TRANSPORT REFRI GERATI ON SYSTEM TRANSPORT REFRI GERATI ON UNI T, AND METHODS
FOR SAME CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application

cl ai rs prworntiyos@9U. S. Provi si onal Patent Application Bemitskomo41532

61/ 224,994 entitled "Transport Refrigeration System Transport
Refrigeration Unit, and Methods for Sanme,"” filed on July 13, 2009. The
content of this application is incorporated herein by reference inits

entirety. Hﬂ@sﬁﬁﬁﬂ&tﬁkﬁtﬁt@b&%@%ﬂlmw,pomq@mﬁt@tﬁgmﬂer ally to

the field of transport refri ratlon systems and nethods of operating the
same. BACKGROUND OF THE ||lN7E DS QR $AMEar difficulty of
transporting perishable itens |s that such itens nust be maintained within

a tenper@ly(?gs gﬁmﬁ EWELR'TEW&P‘FEEA’FRWM' ng on the itens, spoil age,

or conver amage fromfreezing. A transport refrigeration unit is used
to maintain proper tenperatures within a transport cargo space. The
t ranspor t{00081 r i Jéwsedpplcatiomthingsgmobey to thhl%rPntvhmiom P@@tiﬁtppli@iiomso‘mht\tool | er.

The cont r.o r that th nsport r Lo Un; ntains a
cer tai n SN T Oy crralEby kI kAT R T AR LA TR el o
space. SWNAKIRY f@RSalielE filM&E\Tﬁlm, 2009. The content of this application is 1ncorporated

herein by reference in its entirety.
FIELD OF THE INVENTION

[0002] This invention relates generally to the field of transport refrigeration systems and

methods of operating the same.
BACKGROUND OF THE INVENTION

[0003] A particular difficulty of transporting perishable items is that such items must be
maintained within a temperature range to reduce or prevent, depending on the items,
spoilage, or conversely damage from freezing. A transport refrigeration unit is used to
maintain proper temperatures within a transport cargo space. The transport refrigeration unit
can be under the direction of a controller. The controller ensures that the transport
refrigeration unit maintains a certain environment (e.g., thermal environment) within the

transport cargo space.
SUMMARY OF THE INVENTION

[0004] In view of the background, it is an object of the application to provide a transport
refrigeration system, transport refrigeration unit, and methods of operating same that can

maintain cargo quality by selectively controlling transport refrigeration system components.

[0005] One embodiment, according to the application can include a control module for a
refrigeration system. The control module includes a controller for controlling the
refrigeration system based on at least a remote cargo sensor or a sensed temperature for

cargo.



[0004] I n view of the background, it is an object of the application to
provide a transport refrigeration system transport refrigeration unit, and
nmet hods oWVoepar@msdsng sanme that can naintain cargo qual i P¢THR260/0€582 vel y
controlling transport refrigeration system conponents. [0005] One

enbodi ment, according to the application can include a control nodule for a
refrigeration system The control nodule includes a controller for

control I ijp@ei he 1 &f hIpB&TATH: YV eRYSH, & PaRPsR thrRfbralonvBR Slclded LI Rr4idh JO
sensor or a sensed tenperature for cargo. 2011/ 008649PCT/ US2010/ 041532

[ 0006] | n mlulesipeiativay CQuREdihyincloss] VoG s peiFecpiemy el aintlades dni t
i ncl udes ,sépﬂlye{;éﬂ %l APCTRIUCR QPRI M%lsﬂplﬁ?téBlp@ﬂuﬁQ aHlufPohesed vol une.

The refrigeration nodule includes a supply port to output air to the
encl osed retoingreram togdhsensfsisgd Yapmpeiodhanegrigeratipe medyle poy returptepgeaire. af r fr om

to the englose @arég ltétﬂg}aratug‘e LdhCor &l g@@ﬁ& Lgé}ggﬁg’fﬂe&x‘%& afl d &hifbiik,t enperature,

at | east one car nperat ure sens unit ovide a cargo tenperature
and a conrbréd tereguinupthe dpdrgioned dleatteigerheonopedudd iegpongie totikee cagdor i ger at i on
nodul e respon ive to the cargo tenperature. [0007]In an aspect of the

. . crgture. . . . .

i nvention, é?rlgeratlon nodul e i ncl udes a conpressor having a di scharge
port and an input port, a condenser heat exchanger unit operatively coupl ed
to the dilg@Har gdn poaspectah thevaysonan mirigrerion exchrngdydes aicemprpepiaiavinglay

coupled t I i e .0X] to.the
condenseﬁ%ﬁgggﬂg%%ﬁaﬁggﬁhh%ﬁ%%gﬁggg%?%?ggg?%#%fgﬁaﬁm§®g%%g@%ﬁgfganate to
t he evapdlisabage e@tanexqgloangdicatenciangdriveit oparativelyl conpledtortbgumbatpertt he
operation qk &Q t an n evapor at or. fan.

C r essor he, condenser and t he o]
50087 1 m afientsh BoeREPLRESimue NS SRS Eoe] SparlPtint i ¥ PRBP B8,
ref ri ger alisposed padith@e opie atapyeloy heoephedet miatheensk@ked vallauame The
refrigerati on nodul e includgs at. least o cargo tenperature sensor unit to
brovi de APEARE LIRS aha HePIEnEh RO s VRBBPHAN 0 oper ate ¢ he
refrigeration nodule in a first node responsive to the first tenperature
and the Jewsnd tleapespattwr ehe ilhlereti@Oatdiofdraionape imtuess 4 feérigeeftion gerlalti on

nodule in _a second gﬁde res&gqﬁiﬁf t tﬁ&.can 0 tégggr t$re.1¥0009]ln an
aspect of PHRRIRRRET Ghen eRachisnu: T3 aTErHI I EbERaTE 559 Pifer at i on
uni t cargo temperature sensor unit to provide a cargo temperature and a controller coupled to

operate the refrigeration module in a first mode responsive to the first temperature and the

second temperature. The controller operates the refrigeration module in a second mode

responsive to the cargo temperature.

[0009] In an aspect of the invention, a method of operating a transport refrigeration unit
includes determining a remote cargo temperature reading, comparing the remote cargo
temperature to a corresponding selected value, entering a power savings mode of the
transport refrigeration unit when the remote cargo temperature is less than or equal to the
selected value and entering an operations mode of the transport refrigeration unit when the
remote cargo temperature is not less than the selected value. In the method, the power saving
mode is exited when the remote cargo temperature is not less than the corresponding selected

value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Novel features that are characteristic of exemplary embodiments of the invention

are set forth with particularity in the claims. Embodiments of the invention itself may be best



i ncludes determ ning a renote cargo tenperature readi ng, conparing the
renote cargo tenperature to a correspondi ng selected value, entering a
power sawogsivms@Iof the transport refrigeration unit WROEAUSROIE/08EADE €
cargo tenperature is less than or equal to the selected value and entering
an operations node of the transport refrigeration unit when the renote
cargo tenperature is not |l ess than the selected value. In the nethod, the

power saw REIIRNES, vith @shdce th MRt Agod ﬁﬁqﬁe@hdaaffgg%a@m%@mé@n&% met | ess
than the correspondi ng sel ected val ue. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0010] Novellovfighdaseradion ken Hr@npgepheite egeanngnying dipings 0 WHpsdi ment s of
the invention are set forth with particularity in the clains. Enbodi nents

of the iny@nyi orFiGt SRlafaidEedm B8t PEFt an HBLAINAS: St HREhspUt FelidePRPE Gfstdnp 1S
organi zati on _and net hod of operation, with reference to the foll ow ng

descri pt i2etPrdiak©rihe #pPEEMIRBCt i on Wi th the acconpanying drawi ngs in which:
[O0O11]FIG 1 is a diagramthat shows an enbodi ment of a transport

refrigeragiion SysGEMsAGKQF G hdt Showt Riiap BhbEakbRIdf a [1B8kbak Kterdions a
di agram t hat shows anot her enbodi ment of a transport refrigeration system

accor di ngYYen fererdipsiPitheAPPitioni0013] FIG 3 is a flowchart that shows an
enbodi nent of a nethod of operating a transport refrigeration system

accor di ngodi9] t heri@pplsiaGRisicBA} that shows an embodiment of a method of operating a

transport refrigeration system according to the application;

[0014] FIG. 4 is a flowchart that shows another embodiment of a method of operating a

transport refrigeration system according to the application;

[0015] FIG. 5 is a flowchart that shows an embodiment of a method of selecting control

parameters for operating a transport refrigeration system according to the application;

[0016] FIG. 6 is a diagram that shows exemplary temperature profiles with respect to

time;

[0017] FIG. 7 is a diagram that shows additional exemplary temperature profiles with

respect to time; and

[0018] FIG. 8 is a diagram that illustrates a plurality of sensors in a refrigerated transport

container.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0019] Reference will now be made in detail to exemplary embodiments of the
application, examples of which are illustrated in the accompanying drawings. Whenever
possible, the same reference numerals will be used throughout the drawings to refer to the

same or like parts.

