COVPRESSCR DI SCHARGE CONTROL ON A TRANSPORT REFRI GERATI ON SYSTEM
Cross-Reference to Related Application [0001] Reference is made to and this
appl i cat iwo 20lei3pm4priority fromand the benefit of U SPCPUs2e09/06T6588
Application Serial No. 61/100, 445, filed Septenber 26, 2008, entitled

" COVPRESSOR DI SCHARGE CONTROL ON A TRANSPORT REFRI GERATI ON SYSTEM', which
application is i ncorporated herein in its entirety by reference. Field of

the I nvention [0002] E Egl I o transport
refrigeration units i)lcig %eépgi ]Elg{ﬁ éﬁl ng conpr essor
di scharge superheat wi TRAN SPQE%&EEREQ TIONRYSIEM of the Invention

[0003] A transport refrigeration systemused to control enclosed areas,

such as EP(?ss' ‘%&eﬁ%g% %te‘ﬂsggpﬁgatmhmks trailers, containers, or simlar

i nt er nodal "Uni unctirons b orbi ng heat from t he encl osed area and
rel easi npobept out Refdeenoé istthadelrodand ﬂh@a;ﬁﬁnea@mmlmmrmnmy fibm stnﬂah\é port
refrigeratign system comonly i ncl udes a ressor._to pressuri
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conpr essg{r%leh h@tﬂ\WRﬁg‘@@geﬁﬂ%dIﬁ@éE%@N?ﬁdL@N%WA‘NﬁMTf roma gas to a

liquid rent air | own across the refrigerant coils in the
condens eREFRI(éERA(HONrﬂéYSTH?M ‘ewliobap@icafibieistinampotet] heesiin ingerantiran bgyst em
further cl udes an evaporator for drawi ng heat out of the box by draw ng
or pushlli‘?g"rF@teurn air across refrigerant-containing coils within the
evaporator. This step vaporizes any remaining liquid refrigerant flow ng

t hrough the evaporator, which may then be drawn through a suction

nmodul at i pR1dée the Thwiilondnd back into the conpressor to conplete the
circuit. The systemmay include a thernostatic expansion valve (TXV) in the

refri gerﬁmgenl ne UpslLRRDsAk Liks gM@d?&l[f‘tfonan hﬁﬁgt 1%'&1 Fatl BSPAIGhY Gnd@ the

super hea erated 1 n the evaporator (‘super ng defined ‘as the
di f f er engpecifetie eén cortelBensrtbrespodistiangreruatihest valﬁd)ut hgquawhuwabtei on
tenperature at the

Background of the Invention

[0003] A transport refrigeration system used to control enclosed areas, such as the
insulated box used on trucks, trailers, containers, or similar intermodal units, functions by
absorbing heat from the enclosed area and releasing heat outside of the box into the
environment. The transport refrigeration system commonly includes a compressor to
pressurize refrigerant vapor, and a condenser to cool the pressurized vapor from the
compressor, thereby changing the state of the refrigerant from a gas to a liquid. Ambient
air may be blown across the refrigerant coils in the condenser to effect the heat exchange.
The transport refrigeration system further includes an evaporator for drawing heat out of
the box by drawing or pushing return air across refrigerant-containing coils within the
evaporator. This step vaporizes any remaining liquid refrigerant flowing through the
evaporator, which may then be drawn through a suction modulation valve (SMV) and
back into the compressor to complete the circuit. The system may include a thermostatic
expansion valve (TXV) in the refrigerant line upstream of the evaporator, which is
responsive to the superheat generated in the evaporator (superheat being defined as the
difference between the sensed vapor temperature and the saturation temperature at the

same pressure). The transport refrigeration system also commonly includes an electric



sanme pressure). The transport refrigeration system al so commonly includes
an el ectricgenerator adapted to produce AC current at a sel ected voltage
and frequeoQylide@per ate a conpressor drive notor drivi RgTIUSR0@ETERgEr at i on
conpressor. [0004] Sone refrigeration systens, including transport
refrigeration, require operation at reduced capacity to hold product wthin
a very narrow tenperature range. In sone cases suction nodul ation is used
to reduce and regul ate c This affects sucti and di scharge
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correcti ng measur es, resulting in conpressor di scharge tenperatures that
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climates, a high anbient tenperature adversely affects the tenperature of
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terrperaturg include injecting liquid refrigerant by use of a liquid
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of the evaparator and dunps in at the conpressor suctjon inlet. [0007]
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[0006] Typical methods for controlling compressor discharge temperature include
injecting liquid refrigerant by use of a liquid injection circuit via the economizer/vapor
injection port on the compressor. One approach to injecting liquid refrigerant is by a
solenoid-operated valve, commonly referred to as a quench valve. The quench valve
bypasses the evaporator, that is, the liquid line tees off upstream of the evaporator and
dumps in at the compressor suction inlet.
[0007] Unfortunately, refrigeration systems utilizing a quench valve have
increased complexity, which increases cost. The increased complexity also makes system
packaging more difficult in the confined space of a transport refrigeration system.
Further, additional control parameters must be designed and implemented into the system
controller.
[0008] Another drawback of systems utilizing a quench valve is that the liquid
refrigerant bypasses the evaporator, thereby decreasing system efficiency. Also, the
compressor superheat is more difficult to control with the use of a solenoid valve because

large slugs of liquid are dumped into the suction inlet of the compressor. Too much liquid



refrigerant bypasses the evaporator, thereby decreasing systemefficiency.
Al so, the conpressor superheat is nore difficult to control with the use of
a sol enoiwovalivsediecause | arge slugs of liquid are dunpedTiusc@obmsssuct i on
inlet of the conpressor. Too nuch liquidrefrigerant can also result in

fl oodback to the conpressor and can ultimately cause failure of the
conpressor. Summary of the Invention [0009] A stable system and process is
provided to control the degree of conpressor superheat. without the use of a
P omen veoesTaT s oo fesull P BEs ek M o Rp e Rd G it eise 'S
condensegs haBopRRYrat or, and a controller for controlling an expansion

val ve, a process is provided for controlling conpressor discharge during a
cooling cycle conprising the steps of nonitoring a conpressor discharge