[0020] FIG. 1 is a diagram that shows an embodiment of a transport refrigeration system.
As shown in FIG. 1, a transport refrigeration system 100 can include a transport refrigeration

unit 10 coupled to an enclosed space within a container 12. As shown in FIG. 1, the



[0014]FIG 4 is a flowhart that shows another enbodi nent of a method of
operating a transport refrigeration systemaccording to the application;

[ 0015] FI GvOo20i1900864P| owmchart that shows an enbodi nent of PaTrSRI10M41582
selecting control paraneters for operating a transport refrigeration system
according to the application; [0016]FIG 6 is a diagramthat shows

exenpl ary tenperature profiles with respect to tinme; [0017]FIG 7 is a

di agram thad oﬁmﬁ%eraﬁiqli UnitQ03d cARAXEHBE B Maih@INESALHP&R dMrRbl dr€FoMhdnd T espect
to tinme; an O018]FIG. 8 is a diagramthat illustrates a plurality of

sensors iYithid e rentyeqrde deis « faasfsipoP endesd dplHEe). DETAI LED DESCRI PTI ON OF
EXEMPLARY EMBODI MENTS [ 0019] Ref erence will now be nmade in detail to

exenpl ar yo@1hbodinent s, ok daB®ort refrigeration unit 10 is connected at one end of the
container 12. Alternatively, the transport refrigeration unit 10 can be coupled to a prescribed
position on a side or more than one side of the container 12. The transport refrigeration unit
10 can operate to induct air at a first temperature and to exhaust air at a second temperature.
In one embodiment, the exhaust air from the transport refrigeration unit 10 will be warmer
than the inducted air such that the transport refrigeration unit 10 is employed to heat the air in
the container 12. In one embodiment, the exhaust air from the transport refrigeration unit 10
will be cooler than the inducted air such that the transport refrigeration unit 10 is employed to
cool the air in the container 12. Thus, the transport refrigeration unit 10 can induct air from
the container 12 having a return temperature It (e.g., first temperature) and exhaust air to the

container 12 having a supply temperature Ts (e.g., second temperature).

[0022] In one embodiment, the supply temperature Ts and the return temperature Tr were
determined using remote sensors 22, 24. Alternatively, the transport refrigeration unit 10 can
include one or more temperature sensors to determine and transmit the return temperature Tr

and/or the supply temperature Ts.

[0023] A transport refrigeration system 100 can provide air with controlled temperature,
humidity or/and species concentration into an enclosed chamber where cargo is stored such
as in container 12. As known to one skilled in the art, the transport refrigeration system 100
is capable of controlling a plurality of the environmental parameters or all environmental
parameters within corresponding ranges with a great deal of variety of cargos and under all

types of ambient conditions.

[0024] As shown in FIG. 1, a single remote sensor 20 can be put into cargo whose
environmental conditions are to be controlled by transport refrigeration unit 10.
Alternatively, a plurality of remote sensors can be positioned in the container 12. In one
embodiment, the remote sensor 20 can be used to determine a temperature of a cargo in the

container 12.

[0025] The transport refrigeration system 100 can include additional remote sensor 22
and remote sensor 24 to respectively measure the return air temperature Tr and the supply air

temperature Ts (e.g., 24). Remote sensors 20, 22, 24, as known to one skilled in the art, can



application, exanples of which are illustrated in the acconpanying

drawi ngs. Wienever possible, the sane reference nunerals wll be used

t hr oughouwotzha/s@n ngs to refer to the same or |ike paPCI/USR@OADIBLG 1 is
a diagram that shows an enbodi nent of a transport refrigeration system As
shown in FIG 1, a transport refrigeration system 100 can include a
transport refrigeration unit 10 coupled to an encl osed space within a

cont ai neleohdunidtie SHAMMIA SontbRr Broudtire M ARIRLImMEAIEAORS. aAtdreRatiild t 10 i's
configured to maintain a prescribed thermal environnment within the

cont ai nerViEResy eonynunieaippiran AChilc ORE PTOBE Tk RSYCvr ORI ¢rePr @oredl t he
transpor tgob @ FdagerAkdeARr, WidiooHPradR (EARRRGE edNaGPIn&i§RthsLfivd-ap cont ai ner

it
12. Alternatively, the transport refrigeration unit 10 can be coupled to a
prescr i be¥MOXi(B20k) miiatransehevenr Reppeasive dornghien eilldecdpy rehwiccentoaisher 12,

The trangpogd us%@ﬁ! i Xr Aah @Bl v3Q c81ﬁ{b119§% g(;#gror%riioﬂsd&)ﬁfpoﬁ&{ts @t a first

tenperature and to aust al at“a second t erature. n one enbodi nent,
t he exhaustspaitreffipgatidnhmittlOabs@erembodireng ematt¢ gnsan?@, 22024wiah mopgommar ner

than the | C i ch t.hat the transport refrjgeration unit 10 is
erpt oyed P UUHEL AL R E NI «bOR SPRERRREH of B BKE®Cmbodi ment . ¢ he
exhaust air fromthe transport refrigeration unit 10 will be cooler than

t he i ndudf@4@l ai rln sucémbddanent.hlee Eemarspasot 24 efnrbe derrcatgogempendtere 10 apd caanpl oyed

10 000 W08 A TSRSl B R AOPIRRIE N A gy on o

ont al ner aving ‘are ure Tr
(e.g., filisstotenpelcatbinglanspvd refcigenagon aiir 10tpwotidhe adondmifrer deliethavi ng a

supply tenperature.Ts ....second .tenperature). [0022]1n aone enbodi nent,
©her suppror brerEi e e TR S A RT L Bl g0 S8 Gt P s e

usi ng r empotigos@NSOrBtazidr 124Alddhdteeinavhanalapspoidrefrigeanapatid 10redvideggar at i on
unit 10 can_i ncl ude one or ret erature sensors to determ ne and
Lransm t QIHEOT QPR FERBEP (7 8PP B or e He et paPgle FpRle FAsE L HEsOF .

[ 0023] A toamspolotatédd hirge baddn®besitnt enbrkQdhteaimedal, é réh@o@isénswd Z0cagoat rol | ed
tenperature, humdity or/and species concentration intqo an encl osed chanber
wher e Ca,péqqueg a3 pysutpndy thy cauaiper I2dphgsihigem ¢ suppRsduch SRt INgE skil | ed in
the art, r&fhgerﬁtﬁ(ﬁﬂﬁlﬁ}qm refrigeration system 100 is capable of controlling a
plurality of the environnmental paraneters or all environmental paraneters
wi thin corresponding ranges with a great deal of variety of cargos and
under al II%¢4/hes ‘%?Shg%}rbfﬁﬁ' &dhans seRdmeng SRAFrALY ShEsets synseraY ébaa singl e
renote sepsac20 2ancda®e Pu inlothOcoh@i i 1 M¥AS & sure cargo temperature for cargo

whose environmental conditions are to be controlled by transport refrigeration unit 10. For
multiple remote sensors 20° (20a, 20b, 20c,..., 20n), each of the sensors 20’ can be
independently or directly coupled in communication with transport refrigeration unit 10.
However, embodiments according to the application are not intended to be so limited as other
connection configurations for the remote sensors 20’ can be used. For example, each
sensor’s physical location for multiple remote sensors 20a, 20b, 20c,..., 20n may be mapped
out by peer-to-peer communication, and a single one of the sensors 20’ (e.g., 20c) can collect

and communicate information from all sensors 20’ to the transport refrigeration unit 10.

[0028] For multiple cargo temperature sensors, various locations may be used. For
example, randomly distributed locations for the remote cargo sensors 20’ can be used.
Alternatively, the remote cargo sensors 20’ can be evenly distributed throughout loaded cargo
or at a periphery of loaded cargo. Further, the remote cargo sensors 20’ can be in direct
contact with, embedded within (e.g., entirely or a probe portion), or indirectly attached

(slightly spaced from) to actual cargo. In one embodiment, at least one sensor of the plurality



environnmental conditions are to be controlled by transport refrigeration
unit 10. Alternatively, a plurality of renote sensors can be positioned in
t he cont avoen111@864bn one enbodi nent, the renote sensor POTABROMA415SEd tO
determ ne a tenperature of a cargo in the container 12. [0025] The transport
refrigeration system 100 can include additional renote sensor 22 and renote
sensor 24 to respectively neasure the return air tenperature Tr and the

supply aiof sdn@sR e at WeBed & rhheSt poirt dpace RRIRLIEONS BRI Iy R+ 0Be redfbie aS known
to one skilled in the art, can conmunicate with main controller through

Wire or WPTISET E5I9r the svRpy PPt Tdp oasempidaneniiiletseens sewentiiheat i ons can
I ncl ude QNRIRY of RO A OLABRSCH JELRI PHGH Do Be Abor Rl Lhaf@lioll Tadi o
transceiver, Bluetooth radio transceiver, GSM GPS radi o transceiver or

W MAX ( 8epfattByst peini spaded awsy Bpmelre supely doestvihgee dchvbbeangatip adebl | ect ed by
remote sensor(s) can be used as input paraneters (e.g., by a controller) to
control  ygiiopus 1§QMPRAGRUePank hat §BRS RPEHbI@HE O8L BhrdsPOh WM doralBn sisfenpne
enbodi ment, renote sensors 20, 22, 24 can nonitor additional criteria such
as huni difssyphowhediles 2. agraemoryralrigenation system 300 kan intlodosleligcstion apdeldi nent |
Lhe el SRRl 2o fARrS 2/ HiciPANIR ul AR SUHIE of SudfilafidBnfifer poat ed at
a point spaced apart fromthe renote sensor 24 providing the supply

t enper at wrae 1Tdcar pothe Bka mpiddor thiamspergatiop or storegf ofiggedsatquomgmicmpd@tupr ovi des
a bottom f t l.l ver em.f I i rodn t nt aj 12, a
Cocat i on PhFThd SRUNELK SUFLE RSl SERluf lnd PABE,ROP, Rl

cont ai nerfrok&h). Ah¢ emmater 2E2 yan indhale ahreacisped vblume 2l 4 fe et transponrstdrage®ipr ovi des

a top front delivery arrangene for.supply air . 0., truck), then a
Single r olvESty B adheBPIBHR R e of BB oot B 1 ocari on. 1
one enbodim®@phere tshiatet] €t e s@REO(e. 2Cintbadnt enoppherd dednddond) gfakd ti on in the
container 12 fLE’ hest froma supply duct for the transport refrigeration
unit 10. PHYIFAS shown in FIG 8, in one enbodinent, a plurality of renote
sensors 20" (20a, 20b, 20c,..., 20n) can be put into the container 12 to
measur e ¢e0399 t dpesfapara@nfmedukal1gas nbrnsksoenw mantihatengpendird ofahs are to
be controlled by tran t refri atjon unjt. 10. For nultiple renote
censors. S000¢datuhis S BOfE conainerSEE Akl kelhingfigmbiuBatesh it el be

i ndependenibbineht, the &€ idryti ot 10t RERUO L E@hproftomd 118ha Ednaaspicht
refrigeration unit 10. However, enbodinments according to the application
are not ISNTBAEYNY &*he caylepiepiangdd 40 e&%ﬂ%@%%ﬁ%g&@%&?&ﬁﬁ%%m ations for

the rendteeyReisRTm 228, andarolgolusesh. For exanpl e, each sensor's physi cal
| ocation for nultiple renpte sensors 20a, 20b, 20c,..., 20n may be mapped

out by p -t 0-peer communj cati on, and i ngle ope of the sepsors 20
(e.g., 2§§(§31ian CPRRESSShel &8 H‘i"?é%’f’%‘%i ﬁ%fe&gphﬁsﬁe%ﬁtnf?ld’r%wﬁi’ FISERsEfs 20" to
the transpafile pblaicd€h 3bis@At $poéd THE cohPRA8H F¥ mibd 4 Rt@ @aiheRsdrauper at ur e
sensors, various Jocations nmay be used. For exanple, randomy distributed

| ocat i ongsfofexemBleaariofl oRpreHor wiable gowa%ﬁﬁoﬂ@rﬁ§é@f SHpewt- MY vel y, the
rendte carg@e 1RNSHeSradborGeRighai&VERky b $dqulrbuti&didahprug et aliqaded cargo
or at a periphery of |oaded cargo. Further, the renote cargo sensors 20
can be i redprmseied ponroarst suaPbHiniépssbrien suih dviamopneal gommeretal paver sgivicg, pr obe
por ti on) ,u, QL ebnBARRRE bdnbr-Bbh 4SREFH (S lshighddy, §?&Qﬁ%rf(g. PMhiedePoddblaliR] orcargo. In
one enbodi nent, at |east one sensor of the plrurality of sensors 20" is

| ocat ed dlte lfkgr t hest point spaced away fromthe supply duct or the renote
sensor 24 for the supply tenperature Ts. In one enbodi ment at |east one
sensor OfjpdPN¢ PlEabideHsePhead ERBMRr &l 200 ah BEH kRN Blco@leEb @RLRHePOSI Ti 0N
above the floor of the container 12 at farthest point spaced away fromthe
suppl y doett ofhe cempressgal 1 & élﬂ]g@vz;p@rqtqjé)g@@xchanger unit 226 can be operatively

coupled to an input port of the compressor 218. An expansion valve 230 can be connected
between an output of the condenser heat exchanger unit 222 and an input of the evaporator

heat exchanger unit 226.



[0029]FIG 2 is a diagramthat shows an enbodi ment of a transport
refrigeration system As shown in FIG 2, a transport refrigeration system
200 can iwol2odeose4pef ri gerati on nmodul e 210 coupl ed t 0o aPCOAISaI 0115322,

whi ch can be used with a trailer, an internodal container, a train railcar
or the like, used for the transportation or storage of goods requiring a
tenperature controlled environnent, such as, for exanple foodstuffs and

nedi ci negod38 9. . THRRbARRRPEA 204 fd RZRRBikioncliNG dGQNLAKIR GFcarltS@B | Ncl ude an
encl osed vol une 214 for the transport/storage of such goods. The encl osed

vol ume 2FANdeRser Beat srrhawaer vy edh2s JAe air KESAThigo hd wpdanp@ianat dhssphétre i sol at ed
f rom t he ,at$hARntoSedirom AERIERA &%M%%‘Tﬁﬁﬁn fife c&%gée} h@RScn@iget iy, CONt ai ner

212. [0030] The refrigeration nodule 210 is |located so as to maintain the

t enper at #2e& of the encl osed vol une 214 of the container 212 within a
predefined tenperature range. In one enbodinent, the refrigeration nodul e

210 can ingdsyde 18 COMRILS I 22818n b@pGRIAENS WHireNEALIrRRERNRHAEthUNI T 222, &
condenser fan 224, an evaporation heat exchanger unit 226, an evaporation

fan 228, cxndrasion bpat exibpeger pBO226; 08 YapREE daptBsspbe Pegedand dyelcphewrsr ed by
three phasg &l.eEhE L @&%g&’é{e&mﬁﬂl@ cfi@lsed fv&‘hm%%m?% e cARERALSE2 Bfy o?w const ant
may conp , foO

speed. The conpressor e a scrol ressor, such as r exanpl e
a scrol | codnfinests e caymidiaiiie2I0r@miGat thesre@ooirar atdsohesfrf@y vhtuse, New
York, USA,,bh rthreﬁ%§a1%1%err Gl bhgenal isQHeré%erSme%F}%n{ §AULT 63 o &L cal  power
from and 'dan be connected to & power supply uni not §homﬁ3 such as a
nor mal coommeraualirpawss ciselawideathirathe endl@edadluipodet ofgenenainconlspst em (e. g.

shi pboar enerat or .(.e. a., diesel nerator) or the like. [0032] The
condenseﬁaﬁgg% g%@ﬁ%‘ﬁéﬁ&ﬁﬁggoﬁgiwglﬁ”%g'operatively coupl ed to a discharge
port of the conpressor 218. The evaporator heat exchanger unit 226 can be

oper at i vé0335¢ ouplhedottmllan230rspelt asplor txapfpld, hMicoipnkeldd 8r cadirBller Amaikklsansi on
val ve 23Q c be connect ed bet we a u t of the condenser heat

exchanger™ I 1T S4I R AR oo et Ao r s bRl E e 226
WO 2011/ @OBH#NHNSECTT 3 B2 bdedet 532 U 0H3RY The vaprdernse22d afhe 224iratian2ite
positioned to d%rec an air_ streamonto thaégondenser heat exchanger unit

222. The &7 PC SPFRYR 1 BAHES FORENOR MOl 255 1P YR 4 RIHERY o be renpved
from t he cad@narht @igl, eherdilicadiromnicht) withirethe etteas eluhieat4 exteha@ngater uni t 222,

212. The controller 250 can maintain the predetermined environment by selectively
controlling operations of the refrigeration module 210 or by controlling one or more
components of a transport refrigeration system. In one embodiment, the controller 250 can
generate and/or maintain the predetermined environment by selectively controlling operations
of the compressor 218, the condenser fan 224, and the evaporator fan 228. For example, if
increased cooling of the enclosed volume 214 is required, the electronic controller 250 can
increase electrical power to the compressor 218, the condenser fan 224, and the evaporator
fan 228. In one embodiment, an economy mode of operation of the refrigeration module 210
can be controlled by the controller 250. In another embodiment, variable speeds of
components of the refrigeration module 210 can be adjusted by the controller 250. In another
embodiment, a full cooling mode for components of the refrigeration module 210 can be
controlled by the controller 250. In one embodiment, the controller 250 can adjust a flow of

coolant supplied to the compressor 216.