par armet ebumamyy f thelnvestiewnpr essor di scharge parameter to a set point
stored in a controller menory, and selectively operating the expansion

val ve up m of V, r 0 i bet ween the
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par anmet ecommyssbesitperieear withise thene rofiguéivd wdte. poi nt val ue may be about 132
degr ees | sius. [0011] The, process nay further include the steps of
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conpressor discharge paraneter to a first predetermned |imt stored in the
cont r ol | emmpressor gischiinge grogesmofiog cydatoempilisingthectaps eEsonitdiigchar ge duri ng
a cooling cycle iis .initiated onI&@it t he anbi ent teg&prature t he ai
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tenperature |s($reater t han about 43 de?rees Cel sius, the return air
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compressol dLRe IRl 48 LGIRET AL, | 8. Or fRler.d hannaboyt, AdR degrces Cel sius.
[ 0012] e process nayIPurt er e ide T he %teps of s?%ppln e process if

a procesgh@inait@poieehlse anasaeabdudrdrifesCoBRtis| i M t. The process
paraneter may be return air tenperature or anbient air tenperature, and the
second p[()é)ab{er m neke pioggss may further include the steps of monitoring an ambient

temperature and a return air temperature and comparing the ambient temperature, the
return air temperature, and the compressor discharge parameter to a first predetermined
limit stored in the controller memory. The process for controlling compressor discharge
during a cooling cycle is initiated only if the ambient temperature, the air return
temperature, and the compressor discharge parameter meet the first predetermined limit.
The first predetermined limit may be the ambient temperature is greater than about 43
degrees Celsius, the return air temperature is less than about negative 18 degrees Celsius,
and the compressor discharge temperature is greater than about 118 degrees Celsius.
[0012] The process may further include the steps of stopping the process if a
process parameter meets a second predetermined limit. The process parameter may be
return air temperature or ambient air temperature, and the second predetermined limit
may be greater than about negative 18 degrees Celsius, and less than about 38 degrees
Celsius, respectively.

[0013] The step of operating the expansion valve may include operating the
expansion valve in the absence of separately injecting liquid refrigerant at a location

between the inlet of the compressor and the exit of the evaporator.



may be greater than about negative 18 degrees Celsius, and | ess than about
38 degrees Cel sius, respectively. [0013] The step of operating the

expansi orwoabwa3ndy i ncl ude operating the expansi on val PeTius2atbpsBmBEence of
separately injecting liquid refrigerant at a | ocation between the inlet of
the conpressor and the exit of the evaporator.Brief Description of the
Drawi ngs [0014] For a further understanding of the invention, reference

will be de . to the fql]ow ng, detail ed description of the invention which
isto beﬂ?@ Bewpg’&ﬁrfgé{'?ﬁ"ﬁa%qgﬁ t he acconpanyi ng draw ng, wherein: [0015]

FIG 1 schematically illustrates a prior art refrigeration system [0016]

FIG 2 smoggpti cal Fyr d fuktst drfeReanalhg@feRPingédtiATReH AR ilIte Madeabihger ati on
systemin accordance with the present invention; and [0017] FIG 3 is a

bl ock di Edleamcdntaitedidesesipyiopoé derinyangion whidhws éhbe teafl in eeymegtiomyiti the
exenpl archg%glgyii‘q%?}aw%%twa%re%:ocess for controlling conpressor superheat
I on ar

during opera frigeration system Detailed Description of the

| nvent i ofp0fil®P18] FFIG. 11schéraxcally siilvaa®t b pribept egapératiorosysein;an exenpl ary
enbodi ment of a refrigerant yaﬁor conpressi on system 10, such as a

convent i 9461 pri or Ft-t2 schemnapratly dfusgater an pxeyerladyi corbodiaendof asuch a system
10 typicakly..incl : ] .a_reqi procating conpressor,
10, P! CRN AL R B SOMESSOD 2SR BTl P ot 10 Com

ess refrigerant. In the conpressor,
t he refrj0§ev7hnt i sFiorps edbbedt diagran kblideeivelygmpenadngia Sowantlapilbssuatieg The

refrigerant then noyes. to a_condenser 16, which may be an air-cool ed
condensefl e*FH&’?%ﬁHl\é’ﬁglé‘FeniBfi refg Oacwt{ﬁﬁrra TRMRYFSSEHIHPEHEAYIWHEl fins and

tubes 18gpaphtidnlbeaGeRigeeRioftisystethyPi cal Iy bl own by a condenser fan (not
shown). By renoving latent heat through this step, the refrigerant

condenses to a high pressure/high tenperature liquid and flows to a
r ecei ver De@iled esgniphiordelsthe tloyendiont or excess liquid refrigerant during | ow
tenperature operation. Fromthe receiver 20, the refrigerant flows through

Subcoo) o 22,rkRaN 8- L0 LA AR AL
refrigera,lnt vapor compression system 10, such as a conve,ntional prior art transportation
refrigeration system. Such a system 10 typically includes a compressor 12, such as a
reciprocating compressor, which is driven by a motor 14 to compress refrigerant. In the
compressor, the refrigerant is compressed to a higher temperature and pressure. The
refrigerant then moves to a condenser 16, which may be an air-cooled condenser. The
condenser 16 includes a plurality of condenser coil fins and tubes 18, which receives air,
typically blown by a condenser fan (not shown). By removing latent heat through this
step, the refrigerant condenses to a high pressure/high temperature liquid and flows to a
receiver 20 that provides storage for excess liquid refrigerant during low temperature
operation. From the receiver 20, the refrigerant flows through subcooler unit 22, then to a
filter-drier 24 which keeps the refrigerant clean and dry, and then to a heat exchanger 26,
which increases the refrigerant subcooling. Finally, the refrigerant flows through the
evaporator 28 prior to reentry into the compressor 12. The flow rate of refrigerant
through the evaporator 28 in such prior art would be modulated through a mechanical
thermostatic expansion valve ("TXV") 30 responding to the feedback from the evaporator

through an expansion valve bulb 32. The expansion valve 30 regulates the amount of

refrigerant delivered to the evaporator 28 to establish a pre-determined superheat at the



whi ch increases the refrigerant subcooling. Finally, the refrigerant flows

t hrough the evaporator 28 prior to reentry into the conpressor 12. The fl ow
rate of rwbOrbgasestt t hrough the evaporator 28 in such prCcorusarm/osmwmes d be
nodul at ed t hrough a nechani cal thernostatic expansion valve ("TXV') 30
responding to the feedback fromthe evaporator through an expansion val ve
bul b 32. The expansion val ve 30 regul ates the anmount of refrigerant

delivered to fhe evaporator_ 28 to establish -determ ne uper heat at
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from t hetheeomipwssor2Q. t o the suction line at a point between the suction
nodul ati gn_val ve 36 and conpressor 12. LIV 36 has a sensing bulb 40 | ocated
on the ci¥Pbssor Hhepmirgrefiigseant VAP SEMREGSHAN sYStgm 38 318 1BYRss S | ed
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enbodi ment of a refrigerant vapor conpression system 100 according to the

present disgargss Uirthe sufischeaesoneselyathe bk il highar thae agirelstomewdenabyedi ment i s
R134A) i d to.conl the box.air (i.e. ., the air w.thin the n{ ai ner or
rarter BV 20 oy ERow Pttt Bsohitfs Sty RaE0RRTY e
depi ct ed4@sdpeeh tHe BiperlanBvVEREP prelidérhimed lighk 0LV 8@BREGSSOr, however ot her

compr ess[c())r()EO] Referring to Figure 2, wherein like numerals indicate like elements from
FIG. 1, there is shown schematically an exemplary embodiment of a refrigerant vapor
compression system 100 according to the present disclosure. The refrigerant (which, in
the disclosed embodiment is R134A) is used to cool the box air (i.e., the air within the
container or trailer or truck) of the refrigerant vapor compression system 100. In the
depicted embodiment, compressor 112 is a scroll compressor, however other compressors
such as reciprocating or screw compressors are possible without limiting the scope of the
disclosure. Motor 114 may be an integrated electric drive motor driven by a synchronous
generator (not shown) operating at low speed (for example, 45 Hz) or high speed (for
example, 65 Hz). Another embodiment of the present disclosure, however, provides for
motor 114 to be a diesel engine, such as a four cylinder, 2200 cc displacement diesel
engine which operates at a high speed (about 1950 RPM) or at low speed (about 1350
RPM).
[0021] High temperature, high pressure refrigerant vapor exiting the compressor

112 then moves to the air-cooled condenser 116, which includes a plurality of condenser



such as reciprocating or screw conpressors are possible without limting
the scope of the disclosure. Mdtor 114 may be an integrated electric drive
not or driwertotyosesisynchr onous generator (not shown) operPariusgooas1688v speed
(for exanple, 45 Hz) or high speed (for exanple, 65 Hz). Another enbodi nment
of the present disclosure, however, provides for notor 114 to be a diesel
engi ne, such as a four cylinder, 2200 cc di splacenent diesel engine which

oper at es .a hi speed (about. 1950 RP at 1 ow speed (a 1350 RPM).
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plurality of condensercoil fins and tubes 144, which receive air, typically
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refrigerant flows to the filter-drier 124 which keeps the refrigerant clean

and dry, e@ReMmizee heat krehagreraid Sewbish ieqsehdgrefsigetaghybeodldg, whi ch increases
the refry nt su I [ | f e
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sone of it _vaporizes. The refrigerant then flows through the tubes or coils
152 of tprafiesRf sl BXYr atlsast soiRf OhitaBRYIASS Hiederigetn thes Thoats shiquah the154
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liquid refrigerant. The return air is prefera rawn or pushed across the
t ubes oraicgitirgingFPorh yhedtox)) eadin wriwiey apmrades theframaibb liqihdrafegaramger ant

vapor is_then drawn fromthe evaporator 128 through th ction service
valve 1350 iiiOPEfEy ABPR EERARI Clsaf e bE o 1500 o BRSPS ncl udes
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allow refrigerant to pass through an auxiliary expansion valve 16Z having a

sensi ng Walsheticdseviesatade Ligshackare dfe compresser nedi ate inlet port 167 of the
com essRip ., |1y Sul EREeLRrCREME LEARERERIS 5, MRl e

circuit is active, valve 160 opens to allow refrigerant to pass through an auxiliary

expansion valve 162 having a sensing bulb 164 located upstream of an intermediate inlet

port 167 of the compressor 112. The valve 162 is controlled responsive to the

temperature measured at the bulb 164, and serves to expand and cool the refrigerant

which proceeds into the economizer counter-flow heat exchanger 148, thereby sub-

cooling the liquid refrigerant proceeding to EXV 150.

[0024] The system 100 further includes a digital unloader valve 166 connecting

the discharge of the compressor 112 to the suction inlet. In the event the system 100

generates excessive pressure differential or amperage draw, the unloader valve 166 opens

and equalizes the pressure between discharge and suction thereby causing the scroll set to

separate and stop the flow of refrigerant.

[0025] Many of the points in the refrigerant vapor compression system 100 are

monitored and controlled by a controller 550. Controller 550 includes a microprocessor

552 and its associated memory 554. The memory 554 of controller 550 can contain

operator or owner preselected, desired values for various operating parameters within the

system 100 including, but not limited to, temperature set points for various locations



whi ch proceeds into the econom zer counter-flow heat exchanger 148, thereby
subcooling the liquid refrigerant proceeding to EXV 150. [0024] The system
100 furt hwo 2oriai3ecdes a di gital unl oader val ve 166 conne@®Cirfus2e0a05w8s$char ge
of the conpressor 112 to the suction inlet. In the event the system 100
generates excessive pressure differential or anperage draw, the unloader
val ve 166 opens and equalizes the pressure between di scharge and suction

t her eby causi t he ol et to separate and stop the fl ow. of
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100. | n frp@ variges pajel ik MssastamntC auisnt Bprer DEsoreRdnpges oftags BpBiSr ocessor
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r ecei vestrimigoas AtHBTR") andutlayawtichresberségiatyrtcarrbntdimonm did @ugopai I50s i n t he
system AC current inputs, DC current_ inputs, voltage inputs and _humdity
| evel i nfisti8 tumconel Yarighs extrimakyeapya! ¢ayiqes ipde dyitvm 10D wgh AsESY £ el d
ef f ect tiﬁﬂ?&%tngngle(" FETs") and relays which receive signals or current
fromthe controller 550 and in turn control various external or peripheral
devi ces [0026he sysAemng@t spscitih sasoENd iBDsdifcors rexatmpddby ¢BR83r Aong t he