[0036] An embodiment of a method of operating a transport refrigeration system
according to the application will now be described. The method embodiment shown in FIG.

3, can be implemented in and will be described using a transport refrigeration system



[ 0034] The evaporator fan 228 can be positioned to direct an air streamonto
t he evaporation heat exchanger unit 226. The evaporator fan 228 can be

| ocat ed awo 2duced9so as to circulate the air contai nedPairtuszeroohessencl osed
vol une 214 of the container 212. In one enbodi nent, the evaporator fan 230
can direct the streamof air across the surface of the evaporator heat
exchanger unit 226. Heat is thereby renoved fromthe air, and the reduced

t enper at YpBodihlenCRABWR e B S U A8, 1k LA thBoBRCAGS RS iMAHMI® Khfhieh t he
contai ner 212 to lower the tenperature of the enclosed vol une 214.

[ 0035] Théhedtrol I er 250 such as, for exanple, a McroLink.TM 2i controller
avail able from Carrier Corporation of Syracuse, New York, USA can be

el ectri cabdar) coneabeelid Gt BarCPIPOESS Khrts? &&m&@earg&@q@a%&n%eﬁbh%4 and/ or
the evaporator fan 228. The controller 250 can be confi gured to operate the

ref ri ger AAMRSHVS §G8-e TQ100RGNGAPPRrai R bAock 3ee t Ide i g metn IO RPRsAE (e. g. |

t her mal %h‘dhfg%ﬁ@@&&mﬁ%édhb Qc&%p@ﬂ@lﬁlg%fé&e& QhITE: rgﬂg‘é 8%, Ie%eﬁ%é ?1)”er 212.
The controll ér 250 can maintain the predeterm ned environnent

sel ect i vé‘PI%Pf%@h blosk B1hg Iro@ereathoeﬁ@nbwhﬁm@e RGP eRsERIcnE rwﬂalellele@marbr by
control lip n [Wo T tem In
one. enbod] RART TRl ATRADAZEG Al AR BN L AR B L B P

predet er mfnedatenmyﬁtemmlter@y(os@he@tblm 3)20)3 dotherglidei amgoropepetinglshasfs t he
conpr ess n For
exanpl e, %D%g%ﬁxf:err é%g ?Ig%g &%asa%ﬂ %%ﬁmo %S{E} dg?p%&%mg&% kgﬁpeg%?nr ed, the
el ect romeﬁh@@pemmm ®iocRB00 mmperanomséﬂm 380 eohtrélcan juppviack tocrepdaedkyorrpr essor
218, the condenser and t orator.fa 2 I nbodi nent ,
2n econoiyitons it 2o MiRERRRG Bt a8 Piiis De8iEu b

control | @tbchby enthe control | er 250. In another enbodi ment, variable speeds of
conponent s of the refri gerati on nodul e 210 can be adj usted by the

controll n ther BNt i.ng_node for conponent s
of the rﬁ?. ger aAfI} Oh (ram u tg(():an bra?n I}SP elgrfzg%f et &Gt ol ler 250. In
one enbocibcrmahhg totth@appdlﬁzttfoﬂ|vd1h‘,h0\25€)d£saﬂbe@ldTInES[hethocf émiwdﬂﬁencsim)lmnh FRupplied to

t he conpr,ess ﬂ% ?(1 %9 ﬁ]gbg t of a method .of ooperatln a

t ranspor t+ F& |“§18 LepEhnAPd el e ecsfﬁ‘ A" 8 UAREOL FRTEEHMSH A T now be
descri bedmbdhigmentshbon uEIFIGOdIhmIatlerSﬂhemmoﬂ emb&alim3nt i€ AR iMénded RTRAitead i n and
wi |l be described using a transport refrigeration system enbodi nent shown
in FIG 3*ff¥wever, the nmethod embodinment is not intended to be limted

t hereby. [0037] As shown in FIG 3, after a process starts, a renote cargo
sensor r¢a@ong uchows ird MEP&radidetis proé@s glats, Iee)mdtecaign @hmcﬂenﬁpepﬁrratrbon bl ock
305). Then, the renote car, 80 sensor ad| n% can be conpar. eq

correspo ﬁﬂ‘fhrﬂj CUSP HORSERIYG I Sanphe Croglrl?@r@ (%a reSRODARE MBRY, EeRiy ( oper ation

bl ock 31@6)mpe'rﬂu1@@:ﬁ1g@ﬂb@;ﬁ:leﬁﬁﬂlt) (ometnorimcmﬁoptwmatheﬁerm@@go dep@ding is |ess
than or equal to the selected value or within a selected range, a power

savi ngs ABYEZdf net 14sp K8 Borauakiefhe hwrrst K vaseanpling moea adrawpRr at i on

bl ock 32QfrigLhfiGT MbRS 21BRuaPRT AT 061 nfPRER dhRald (bferftPh b?ocEQQ@r InSG¥l Ngs node
such as a full cool node is entered (ogeratlon b ock 330 romeither

oper at i o8bpiligERt, he goglingapnsle at ¢ngvied figr & Eret BREFTbebHDP b @WE‘PM‘?H!} thalsild t o

repeat edl.y, Qhidic i BN« GRRE Brekdiped %ﬂ%%ﬁmﬁ@ﬁrgg 1§§R1%ﬁi¥oréc€t@%89tuﬁé3(9 grations
bl ocks 305, 310) until the process en An enbodi nent of met hod of

oper ati ng calt, Tahspdihen, rtl@fmmgercaltgpewselytsmmmta@chmmgantb@ comearacwm cation

{pl emonteie v o an et 1bg FELARRERP AR R PR WA TR on system
enbodi meVhaihbwremore détg@selzsor he@dmg/srgreatem éangidibwentiod ivateata firg enatoniynt ended
to be I rrrlll()td% ((j)f Ehe rregst]))xrt refrigeration module 210 can be entered (operation block 430). In one

embodiment, the first economy mode is entered for a second prescribed time t2. In the first

economy mode, when an elapsed time is determined to be greater than the second prescribed

time t2 or a current remote cargo sensor temperature Tc’ is determined to be greater than T

upper limit, the first economy mode can be exited (operation block 435).



[ 0039] As shown in FIG 4, after a process starts, a renote cargo sensor
tenperature Tc' such as cargo tenperature Tc can be conpared to a
correspomniDnregiupppap |imt of a tenperature range (T uppecTiusaemp4(58per ati on
bl ock 410). When the renote cargo sensor reading is not |ess than or equal
to the T upper limt value, a cooling node of a transport refrigeration
nodul e 210 such as a full cool node is entered (operation block 420). In
one embodpm@nt , Wha tﬁ@f&ﬂof&:a@(iendoﬁreemhgfseféteh%e@tofuen@sg (HAh@RCr joked time t
1. Alternatively, the full cool npbde can be entered for a prescribed
t enper at dinEt ylysg opasatpn ek ¢ et sacerrepaguy modeofghe trapgportmelrigprativy) . Then,
the 1 eMieGRA0 AP Gerd ABRELAIIGK 10 8 U Bn bRt GRIRALE d Loy
corresponding lower limt of the tenperature range (T lower Iimt)
(oper at i awpdplioukraigyr a Wie presdrded Emptd @a@g@Weeﬁe@ﬁmwea@kn@hmemgreater t han
the T I owel Jy t r
ot ri ger arpe Mtia Bt s b b ARAPARARAR Md i SRR 5B mpsone
enbodlnemwgoshEOﬁmM@@BWEﬁﬁbﬁbevuewdsﬂenﬂemethdhq@m@emmmmz@x@gbr|bed tinme
In thﬁmﬁ;r%ﬁxﬁ%gggg%upgggkmﬁge&089¢E$apsed time is determned to be
greater than the second 2 or a current renote cargo sensor
tenperature Tc' is deternlned to be greater than T upper limt, the first
econonmny d@@@]caﬁ%@BGEMﬁDEdMQEQQKQKﬂﬁhﬂbWQQKM$$5¥k4WDWmmlHB(bwnnmai
2011/ 008 0/ 04 ] reading is
determng]%gﬁ1 %é%éfg‘%ﬁag é % &ﬁﬁ% &ﬁﬁ?n§g¥%%3§or%$3§ﬁggggfock 415), a
second edhhnwwenhdgnaﬁsthﬁmﬂ(@nsmonbkmbﬂﬂnghrmeemMmhmdmbéa@&wodaﬁ be

entered (operation blo the s nd _ecaonomy node
o oper arBaroy e el iy 06 SRS IR ine OB SREPBERER) ot

when an etmpede compaed ® adeleetdrvmeding dcrly@rqiire ainge, Hul@er, thheenh(he cadgcpr escri bed
time t3 or a current renote e?(go sensor t@ggﬁratuwﬁgé» g ternined to
be great F™PHAATRE GHIPE AT [ aaRIE diFHC othy™ ycrﬁ YeRited