specific sensors and transducer.s noni eg‘&?é controller. 550 are t return
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vari abl e; (@i} REistRkiige Mig%&gthte QvARatBYRARN AlrAEmp@htdFdd 1l AmibigRper at ur e;
the anmbient air tenperature T) sensor 170 which inputs into

m cr opr ovetesnerBE2 (AAdasersior 70 whichtigputy mitemiciopiordtisoigd L taabknbi ent ai r
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the compressor suction temperature (CST) sensor 172; which inputs to the
microprocessor a variable resistor value according to the compressor suction temperature;
the compressor discharge temperature (CDT) sensor 174, which inputs to microprocessor
552 a resistor value according to the compressor discharge temperature inside the dome
of compressor 112; the evaporator outlet temperature (EVOT) sensor 176, which inputs
to microprocessor 552 a variable resistor value according to the outlet temperature of
evaporator 128; the compressor suction pressure (CSP) transducer 178, which inputs to
microprocessor 552 a variable voltage according to the compressor suction value of
compressor 112; the compressor discharge pressure (CDP) transducer 180, which inputs
to microprocessor 552 a variable voltage according to the compressor discharge value of
compressor 112; the evaporator outlet pressure (EVOP) transducer 182 which inputs to
microprocessor 552 a variable voltage according to the evaporator outlet pressure or
evaporator 128; direct current sensor 186 and alternating current sensor 188 (CT1 and
CT?2, respectively), which input to microprocessor 552 a variable voltage values

corresponding to the current drawn by the system 100.



m croprocessor a variable resistor value according to the conpressor
suction tenperature; the conpressor discharge tenperature (CDT) sensor 174,
whi ch i npwb=0t003md18r opr ocessor 552 a resi stor val ue acc@ecaiusgomwostehe
conpressor discharge tenperature inside the donme of conpressor 112; the
evaporator outlet tenperature (EVOT) sensor 176, which inputs to

m cr oprocessor 552 a variable resistor value according to the outl et

t enper at yr f evapora 128; the c ressor ction pressure ( )
Y1 R T A B T e A R T SO A S
accor di ngqdi@ id; E&om%gﬁﬁ@f arﬁi%gdc@cﬂedlgh%lﬁan@Q:GH(r@l%?%[en‘lel@s WiRge&0Npr essor

di scharge pressure ( ) transducer whi ch inputs to m croprocessor 552
a var i abpeonegl refiigeraivooysimg ha heqeily rﬂ%rlpd elsgrothedmsctm qfdiquid rg&rigsfrant

d 182 whi ch
gt ¢ Bl st BB baY s Oifory BERRE G0 SRt AERRIMEREe cvapor at or

outl et ppesHe agcmu@\pa@@mata@mqha%_rrocewta@bn@wth@mm@%mesup%&&aawdhout
alternating current sensor 188 | and CT2, respectively), which input to

m cr opr otebdBgpn §A1Y . puwilhbe @XR}@HQ%@]@%]I kedaw cor respondi ng to the current
drawn by syste f e f. the present

di scl osu"dgalg]s the %%B%Jgg % e&%ﬁﬁﬁ Olfttﬁ%uqlwsrez?\é&[%?g%?e\?gl%ée (LI'V) and
associ at mibrpﬂamaéssdﬁgssanﬂescmpﬁﬂs @ﬂolneﬁqeej\m aésor WQemeleEV@ﬂ“lsemsoaﬂ% in

refrigeration systems have heavily relied upon the injection of |iquid
refri ger ¥HET Rl utathe syaRorger %hﬁy@ag@&r S%Ef‘é]g@é ale%ste@nt%l? gtlcilpéerddgr ee of
conpr ess tiaat ocess to
Cont ol F R L o B URRESET TR I BRI T 5
expl ai netihd mlculepracdssdzreiﬁwher{ @0R8eslthe tHeulhad eviprpdtenwpeditatonlwftomhe

di scl osed e dj t he, m croprocessor 552 uses in romthe EVOP
sensor 1B%° fg%gedﬁg%fregéﬁg%Peaff%lu PISPORYG E)togcélpgmegpé?gﬁé 'Jté\?aporat or coil
evapor at QicrSpBesstaad5288 frofRhiBed REachRLCHEENWD50 aeﬂéﬁaﬁgmpayqﬁfe@enﬂe\%@ usi ng
al gorithns understood by those of ordinary skill in the art.

M cr opr otBWsYT adbBR amhé«rsn@dﬁpmrb@t trh@rdclatbcnﬂlaqaédhedaq@mdaumrh@@p@hhgat val ue
to a pr e(sel %“(l:f‘:[l%gﬂlmgll’el’lsslur e% % as oer%%m\r/ﬁ 1 ca ac? ﬁocr 1’ocSt Or%cs; L), memory
556. The Tﬁcroprocesso §Z °P$ pr ogrante P yda PRe dmdyependl ng

upon di fﬁep@gm@&nmtbmmaapﬂqaadw@n@btt@l@smfr@ge@uaeﬂhaamu fhafitde todtfolMai Nt ai n

t he desired superheat settin o . . ,
and still not cause flood back (1.e., escape of liquid refrigerant into the compressor). This

value will vary depending upon the capacity and specific configuration of the system, and
can be determined through experimentation by those of ordinary skill in the art. This
lowest level of superheat may then be used as the “base” setting from which superheat
offsets are made in the event of various operating and/or ambient conditions.

[0029] In the base implementation discussed above, it has been learned that the
concomitant superheat generated in the compressor 112 exceeds safety limits in some
operating regimes. One example of such a regime is when the ambient temperature is
greater than 43.3° C (110° F), the return air temperature is less than -18° C (0° F), and the
compressor discharge temperature is greater than 118° C (244.4° F). The inventors have
discovered that conventional control techniques, that is, controlling evaporator superheat,
were ineffective in preventing compressor discharge overheating if the quench valve was
eliminated from the system and the above conditions were reached. In the base
implementation, the compressor discharge temperature continued to rise. To combat this,

the evaporator superheat set point was successively decreased in an effort to add more



(i.e., the mninmmsuperheat so as to nmaxim ze unit capacity).