(oper at i @Redrb@6Hce Hékconi ML Jobéraigah ki efonoRG hdkde NS, Bt AfskedBOmPmoaper at i ons

bl ock 445, when it is determned that the refrigeration nodule is
oper at i n§T TESHROPE PCRamY Madp)- icRrding o praabadimenis o Be wrlission cehafligese, t he

process ealrgo SRAaGRAEAD O et Ofdfg A& Dowet By @ﬂeeaueg‘apﬂi d¥BRYmPhod WRichod of
operating a transport refrigeration unit of FIG 4, the renote cargo sensor
readi ng cRHCHE OF BISEALBYAIMAE Ipar B0IIRes) b captosutlo nepableizaglstia Hpsitat ur e
range. Further, the renote cargo sensor reading can be determ ned, for

exanpl e, (@i odllﬁalelembo&ﬂem SHGA, |thé,f1r§@|@&ﬁ)h%dhb(ded?'ihecsb&ﬁlh@ﬁ'orﬁﬁﬁe per
second whil e operatlng in an_econo node (e.g., the first econony node or

t he secomPdecthsiiiprsefanodenpicaneri refe&%etﬂnr%w 9P iemabysly, é¥t i on can
utilize Qﬁﬁgﬁdgﬁéﬁﬁ&%ﬁﬁhﬁﬁb&ﬁcBﬁd%9H§%&M@nﬁﬁ@r@Mﬂ@Fﬂﬁ%%%&ﬂ%ﬁuﬂ%erat'ng in
an econony node while reducing or preventin damage (é.g., spoilage) to

car go sucdhrieds thé?.its paadiage didledng yahies peghagh t1< (LOO0U hpwever. sebedingalis gerot of FI G
4, the fifst .86 dergte LA RERNAMYASTPIS 1 5AA RS 1ld {phent nodes
of operaf?hgethe 3£¥??§eratlgﬁmﬁ%§h e 210. teﬁnat?v&f@ ?hebf% st and
second eoehehy nodes coul d be the sanme node. Further, the prescribed tine
periods t 1, t3 can have differing values such as tl< t2< t3, however,
enbodi ”‘9%@43?r e Iﬂgﬁerﬁtﬂﬁletﬂg@gltfoﬂelbﬁo%gn J:dn@i‘of @ reﬁngateﬁ%mhe 21pLescri bed tine
periods ti 2 and may have equal values. [0043]1n operation, the
control | e¢le<2€fbseeafmoemnmnm therpef (.gf thegemaltessenﬂrﬁadwlcen@n@r@n Riswlddlat ed set

of conpo -q. - 0 n Jfan 228, and
t he evap%‘r; Ogart&]t}g%?géb%&tlg aialggsi?%ﬁgs? g(ggltsa %C@%Oée%? Qgg)ﬁaﬁg(lencond node of
oper at i ormbbdimente the whwdilleef0,can h@fltmbapemiOhebaSQcBﬁh gamsiabatempbrappesiat i ons
based on g o} SRSk NS LIIREREKH] &8 (FELAR g RUAINETeadle I 1 Lhe
first node="dnd control oper a ons ase ar e the sup Iy tenperature
Ts and theppiﬁtetnperatlmmearrﬂtthmetuﬁt teimpertatuee ﬁencnlmdsemdenodbOOM] Dur| ng
operations of exenplary enbodi nents of a transport refrigeration system

[0044] During operations of exemplary embodiments of a transport refrigeration system

according to the application, dependent on cargo loading pattern, ambient conditions and/or



according to the application, dependent on cargo | oading pattern, anbient
conditions and/or cargo respiration heat, there are two (2) conditions of
t enper at Wwe 20elmsé4onshi ps where a cargo tenperature Tc eamn/ysee@dstebly or
can accurately control conditions in the container 212 (e.g., a first
node). In one condition, when Ts<Tc<Tr, the cooling and delivery capacity
are sufficient to create uniformdistribution and the first node can be
used. [ 0Q4pbkRpARRhLNeS:, GORdldven2) H&NorkST IdmRAurt I aibasHipswikod @rance) ,
the cooling and delivery capacity are sufficient to create uniform

di stri buti§raperatyrg T HPISPTééEBé’,lY orcap aCCHiIROSANHAk @nditierfa thetcenteinyr 22 (pgcause

Kt oi er anGg;riiSndies "Rlohe cdidfiiof ARG <TKLQ! GE BGRg Qt?tf‘detﬁ@el? cGRRRY ARt such as
2C, 1F, 0.5 C, or 0.25F. Wen Tc is between Ts and Tr (or Tc 1s slightly
hi gher t kafficiPpyto creaie vadoin digriavedngal ihedirgt nelogen bausad.e sufficient to create
uniformdistribution and the first node of operation can be selected. In
the firstosmge, 1hhfodetbi@fmaivhanrmduaT210 Lan. sW hehodifcaRenalerni n a
power savings mode. |In one enbodi nent, the controller 250 can reduce
evapor at GAPEENaIS seldidicnlto grcaiegnilpnn dignbelma. (hdiscors dbislappropgatetyngiuebnt i nue
to nmonitor J6.i firs ) epbodi lLleer 250 can
cont i nueQ('E E)J(rgrrt(): rllj ?%ag%keq“gfmﬁ'%,arggr%g Flr)pﬁxg& lekg:[‘?l‘“'smumr‘“'e t hat &)E:l %ﬁ@??%h(r)a% 2106 or

condi ti o R .5 Csart(.3%F e WheAt isebetvored i Ts kah Tri(oo'c sotightlyihaghepthan dr)stéti sfi ed,

| ow speed gv r.f . . 1,0t ai ] ej re.(or both
conditi oggﬁln%gdﬁglﬂ%lﬁlgw %E%C&r}ﬁg% S&ﬁ%é%%??g? éél .'ﬁffgﬁﬂgﬁgr?u%%nedngﬁ%of(ﬂ’% trrré%{%, when Tc
i s sel ectoédpapaticdetebaneiveddt n the firse pioéds drtrafrigemtitramedhlol Olaap sWitch @and Ts
conparisons (e.g., condition and . Tc. can be co olled at or based on
e portratsh Fope iSRRI Sufthuind. BToRTIRED Shated, b

t er m nat eglapogdict fan geed irtrg hiphde loeaandike @htrelleds0 EarcoaX@igpd monitdrdcdONPr essor
218 can be energjzed in the coolin e, _VWhen Tc beconmes SP-TlimJ]ow, the
AP 1t e g R At B Rt O g T e
exanpl e, tb makd\QirEGANORYtiGOU6: conbiioh 3k daBsfd, WaRRdens@n  @ordddo@nadkor
evaporator fan 228) can be operated at a | ow speed and the conpressor
(e.g., t HelsEisthden sed £Romys T Odetgan E‘bﬂ‘ﬁlr“é”’é%eéPntzl?ztileré%b%‘é“@fjﬁl.omr)n this

exanmpl e, Fhdifddmcans Jhkidied ow can be rising and | owering tenperature error
val ues, respectively. [0047]FIG 6 is a diagramthat shows exenplary

tenperature profiles with respect to tine. For desired or ideal packing and
car go Ioé%‘?“ﬁg, dBPEoeERadHRA R Teds Sieiecngﬂhﬁet%‘ﬂ%é%bet I’I’?Bfe?eé‘ﬁw‘ﬁb%ﬁf

t enper at where ITr, adrd ddepatnk . & dondiBHREr At 25, erc tan bASonsOMM Lt bbdsd®n 6, TC
has flatter slope conpared to Ts and Tr because of greater heat capacity of

cargo rel@eiReant P dyhen TehaeomegHERL Ut SR esenapyeiodesap Batersinasphendei ons of

the refrigarath@R APHULRrdd Qior R AC HRASRPrAGE BT 8EM He@ngized BSe
variability) can result in inproved transport conditions and/or decreased

ener gy cendinggeadsn Whepdic beconres 68EAORN. Iszodoious 3 poeus ErGand thes a
di agram 040,300k PR L GOR | rRXemhiaty th]E %é‘a?l%ﬁl%ffd{d%, {E Bhid, g.,scd?{'déﬂe{ espect
to tinme. As shown in FIG 7/, experinental data’illustrate tenperature

profi | es fwi 14 anfer capgeator EmeR atan be offi@atedataii 1nw peed ehdithe vehpresspate. sconpar ed

o 1 uct vati.n.gfiuf B2 AEUL ARl STRRLLUGE [nR0dubie SHPRLINGR! T

tenperature Wn e cargo erature |n(§i1 remain
bounded Hyint, hev captbgrisingiand toerpeg eipertufe crandalube respgephgly.ai r tenperature Ts
during the experinental period.

[0047] FIG. 6 is a diagram that shows exemplary temperature profiles with respect to
time. For desired or ideal packing and cargo loading, cargo temperature Tc is bound between
the return air temperature Tt and the supply air temperature Ts. As shown in FIG. 6, Tc has
flatter slope compared to Ts and Tr because of greater heat capacity of cargo relative to air.
Thus, when Tc can be used to control operations of the refrigeration module 210, an
increased accuracy (e.g., less variability) can result in improved transport conditions and/or

decreased energy consumption.
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[0049] I n a second node, the controller 250 can control operations of the
refrigeration nodul e 210 based on the return air tenperature Tr and the
supply aiwotenpes@vure Ts as known to one skilled in thecams20p00663 FI G 5
is a flowhart that shows an enbodi ment of a nethod of selecting control
paranmeters for operating a transport refrigeration systemaccording to the
application. As shown in FIG 5, after a process starts, the supply

t enper at qmg? S o0 1 RraQkhgwiM itat dhbwd h@RSorkPex@mPRly RRD&huRHrbBIEPRIE@t ur e
(operation block 510). For exanple, the refrigeration nodule 210 can

oper at e i"¢PPECtEOHNE. nAgf showe G & cxaganed iy gluside leawprgrs problkesikhfy whet her
the suppl.y; B%éﬁP&Ea%rHﬁ@rJﬁalﬁlﬁg fegsi %el?r *Pl%ﬂco%%f%'d & ﬁuét%o%oﬁtﬁé‘ﬁéﬁﬁﬂlw €.

[ 0051] Determ ni'ng whet her the su nperature Ts < the SP tenperature is
one exenydrapeyatypaylr pied jhe siepeln mt@mp«tretureeTSr |Pgesh@wm orFlroduhecapgoemperaipesr at i ng
accur at el 1 j td ating
properly 1% gidYeh] BOttianrldea g?%’?i% %ﬁ%ﬂg&@&gtﬁe{ﬂ aggtli:lgenst ?IQY ngge&ngﬁ%lg??g or the
refri geraltmnmthﬁbmﬂlelemahpebied.det erm ned. In one enbodi ment, the control
paranmeter can be sel ected between (a) the supply tenperature Ts and the
return t at t : erature
To oan ba bohparad rand el e R O L o D P s Tuo
val ues arn@odule@sl@ basgd en Herretbin émhemkcrratgrel Tr ah@’the Fepply aiatenperian€easval ue
(operati C a result of operation block 515 is affirmative,
t he cont(r?% I:l)g)r aﬁg%‘g%d%llor e controller 250 can be at |east the cargo

tenperature Tc (operation block 520). Wen a result of operation block is
negat i ve [0@0é ceFﬂ@oS serfpeicharuthet siewgsamerhrodoaenp aff aethed oftvelegtatgpontrol

t enper at hSEI%mE f(b;%gagﬁﬁ‘g‘&ﬁ %‘8& Iéfﬁgéﬁth&%gﬁérﬁ%ﬁ%&]da% tgctlll(e a}%ﬁ%ano}{\hﬁp a result

of operation ative ontro
cont r ol | eho2bd Fd@nS laéeltdmoc%mmr;s o duppdt wmperh@ngpie nehiwred uiig it dfopstoper at i on

bl ock 5302} eraSE%J Wen a,res rg(’grlegn bll ot%kre r§5€r Itl%n%irOd leg%l ve, the

supply té ure %auzlarﬁ peﬁglo%glpﬁ%gﬁ)grrpera u e conpared to

det er m neambgtrhein akooknghnodeopl@teatpearedlylod plrichida)ly chdbleing avheatthd supplyoper at i on

bl ock 535 i ffirmat t f th troll 250
e at | oRH AW Aot s e P BFPET | on bl ock 520) . Wien a resul

of operation block 535 is negative, operations of the sensors are checked
and cont fad51j unpkt@mﬁkngwh@lpmﬂ&tshpmy Ehgpekatbd Os <AdetSePrta1apémtefeyis omhen a result
of operatl on .bl ock m nat.e condi

an i
caused by BRIy Bilst B ERRusrGoR B 2AT D SRR bedtih e
contr o: | eleteRbidle @il fadifigcaion pait &f @peratih O PropdriyneQn @ftﬁfdlpelghdimmlbck sWogna t he
control paraneter is_ t rature, control based on cargo
t enper at EP‘&F gragFienipr Qﬁéef?% rﬁﬁlwngcfﬁl%%n%é?f?‘émé% TP 8oy HP‘?W’&@& go
t enper at wbfrol patafe@r canWe sEleAle@bdOde@(@NBEJuppH 3 RRFa1OE TRRADNBIrANIMAY ai I
tenperature. Control based on car %o tenperature Tc can dramatical ly reduce
fuel usad@REIE 1pPEDS GCAIGO LARRGE ‘t{Eraﬂlet RIS lOBBAIPTY Grfen Brtdenasdde of the
refriger atd @RrtRinberhrd Br 8 deci @SwRARMhebdtwolvVeaueLdre cfof€together by checking

if [Tr-Tcl < a tolerance value (operation block 515). When a result of operation block 515 is
affirmative, the control parameter for the controller 250 can be at least the cargo temperature
Tc (operation block 520). When a result of operation block is negative, the cargo
temperature Tc can be compared to the return temperature It to judge whether Te<Tr
(operation block 520). When a result of operation block 525 is negative, the control
parameter for the controller 250 can be the supply and return temperatures T's, Tr (operation

block 530).

[0052] When a result of operation block 525 is affirmative, the supply temperature Ts

and the cargo temperature Tc can be compared to determine whether Ts < Tc (operation
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condenser fan 224 is replaced by a first circulating fluid heat exchanger
102 and the evaporator fan 228 is replaced by a second circulating fluid
heat exchwioger/q8e9 The first circulating fluid heat exebharusesod@B3zan be
thermal |y coupled to the condenser heat exchanger unit 222 to renove heat
fromthe coolant and transfer the heat to a second circulating fluid. The
second circulating fluid heat exchanger 104 can be thermally coupled to the

evapor at @locR83%). axERAANBRWN bperdZfR iR KISE 8RS @i khd ofid1Patalticled foriecul ati ng
fluid within the second circulating fluid heat exchanger 104 to the cool ant

wi t hin t KenEYiapdilap e Adaist BR eHan e Pariwe 2EPepoesPd 1RouYherissd! rrent s of
the appliqg e]%ér%n%@aeﬁ SPRGELARE, &pgﬁugfsrmm% ERLBArSAREN oS GRRARNG: Of
nonitoring nperature of The cargo (e.g., directly or indirectly),

enbodi nmeraek tofopereonapenki d At Nmrnatn\@lm (vythen nteewtielbpertipeblogk $35rmh negdliveFor

exanpl e, n fr@y t 0 Lalner

char act eral}lgﬁef:egl@%tgﬁ&gc{sl umE ’%8{36 plgg%?sﬁoggﬁggﬂﬁ(gtcﬁﬁﬁ%ec% .b ?Bgtgf,?édcoz,

et hanol , tNhe comtralle230i dad/py am@egmorr espiration, or simlar anbient conditions
out side the container. Such nonitoring can result in controlling (e.g., by
t he contr r

char acter[?d's*?c t% gg'tl)é)&%l%%or%ng%% g%[& é)gp(\%i;b%ﬁg% g)e? S\k{l t %m@ﬁlg& tg%t e tr? 1ange as
known t o bewed ogkiuigh édnpieratirh eappiiow thrrefeig@cmqmnemocluﬂe A 0comalngaetargeer e t oo hi gh
inthe c ! [ e encl osed
vol une o? é}ﬁa?% I%Tcgy‘% gfﬁ R@H(P;Zm%e Cﬁgktrfl?egm@?n%sa%é%ﬁ er%fer e Ogtp(gr opri ate
agai n. \WBecdOhTAQ08HRRGET USR2010GAQ4LEBRrel 025641 Dempe mhiit perevinf cago econony
node of gqﬁelr ation of a component of the transport refrigeration system 100,
a conpon tf the refri geration nodule 210 or controlled by the controller
250 have been variously described herein. Enbodi nents of the application
are not i[@ﬁSéﬂ\deanme debddimdnt eldtht e:liagespiooiuhit ¢0 G g. sisnlydven 'm(ftbﬁohythm)de of
operat i O ond2 enser an e22'4r1]str%p ace, t%f{r %l E:‘lclatl m}? dsheape chgnegrufq% ang [.dy Or power
consunption suc but not tedt I](g operatin & evaporation
fan 228 ambofnp@rfaﬁ Mﬁﬁgs tdpelcal/l@pa)sreacbndmircﬁlaum@tﬂumhme dwbatges wecrhe (tiirdt )

operating.the. ev rati o t he c nden fan 224 and conpressor 218
oF °at eagitise T She8RnbENC Ry pe iRl “SHho Mite kst Mrun 208t he
condenserfexémango? Adit aThoGanPeassfon2kd coslaht hdualsley tRmehto aerbhdat i on at a
vari abl e speed; (iv). _turnin %lroff t he refrlgeration nmodul e 210 or turning

of f the é%‘ﬂﬂﬁnét %‘h Fheryeorg Uirguiing SlifialrChaagcripa cahly Bt esepicd218, (v)

etc. [ 00%dhAeohoditdttheh@xEIRAMMIIENE S0 @inste Bead BB A8trd Ofvulading GORLALERAT O
sensor value is input to the transport refrlgleratl on system 200, the

t r anspor theseendgardtngluishbrat exchangep0diip e caplantayifhet tho SCRPPEIE SRy ol

oper at i oRg.HaheAtnid 28st one conponent of the transport refrigeration system
responsive to the received or input renpte cargo sensor value to reduce
power consunﬁel on or provide inprovenent in transgort conditions for cargo.