M cr oprocessor 552 may be programmed to maintain the | owest setting of

super heatwotzobn3edéidl nmai ntain control and still not caueTfusomd/obmek (i.e.,

escape of liquid refrigerant into the conpressor). This value will vary

dependi ng upon the capacity and specific configuration of the system and

can be determ ned through experinentation by those of ordinary skill in the
st level of su " setting

art. This I gerhfﬂ% t hen be us%d as the "base

£1 om whi KAV (IERHARA O She CURRICHPET adIOWGYSE RECTBYRST N6 £ Rt SIPERMat | ng
and/ or ?ﬂ@h@ﬁﬁwﬁ@@@btiQﬁﬁﬁkh&@E%hdM&ﬁ%B%npﬁﬁﬁd&H@kﬁﬂ§ﬂkﬁkhﬂﬂeﬂbﬁpﬂﬁSﬁd
above, it has been |earned that the concomtant superheat generated in the

conpr esstorkeen theedigrbarts temparatprd withinsiceaptabdarepespangdimity Fughendesreagng exanpl e

of such regime is.when the ambient te raiure.i s greater. than .3 C
(110", B el o A SR 2ol MRt SR e B e
conpr ess@k PH giahiahy Ghiseioneitioh vélcied (B¢ &aaatioh RaRe 138 ufstitddBechule) the The
i nventors have discovered that conventional control techniques, that is,

cont r ol | Higijdeopgiseattisvensy perahbatvaswardetcimianlle at tho ©pPatipg FAsratyg a8@npr essor
di schar ggre‘s"s\ﬁ?é. *Aegog{ltﬂagal'rgfyrﬂh‘ﬂ?dﬂfé?éﬁ? ﬁgén%gﬁa{&ﬁ@pgérﬁéﬂtﬂf% Qb0 e system

and t he above co ti OAS were reac ase |n%lenen ation, the
conpr essamtdi gelapghedt @omeditad ur thecompiassed to rise. To conbat this, the
evapor at or super heat set pqQint was successively decreased in an effort to
add rmre[q(’aﬁl d ref RefgEIgHP HGSt hant drfprracss 04 1oy copslips FOmBIFE when t he

evapor at @k 3URENBEAbaHRitinR 91cBb1iMBS cle R sfowh P rb &k e880 ddnfibsds & &kp! ger ant
to't t

was delivere e conpressor 112 to keep di scharge tenperature
wi t hi n aZiiegitapblating pe thetbiasginhplemématidrunddewhelecingbes disgosddeexgmplepoi nt

resulted in ze rheat , meani ng t hat e refriqerant s,in the done of
the- P arageLat XN BRs Rapondis Penderuil | ekians fon FRAT WsB st abl o
because {dngod IGBUANTVRRQYS: 160NSTd EIVERENof IHahkinionitdRsl. UpdelpnTin@bl e at the
operating tenperature and pressure. A control algorithmdifferent fromthe

base i npmeméeredvilops wwasompaeavithe dishpriedétetnnocd liperskoed ingbpeeritadidri n t he
conpr ess 0030 erring.to Fl . 2.and 3, a process 200 f

contr o 1 738 TCBARPABIE PRt Sure upRuSHo s SR BERR k3% ®Pe 1 s shown
The processin( be@Rpl&eStaiont Bithd i3 cRked@ebatinggt, the firferéds@mined

s enenltir?ltitiig Qhengrggie},l\p zgrr t?:,mpierr;lt&rg (i;)s gdrieast(f':;rI t?lg.r? 23%2’(%%56)0, F), the return air
temperature is less than -18° C (0° F), and the compressor discharge temperature is
greater than 118° C (244.4° F). If the first predetermined limit is met, control of EXV 150
is selected to be responsive to a compressor discharge parameter.

[0031] At a step 218, the set point for the microprocessor 552 controlling EXV 50
is changed from the evaporator superheat set point to a compressor discharge parameter.
In the disclosed embodiment, the compressor discharge parameter is the compressor
discharge temperature, as sensed by CDT 174. However, in another embodiment, the
compressor discharge parameter is the compressor superheat, as calculated using the
CDT sensor 174 and CDP sensor 180, as will be discussed below. The set point is
initialized with a value equal to the then-existing reading from the CDT sensor 174. This
initialization process essentially results in zero error between the set point and EXV 150
position and prevents the EXV from large initialization errors.

[0032] After initialization, a final set point for the compressor discharge

parameter is input to the microprocessor at a step 220, along with instructions to reach the



control of EXV 150 is responsive to evaporator 128 superheat. At a step
212, the RAT sensor 168, AAT sensor 170, and CDT sensor 174 are nonitored.
At a st epw@2di0/3a4nmoni t ored val ues are conpared w th aPCirruskoonemss er m ned
limt stored in the controller 550. If in step 216 the first predeterm ned
limt is not net, control of the system 100 remains in base inplenentation.
In the disclosed enbodinent, the first predetermined |[imt is: the anbient

air tenperature is greater than 43.3 110 , the return air tenperature
is less %%Bﬂm!%a@eg@e@}@e%%“% t%enﬁ? &@WF%F%W@V eifpePLtlire is
greater é?ﬁ%ﬁ%&?%%cﬂﬁﬁeﬂlp@amré Eqidi®o 13231 CprRAe el (ReFedddBrltihSisMet ,

control o is selected to be responsive to a conpressor discharge
par anmet eP0 sqconds1 s apn he seeadram gie abhee esmpbaithg cdngiol algerithintisdpitiocdssor 552

controll] XV 50 is changed fromthe evapoyrator superhgat. set point to a
conpr essSPIE CREPes Sy PEREES n RS FERTALEC st ER e ompr easor
di schar geavieali @0%éred tHas theRQsteRNDDES ERler @ SATIA B/ the FBESoRttUS Basicr%o Sensed by

CDT 174. However, in another enbodi ment, the conpressor discharge paraneter

i s the chpvedshe peasses HPAt initated hefern the sempish oy dissbargpenperpdyie 1599 and CDP
sensor 1 W | i gﬁg . i I.S..l.nitialized with a
val ue eq%gt e? %Slt 5‘l:tt gnr%dief?(]? |§%S?gg§ﬂ%fgg r%o‘%ﬁettnﬁgg%ﬁpﬂse gsr?g (E)Hrsz:lﬁélé Thi s
initialieatpeurplioitigha thasthatetgloing, thesytds 100 izaoe dfficalt thbtingio t he set

poi nt and EXV 150 position and prevents the EXV fromlarge initialization
errors. fOY8D] After initialization, a final set point for the conpressor

di schar 9&(}8@{ anet efy 2 xBRple, iHe g‘r&%sm&f A4S E?mnﬁnaﬁirﬁ%ﬁlﬁ-&wéﬁs@ ong

with ins ions to reach theset point inap term ned period of tine.
I n the d{RD) osehliex anpirect thherrsebetpeémthe insaswnpraspessoddschmgge t enper at ure

equal to 132.2 C (270 F), and.th o) f ti is 90 seconds. As can be
ceen fr oRTEREEEASLEe dxcitiElPeitie TRORT Blcdrign P Wik PUPHR A TAFER hen t he
conpr essgitiofl g kA% SGudtEIOE30 W BridgSthk C¥RPrek R Midchs g8 &impPAthie-c1dBLtd Nvent or s
have di scovered that the system 100 is easier to control and the set point

i s easi ethetset podidi Eheprioportivpalpabsaletermi®s ithe ieadtionge die defeor @rarhdeconpr essor
di scharge. te e{atdlé{e ri sés Lo t he desired set FOi ntte.rrolrf th?heprocess 200 is

initiat et when thé CORprassor aiPl cRAr g& { eersrlf)nelrog are s %ia%er t han the set

poi nt, theivaysd eaud 88einsindhe rahiclién @ithé rdt®©atwhidl tHeldr@r has been changing.
Together, the weighted sum of these three values is used to adjust the compressor
discharge parameter via the position of EXV 150. In the disclosed example, the set point
values to the PID were changed as disclosed herein, but the proportional values, integral
values, and derivative values remained unchanged from the values used in the prior art
system.
[0034] The process 200 continues until either the return air temperature or the
ambient temperature meets a second predetermined limit, or an alarm condition is
encountered. At a step 222, various system diagnostic monitoring checks are conducted,
and if any alarm conditions are encountered, the process 200 is stopped and the system
100 is shut down or remedial action is taken. In one example, if the compressor discharge
temperature as measured by CDT 174 is approximately equal to the ambient temperature
as sensed by AAT 170 for a period of ten minutes, an alarm code is signaled indicating
the discharge temperature sensor has failed.

[0035] At a step 224, a check is conducted to determine if conditions warrant

returning to the base implementation mode of operation. If a process parameter meets a
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control. [0033] In one exanple, the process 200 utilizes a

proportional -integral -derivative (PID) controller to correct the error

bet ween tWe 2nmasesied conpressor di scharge paraneter andPChaSd@giosmds set
point. The PID cal cul ates and then outputs a corrective action that can
adj ust EXV 150 to bring the conpressor discharge tenperature closer to the
set point. The proportional value determ nes the reaction to the current

error, the inte raI.vgﬁﬁe.dggermrfékthﬁ react%pagba eg on the sum of
recent efFBISP™ HEAET dEG FPU%? QRN P ET iOA “%t%_?ﬁaction to the rate
at “h'Chh&ﬁ&n&&&ﬂﬁnﬂ@&:Q%%&ﬁﬂ%ﬂhﬂ@&kpﬂﬁ&ﬁ@b@%mnﬁﬁemﬂﬁk@BQ@d]%QﬂbOf_these
three values is used to adjust the conpressor discharge paraneter via the

posi t i onexgnpiXVhelHocesh patahetediisishos et terparpliues astsaeseddty Ryol sensenléfes to t he

val ues, S ng 8P osRGarRE L PE S Wi St Ptk ARBe R hcea 1

the pri ofhe@Fdcesysr@fittet QQAMient Bk tdhRG RS RACnLAMYI AWESentdt 170,@hd BiRr the
return air terrperat ure or the ambient tenperature neets a second

] L mp .
pr edet er secaediplefletemines ligf igjoss thaedidi’ G AOT B). dhebahe el eppodimepisp 222,
vari ous i | I i , hfn any al arm
condi 11 ot R SHARRARE (FRPb) Ble RS 5T RE Pap SRR ke B 200707, T00
i s shut eownially beevmidiahe Bt implemsntaden. |1 n one exanple, if the conpressor
di schar ge nperature as neasured by CDT 174 is apﬁroxinatel equal to the
anbi ent 8Bk at ur 8 discesekahpveyin Aagtherembesimgnt o thepregsnt fisplopyia fes, an

alarm co i i | i j sor has
cds3 éﬂ&ﬂ%ﬁ‘ftﬁg B g&%g'}gﬁg%%eghﬁ&ﬂ@ﬁ B%chBORE! B MEfrRERS

[
failed. [0035] At a step 224, is conducted to determne if
condi t i oosnmassoadischraggaupanameget, doit dxemipistbe coppensn tsepariaat anckdcuwditedper at i on.