[0058] Ent e nt/Sthgpet qebodpnisd thegiplcpiian bavedessabed the BangesaEs 1 eior h

r ef er enceg tadle e AoniRFAR Wik Rike LY 6 ch8ate. £XHERBMOS indifdMPYV&hbodaitiRdi NeNt s
of the application are not intended to be so limted. For exanple,

embodi merf thefpplifatigise petanterslsd fmle wdingitsdf Faggraeple.chaismols caEatsesbsor pt i on
type heat, a?&ﬁé}%ﬂ&ﬁer i QRRITRGink &Qﬁ@t‘aﬁéucE &lch O RE AP Rp&YS e AP Rion

illustrated in the figures may be of type
(e.g., O,, CO,, ethanol, Ny, or the like), cargo resplratlon or similar ambient conditions

outside the container. Such monitoring can result in controlling (e.g., by the controller 250 or
refrigeration module 210) the monitored characteristic to be below a selected value or within
a selected range as known to one skilled in the art. For example, if a CO; level were too high
in the container, outside atmosphere can replace a portion of the enclosed volume of air to

reduce the CO; level until it is considered appropriate again.
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commonly enployed on refrigerated trailers and/or for use with containers
12. Exenplary containers 12 described herein nay be towed by a sem -truck
for road woansypwsds9 However, those having ordinary skil IPCIrruseéne/oarss2 wi | |

appreci ate that an exenplary container according to the application is not
limted to such trailers and may enconpass, by way of exanple only and not
by way of limtation, trailers adapted for piggy-back use, railroad cars,

and cont qlb@s%;[ baslisasrieANSraRRLSHoBE e of BRGaRRGT 8 8empsHeNd dtehe TAQRR Wth the

increase of fuel cost, there is increasing demand to reduce or mnimze
pover CcoASTATRIGHYHFTHOM coBmpRORPShaErEsraion gedrict)0 of gonirpliedrtyitet ed art,
tenper at Up& iRty OQlﬁgi t@é&g ?Qri&iﬁfy‘%fegﬂﬁ%g&ihé%éﬁn.r E%n"ﬁf)éﬂnéﬂ@ bPihe SHARAYon%rd ntENSOr'S.

Usual Iy, specific cargo 1s greater an air, therefore cargo

t enper at urtended tp elamigpd te b opvsiticton ainglaicgonomypeadatof prer{twngbut aregpippled tand
t i . .at di t
return allﬁClﬁCE?PQ{%%?‘&lWl‘g ce eﬁ%ﬁ’%{l 6r?d0§/leg?(1%gl\ll{/9ﬂloﬁ§[l&oastbﬁ?%?zi)lgltit?(g fo @ccorading to

enbodi nents o e applicati nit start/st
mai nt ai n/opemiitoenlcée goeppeapefat’ds endwichiting tholceapamion ifanstt @ adluodd speed,

mai nt ai ni r. itQrin i.r r re. Thi n dr t] reduce fuel
usage \A/ni(]{bg({p}:r%?a gusl rSieﬁ%ogng %%a%;ﬂg% tlﬁl(% §O.n%flbgﬁgf§6\%€?nél T ﬁ‘g% Bsrogg(i,\én%aﬁ nvention has
been descedubatonidw kpeeéf(ei) epaeatingahaevapobern faf 23§ del dondensnrbodidends, it wl |

be understood that, the true spirit and scope of the.inventi shoul d be
det er mi néBmBWF%?rgigﬁﬂder@%ﬂE‘/c‘f“ OB At RIS PSS ’%06?)‘8%8@&%‘9 the present
speci f i cadfrigeratidnihddudy 210w kdring BFf TheeR b ptaich a3 hek ebmicndee rai2ns ayst ens and
appar at uses and thqods are described as having a certain nunber of

el errentsCP?pW%OFgﬁge(‘ﬁﬁfferstood t hat such systens, apparatuses and met hods
can be practiced with fewer than the nentioned certain nunber of elenents.
Al so, whi[0@&7a nurderdim@fio pabddimertast teeipgticaion] Srehaie atyeaenseetaldeds toput 1t Wi | |

be understood that features and pects that have been described with
ot or ancad 16 Sabn SR e LAY S AD R e T B CHORRT G DO ermi nf ng

par ti cul abhtyolB£2L50F 10 Lbhirct biesione bt at leaon€bdhPpdnent of the thanspdritréRiRsiaGEH
refrigeration unit for reqgulating the tenperature of an_encl osed vol une,
t he transSpdie IsRITIVGE: e F%ﬁ“’?fh‘i’rtm%%ﬁ‘qt%?%%‘? sensor valge FoerF‘il”rcﬁéP‘éﬁri on nodul e

oper at i vebysufPHh &hrbRdS@ptovenichias aanpet UoRlitiohtdd ch@br i ger ati on nodul e
i ncl udi ng: a supply port to output air to said enclosed volune at a

supply te rature; a return port to return air fromtao said encl osed
Vol U t SOERE r dirogiireaiy o herpgakfedonhavs bpey dsssibee AR At tirelorence 0 a

heat evaporation type heat exchanger. However, embodiments of the application are not
intended to be so limited. For example, embodiment of the application may be configured to

use a heat absorption type heat exchanger.

[0059] The transport refrigeration system 100 illustrated in the figures may be of the type
commonly employed on refrigerated trailers and/or for use with containers 12. Exemplary
containers 12 described herein may be towed by a semi-truck for road transport. However,
those having ordinary skill in the art will appreciate that an exemplary container according to
the application is not limited to such trailers and may encompass, by way of example only
and not by way of limitation, trailers adapted for piggy-back use, railroad cars, and container

bodies contemplated for land and sea service.

[0060] With the increase of fuel cost, there is increasing demand to reduce or minimize
power consumption without compromising cargo quality. In the related art, temperature
control can be determined by return and/or supply air sensors. Usually, specific heat of cargo

is greater than air, therefore cargo temperature can change slower than air temperature (e.g.,
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at | east one cargo tenperature sensor unit to provide a cargo tenperature;
and a controller coupled to regulate the operation of said refrigeration
nodul e r espansl/oses490 sai d cargo tenperature. 2. TRETIUSANSPOISB2
refrigeration unit of claim1, said controller to selectively operate said
refrigeration nodule in a first node of operation or in a second node of
operation responsive to said cargo tenperature. 3. The transport
refriger atpNaddintetunPdir €hdéutes). S@ntoLRRET & daBlo tRpSRLRGLENGhY (wPerat e said
refrigeration nodule in said first node of operation responsive to said
suppl y t erpedisrnr ef hparaligpépnrmatialle et e &t Qprie maintain/mogitorpaEgot r anspor t
refri ger abh QRO okl deadFnthi G ARRG AldnRbrid QS ehBGALNC iiaggrat e sal d
refrigeration nodul e responsive to said Cargo tenperature when said cargo
t enper at wWramatisalifgreduse fye] usghe whilTrresesvisg¢agdgosquaplyy t enperature, Tr is said
return tenperature and Tc is said cargo tenperature. 5. The transport
refrigerapd@an Unvhildhe fle@nMinlent®Rh Ren 1&2I8IANG CRIGC AREIHRI M € sensor
to include a plurality of cargo tenperature sensor units, wherein a first
car go t enpreifzapbedieantsoit withbg undsrsied ithal hadige spirigand 2eQps ophsiimveporaway from

said su - i t ' | ' claim5,
p@hé{llcpger determined onl?l WIEB spel @O eRRS th%%]:n{ Begs%hgéd{e(a%y s C]gesgflt

said first cargo tenperature sensor unit positio at “a rgo position

hor i zont apdoyficdiiet. dirthemehiemtnugatduy catesheant wherom sggends suppbarapes and 7.
The tr an%’?e%otds Er%fdléécgig&%slhgningQlcérta%{ nl%&l ot éllemé @ igw?l} be! §idR k0B thal ﬁl’&:go
tenperature sensor 1s w rel essl y connect ed or has'a W red connection to the

ref ri ger aydtons, appuHuees a2l £Q0B6AARCTd WiS2 @1t ddA Bi8 2nentioned ceiBain The

transport refrigeration.unit. of claim1l .said refrigeration e
et udi g B EPERLC R Y nURL I R S SR AR TR
condenserwiheéatindxtddnige featnéstand pgieak thaehaye bewnpleadibtd wihrderdh@aehadcge port;

an evaporator. heat exchanger upit operativel 0 ed to sajd . input port;
P particular em od?ment can eusecp with ea%ﬁ remaining gargc lllﬁiy set ftorth emiaodimeIPt. P '
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a condenser fan di sposed proximte to said condenser heat exchanger unit;
and an evaporator fan di sposed proximate to said evaporator heat exchanger
uni t, saiwocontesdder to regul ate the operation of sai drPcorgse@ssers32 sai d
condenser fan, and sai d evaporator fan. 9. The transport
refrigeration unit of claiml1, said controller to selectively operate in an
econony node or an operations node responsive to said cargo tenperature in
a second wpRg, AR d controller to selectively operate in the econony node
or the operations node responsive to a return tenperature and a supply
tenperature in a first node.. , .10. The transport refrigeration unit of
cl g}) m 1, wheréin s‘éitr&nsé’t)“Ir%fag‘irat&’i‘ém&é?fgr%‘tbé‘r?ﬁé?ed?‘g%atg@r%c ap g%?sti s for
direct oryojufifdl the GhnpOR RERLIrAdNtRit Qo8RG f or reading said cargo tenperature
for said cargo. 11. The transport refrigeration unit of claiml,

sai d contr ol I aFeffigergppamadaleoppigtivedy equgler 4 sagthensinges] wlyas sy &5iyeertiong
hum di ty,,&@ledR1tEsPi ration, or species concentration of the enclosed
vol ume or anbi ent conditions outside the encl osed vol une. 12. A
refrigeration unitafuwplymegue atpydgirtioaaid engsedyalvae gfa supple painssadevol une,

the refrigeration pnj by, g&%ﬂ%ﬁld"ﬂf from to sa}icﬁen’éf%ggd\.g)ﬁfn?ettjo%rgﬂgglla ofPeratively

coupled to said enclosed volune, said refrigeration np e Including: at
| east one car godtlenperarurcapseisor unit to provide a cargo tenperature; and

a controller coupl gq..L0,QRG! S‘Ee?néa%%imqe ge%fsj&riu%goaéﬂo%e g?%g(l)n%g{;pg{a%ré'ia{&t mode

responsi ve to sai irst teaperature and sal econ uré, said
controll er to operatatsBirdoumdéd logeguatd e opadivhef sad selsgcoiod nmddle r esponsi ve
to said cargo_tenperature. 13. The refrigeration unit of claim 12,
said control | &P¢ Swggqsea R YBPEF St e said refrigeration modul e responsi ve
to said cargo tenperature when said cargo tenperature is

2. The transport refrigeration unit of claim 1, said controller to selectively

operate said refrigeration module in a first mode of operation or in a second mode of

operation responsive to said cargo temperature.

3. The transport refrigeration unit of claim 2, said controller to selectively
operate said refrigeration module in said first mode of operation responsive to said supply

temperature and said return temperature.

4. The transport refrigeration unit of claim 3, said controller to selectively
operate said refrigeration module responsive to said cargo temperature when said cargo
temperature is Ts<Tc<Tr, where Ts is said supply temperature, Tr is said return temperature

and Tc is said cargo temperature.

5. The transport refrigeration unit of claim 1, said at least one cargo temperature
sensor to include a plurality of cargo temperature sensor units, wherein a first cargo

temperature sensor unit is positioned at a cargo position away from said supply port.

6. The transport refrigeration unit of claim 5, said first cargo temperature sensor
unit positioned at a cargo position horizontally distant and vertically distant from said supply

port.

7. The transport refrigeration unit of claim 1, said at least one cargo temperature

sensor is wirelessly connected or has a wired connection to the refrigeration module.
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Ts<Tc<Tr, where Ts is a supply tenperature being said first tenperature, Tr
is areturn tenperature being said second tenperature and Tc is said cargo
t enper at IW®©.2011/00864914. The refrigeration unit of clai m P2T/Usaéid/oats32 east
one cargo tenperature sensor to include a plurality of cargo tenperature
sensor units, wherein a first cargo tenperature sensor unit is positioned
at a cargo position away horizontally and vertically distant from said

first port. g  HR wdsfRtbedealioPREl &lcldd 13sald RNSRALb efifib ger ation unit,
conprising: determining a renote cargo tenperature reading; conparing

sai d remdt@dnEr go tenperature to a correspondi ng sel ected val ue; entering a

pover savi ngs, ipde Qb BRI atcﬁéﬁﬁg%ért£rf%1fa'hiiﬂ§1'ig&jt;0n unit when the renote
cargo tenperature is I n an approxi hation of the selected val ue; and

entering an opeerehssnbeatpgbanger wali aperatizly powlediesaid disshatdeonrtuni t when t he
remte cargo E@é’%ﬁ&&%o&’h&th%tggﬁ%erﬁﬁt5&&&@%3%@5%89m tpdie selected val ue,

wherei n the power savl ng S exite renote cargo tenperature
is not |ess thaondsascdiapdispespondimyge Bekielcvedinyahea exchanger udi.anThe net hod of

cl ai m 15, co r'i%:vsal (I;]Ig.t0§ %En.ddi %8s%tdr 90|x|irg£te Eoosauscf3 elv otrélt\érellle\ét é)xgﬁa{n%%rl urrllgt ssal d
refrigeration unit in sai ¢ power “savi ngs no responsive“to sal d cargo
t enper at upgrodaetwo regilde tapvgoat@npesidtounpresssr, Iad TaxdEnser fshemd sdid i s a supply
t enperature Ir fis a return tenperature and Tc is said renpte cargo
t enper at GY&OTAOT a0 17 “The method of claim 16, conprising determning a
plurality of renote cargo tenperatures, wherein a first cargo tenperature
i s determ ned9f or ‘BhedangmripeSigtiadon eniay chmil zsnt @hniryllandseleetitaleal | y di st ant
fromsai%sutpplxte erature. . . . .

perale’in an economy mode or an 0perat10ns mode responsive to said cargo temperature ma

second mode; said controller to selectively operate in the economy mode or the operations

mode responsive to a return temperature and a supply temperature in a first mode.

10. The transport refrigeration unit of claim 1, wherein said at least one cargo
temperature sensor unit is for direct or indirect connection to a cargo for reading said cargo

temperature for said cargo.

11. The transport refrigeration unit of claim 1, said controller to operate said
refrigeration module responsive to a humidity, cargo respiration, or species concentration of

the enclosed volume or ambient conditions outside the enclosed volume.

12. A refrigeration unit for regulating the temperature of an enclosed volume, the
refrigeration unit comprising:
a refrigeration module operatively coupled to said enclosed volume, said refrigeration
module including:
at least one cargo temperature sensor unit to provide a cargo temperature; and
a controller coupled to operate said refrigeration module in a first mode
responsive to said first temperature and said second temperature, said controller to operate

said refrigeration module in a second mode responsive to said cargo temperature.

13. The refrigeration unit of claim 12, said controller to selectively operate said

refrigeration module responsive to said cargo temperature when said cargo temperature is
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Ts<Tc<Tr, where Ts is a supply temperature being said first temperature, Tr is a return

temperature being said second temperature and 'T'c is said cargo temperature.

14. The refrigeration unit of claim 12, said at least one cargo temperature sensor to
include a plurality of cargo temperature sensor units, wherein a first cargo temperature sensor
unit is positioned at a cargo position away horizontally and vertically distant from said first

port.

15. A method of operating a transport refrigeration unit, comprising:

determining a remote cargo temperature reading;

comparing said remote cargo temperature to a corresponding selected value;

entering a power savings mode of said transport refrigeration unit when the remote
cargo temperature is in an approximation of the selected value; and

entering an operations mode of said transport refrigeration unit when the remote cargo
temperature is out of the approximation of the selected value,

wherein the power saving mode is exited when the remote cargo temperature is not

less than said corresponding selected value.

16. The method of claim 15, comprising said controller to selectively operating
said refrigeration unit in said power savings mode responsive to said cargo temperature when
said cargo temperature is Ts<Tc<Tr, where Ts is a supply temperature, Tr is a return

temperature and Tc is said remote cargo temperature.

17. The method of claim 16, comprising determining a plurality of remote cargo
temperatures, wherein a first cargo temperature is determined for a cargo position away

horizontally and vertically distant from said supply temperature.
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