If a progce ar anet.er asecond predeternined limt, the coniyo
al gor | ¢ hiHE FaY bR HACTG TP PaSTBRS L. AT G REBe s AP H b pg. and
the proc@georPRssdrafidchaQ¥ pres@ire 8¢ &RAs<dlBy CDP LAGra88M1& mbhgoRd ocess
parameter is return air tenperature as sensed by RAT sensor 168, and the

second psteriel Bithd mesdoprpedssoriso2 galsalatas atdempressqr. @saiagd sFperh¢at (GRSHNer

exanl e, e, 8635 PR YRESh e REENhALDSHETRE! Al Selfntedsgd by AAT
first calculating a compressor discharge saturated temperature using the value sensed
from the CDP sensor 180 and known algorithms, then subtracting the compressor
discharge saturated temperature from the sensed compressor discharge temperature. At
the initialization step 218, the set point is initialized with a value equal to the then-
existing CDSH value 192. At the step 220, the compressor superheat set point is input as
22.8° C (73° F), and the period of time to reach the set point is 90 seconds.
[0037] One advantage of the disclosed system 100 is that it is less complex.
Elimination of the liquid quench valve and associated plumbing and control elements
simplifies the design and reduces manufacturing costs.
[0038] Another advantage of the disclosed system 100 and process 200 is that it is
more efficient. As can be seen with reference to FIG. 1, the liquid injection valve 138 and
associated plumbing essentially bypasses the evaporator 128. When the LIV 138 is open,
the system 100 is less efficient because the capacity of the evaporator 128 is reduced by
the amount of refrigerant bypassed.
[0039] Another advantage is increased stability of the system 100. In prior art
systems such as that depicted in FIG. 1, the LIV 138 is a solenoid valve. By virtue of its
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second predetermned limt is less than 37.8 C (100 F). In other exanple
enbodi nents, the second predetermined |limt on the process paraneter my
resul t i rwohelopsecess 200 essentially becom ng the basePCEaiSeom05383 on.

[ 0036] As di scussed above, in another enbodi nent of the present disclosure,
the process for controlling conpressor discharge superheat is controlled by
a different conpressor discharge paraneter, for exanple the conpressor
super heat as cal cul ated by the T sepsor 174 and sensor, 180. In this
ar i cut S bRt ClE PRSI T DD e L Hp e SOtes t LONK RS PE sur e as
sensed DbiyeifDhu g&ﬁ(ﬁfo th8QudtnahRPoMRO bbApRSkor A 2 arrt sfily s 2 liquid@n Jead to

m cr opr ocessor 552 cal cul ates a conpressor di scharge superheat (CDSH) val ue
192 and wstebity tnntbe vamnprssion a2 rdmyingen ofthe LEDIBR wkb g migesi the satres m ned by
first caé Plgﬁﬁi a conpressor discharge saturated tenperature using the
val ue sefsad m the CDP sensor 180 and known al gorithnms, then subtracting
the conpressor discharge saturated tenperature fromthe sensed conpressor

di scharge tenperature. At the initialization step 218, the set point is
initialized with a value equal to the thenexisting CDSH val ue 192. At the
step 220, the conpressor superheat set point is input as 22.8 C (73 F), and
the period of tinme to reach the set point is 90 seconds. [0037] One

advant age of the disclosed system 100 is that it is |ess conplex.
Elimnation of the Iiquid quench val ve and associ ated pl unbi ng and contr ol
el ements sinplifies the design and reduces manufacturing costs. [0038]

Anot her advantage of the disclosed system 100 and process 200 is that it is
nore efficient. As can be seen with reference to FIG 1, the liquid

i njection valve 138 and associ ated pl unbi ng essentially bypasses the
evaporator 128. Wien the LIV 138 is open, the system 100 is | ess efficient
because the capacity of the evaporator 128 is reduced by the anount of
refrigerant bypassed. [0039] Another advantage is increased stability of
the system 100. In prior art systens such as that depicted in FIG 1, the
LIV 138 is a solenoid valve. By virtue of itsdesign, the valve is either
open or closed, which results in large slugs of liquid refrigerant being
dunped into the suction inlet of the conpressor 112. The slugs of liquid
can lead to
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instability in the conpressor 112. Elimnation of the LIV 138 al so
elimnates the source of instability.We Claim 1. In a refrigerant vapor
conpr essiwO 288366t havi ng a conpressor, a condenser, anPETA[S0006T688 and a
controller for controlling an expansion valve, a process for controlling
conpressor discharge during a cooling cycle conprising the steps of:

noni toring a conpressor discharge paraneter; conparing the conpressor

di scharggY aneter to a set point stored in a controller nmenory; and
selectiv “58{5‘[5‘& ating the expansion val ve upstream of the evaporator in
response to a difference between the conpressor di scharge paraneter and the
set point. 2. The process of claim 1l wherein operating the expansion val ve
is in thé abskrroefugeray yapetcompréssioasysiteg haviggiacdompiessgren aondeaseraan ocat i on
bet ween y;le ianolretnfloa{c Othrencrogjﬁroestrso I andetgesiexit é)f thceese apgrat.er . 3. The
process OF PG M UFRHSIRT Ton SORTHna L Pl < paly g BRTSSHEY spnirling

t enper at &ifpreskor dikehaPEORRHE :dootih@bolScahprighdtheReepsef: poi nt val ue is
greater than the conpressor discharge tenperature. 5. The process of claim
4 wherei n t hemeBHog heompespbiischroge pRsyRBs Cel sius. 6. The process of
claim1 wherej r.di I t I 4 The
process of cl %é}nréa%%ggfr?%@?ﬁ g%%gfﬁglf‘%é %E%rggtte Ig'!gga s%¥ P 61%%%%%#‘?%88%5&15%i ent
t enper at memoandné return air tenperature, conparing the anbient
tenperature, the return air tenperature, and the conpressor  discharge
paramet er to ¥1§tively oppiaBe Eef<RRIM YAlYe SRsHEEE of HedyaPUaiRf HolePRM SFrenor v ;
and | ni t oAl difiGreh BELRRBELES Bfplesdr dﬁ%ﬁaxg%hﬁﬁ{etér%ﬁﬁ’ﬁ{easteyﬁcﬁ (the air return
tenmperature, and the conpressor discharge paraneter neet the first
predetermined limt.8. The process of claim7 wherein the first

pr edet er & nedThd piotess of clalne 1avlisiranoperatimpethatespansian gheeas er thelbsenabolit 43

degrees scf:%lalrsallte'f§§ injecting liquid refrigerant at a location between the inlet of the compressor

and the exit of the evaporator.

3. The process of claim 1 wherein the compressor discharge parameter is
temperature.
4. The process of claim 3 wherein the set point value is greater than the compressor

discharge temperature.

5. The process of claim 4 wherein the set point is about 132 degrees Celsius.
6. The process of claim 1 wherein the compressor discharge parameter is superheat.
7. The process of claim 1 further comprising the steps of:

monitoring an ambient temperature and a return air temperature,

comparing the ambient temperature, the return air temperature, and the
compressor discharge parameter to a first predetermined limit stored in the controller
memory; and

initiating the process only if the ambient temperature, the air return temperature,

and the compressor discharge parameter meet the first predetermined limit.
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the return air tenperature is |ess than about negative 18 degrees Cel sius;
and the conpressor discharge tenperature is greater than about 118 degrees
Cel si us. WO 20tvn3psi@cess of claim 1l further conprising tReTASe@EY/08f68%t Oppi Ng
the process if a process paraneter neets a second predetermned limt. 10.
The process of claim9 wherein the process paraneter is return air
tenperature, and the second predetermned limt is greater than about
negative 18 degrees Celsius. 11. The process of claim9 wherein the process
parameter is ient air te rat.ure, .and e second.predetermined imt is
P ese Thatr abodfe BEeusgr salt Bt e el BBECERERCl ol m 1 wherei n t he
expansi on val @ aiibichi te@hRedth@Nk Sre@P &R 1aBBut\UB| dé8reed Belshhs! €f ri ger ant vapor
conpressi on system conprising: a conpressor for conpressing a refrigerant,
t he conpr essothergiuinr gmpgeatyreps Iser than abqyit segasived S degrees Geleiug awdnpr essor
dischar ge sengar. ORRLALINE] - e UPLELLLO, LIS HBENALAS BQUbree! PELSMPY esSOT
di scharge sensor ¢ ﬁ?|gure £0 pr vide a conpressor di'scharge paraneter; an
ai r-cool ed heat exchanger operatively coupled to the discharge port of the
conpr essQr; amhep@pes af olairh ddtrtkeccbaipgeing opestaisi of stoppiuid pecéw if he

ai r-cool ed heat exchanger and the suction port of the conpressor, and at

| east onROBTSS RATAEFLS SRAESH seooRd RiEdgireaiaet Hdensor or an evaporator outl et
tenperature sensor operatively coupled to the evaporator; an expansion

val ve coupl edThOpbob&slont@im 9fwHdiEn eWAREAL BhrahRler & reh®R 8 tRRpdrht@ld, ¥
vaporizing the refrigerant entering the evaporator; and a controller

oper at i vaidthasegood ateddtewningd filngt iegpeatesitom ababvesgativel & degreas|Jadsiuconf i gur ed
to nmonitor the conpressor discharge sensor and control the expansion val ve
tnr eSpOPIS.e t?héfjl r%lc:f];sf e%%].r%crrel 9bVV te\f\éelrel { ea rsgetss ggrlarrﬁ[ete??sdar}ltt}eentca(i)rt ) efS:rSaPurr , .

di schar ge paranePer.iE. e’re rlgerd% vapor conpression syg?en1o? claim
13, wher gidthé b&os@ptadelelBined Gifdaf is S&S tinRIbooIY de@ierk Jeniggr al - deri vati ve
controller. 15. The refrigerant vapor conpression systemof claim 13,
wherein %he expansi on

2. The process of claim 1 wherein the expansion valve is an electronic expansion
valve.
13. A refrigerant vapor compression system comprising:

a compressor for compressing a refrigerant, the compressor having a suction port,
a discharge port, and a compressor discharge sensor operatively coupled to the discharge
port, the compressor discharge sensor configured to provide a compressor discharge
parameter;

an air-cooled heat exchanger operatively coupled to the discharge port of the
COmpressor;

an evaporator heat exchanger operatively coupled to the air-cooled heat exchanger
and the suction port of the compressor, and at least one of an evaporator outlet pressure
sensor or an evaporator outlet temperature sensor operatively coupled to the evaporator;

an expansion valve coupled to the inlet of the evaporator for at least partially
vaporizing the refrigerant entering the evaporator; and

a controller operatively associated with the expansion valve, the controller
configured to monitor the compressor discharge sensor and control the expansion valve in

response to a difference between a set point and the compressor discharge parameter.
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valve is an el ectronic expansion valve. 16. The refrigerant vapor
conpression system of claim 13, wherein the conpressor discharge sensor is
at | east woeonfo3téie conpressor di scharge tenperature SeRSDUSRI0INEHSS
conpressor discharge pressure sensor. 17. The refrigerant vapor conpression
system of claim 16, wherein the conpressor discharge paraneter is
conpressor discharge tenperature, the set point is 118 C,  and the

controll i s.configured to control the expapsi val ve en tge conpr essor
di schar gLt enBBF SIS SRTERTBYC AR L ERTBdrny e e fentalkr | ger ant
vapor COoghsieet @ Propbeddial-fierhidddMvadve ddatibh&r conprising a return air
tenperature sensor, the controller further configured to control the

expansi on val ve when the return air tenperature sensor reads |ess than -18
C. 19. The reThe éiigasintwapercoamgssiossy semsy stadm 18f whetginntha gxpangionher

conpri sip V‘Tﬁﬂ a%@é-tc%{dc%i éants%r;rlpveaﬁ\%t ure sensor, the controller further
configure 6 ‘control ‘th expansi on val ve when the anbient air tenperature

sensor reads greater than 43 C. 20. The refrigerant vapor conpression
syst em of6.cl airhe &Bjigannervapsr doherebisivahgstga g @aladmEBewhéeginstip esp@tsor

discharge sensor is at least one of the compressor discharge temperature sensor or the

compressor discharge pressure sensor.

17. The refrigerant vapor compression system of claim 16, wherein the compressor
discharge parameter is compressor discharge temperature, the set point is 118° C, and the
controller is configured to control the expansion valve when the compressor discharge

temperature is greater than the set point.

18. The refrigerant vapor compression system of claim 17, further comprising a return
air temperature sensor, the controller further configured to control the expansion valve

when the return air temperature sensor reads less than -18° C.

19. The refrigerant vapor compression system of claim 17, further comprising an
ambient air temperature sensor, the controller further configured to control the expansion

valve when the ambient air temperature sensor reads greater than 43° C.

20. The refrigerant vapor compression system of claim 13, wherein the discharge

parameter is superheat.
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