Detection of CO2 Leakage in a Container Technical Field [0001] This
invention relates generally to transport refrigeration systens and,
more parti WAIZE¥NY13%? 0 a net hod and apparatus for det ectBGIBHSEKBESS
| evel of CO, vapor in a container and providing an indication thereof
to an operator. Background of the Invention [0002] Refrigerated

vehi cl es have | onged been enployed in a wde variety of applications
i ncludi ng the storing and Detedtien phigOpkeakagd in hdlungaineynmodi t i es,
particularly produce such as fruit and vegetabl es, as well as other
peri shabl e foods, including processed and frozen or chilled products
such as ice cileemicgltFieMe |i ke. The refrigerated vehicles contenplated
by the presentghiivent i ef; i al for
road transpor pogir:]d pi gggl-sE@ggff%gg‘%]?‘gf%ﬁ?‘%hg“a?&s‘{ %ﬁ?e%%ﬁ%! ?%@? bodi es
cont enpl at ed sk vosrrdrtigplary éxna wethd and appaitusifer dejeriéng anceessdevegrfy, al |
such refriger @tﬁqaﬁapﬁta%ﬂgi:hérdaﬂ& ﬁrobf&ﬁ&‘dﬁ'ﬁﬂ%c%&l][lhé?edf lﬂ?anﬂiggﬁﬁﬂt

i nvention under "t he genera esignation of refrigerated contai ners or

vehi cl es adapted to receive cargo in a refrigerated space.

[ 0003] Ref ri gegaiiaPhin mgr@qﬁvé‘nﬁ?nsuch refrigerated containers have
general |y used conventional refrigerants in a closed | oop system

whi ch i ncl udet?082] evapoReftigmatedyehiles hivgdongprbbegn pmplayadhiea wislgtvatiaer .

Because of enyj f3ikiRols2hcnURAR! Misting ANIHL QG R P pdrsRil-QeALRaMSs, ( HOFCS)
such as R-22 have been disconti nueé and hydroffourocar bons ( HFCS)

such as R 134Bartigulalypsodycesurh @it apdvagebipseas welkasotisr prishablagopdver |

because of thgsRdSaPR-Q64 nBIRA LALhIRAPERLAS such bis BoGeREamIBS]  abl e
to replace the use of these HFCS with a nore "beni gn" refrigerant

whi ch does nothegFgeaer yehidescengmplted huthg preseapiauension meds dirngl y, t he

use of CO2 hagxnRw, REkWIBerdtdr A IrhdBort B1d piks-bhdk WERAoARARKRS ST ON
systens for refrigerated containers. One characteristijc. of

: [ 0004] On . .
car bon di oxi d&onnes bedigs,copemplaied fog lang apd spq Sepuice ang e dike-t gegydingly,
t enper at ur e apdsdch esnedeita confintrs GOnchRIEd WEIAHK B tredéd Afve RRARARS ik ON
systens are desi ngq, for oper ation in the transcrj ti(?al regi me., This
requires that gffnﬁ%!/ Sighstion of refrigerated copiainesy pryyebirlssadapted (IEEIVE CATBRIR when
operating w t breEgvaditsbasal refrigerants, and special conpressors are

designed for HB%] pur pﬁ&sai%gcrlat?on%rysqglrls ftop suglgr%%%ge%tcgntainers have generally
used conventional refrigerants in a closed loop system which included an evaporator
for cooling the air in the container. Because of environmental concerns,
hydrochloro flourocarbons (HCECS), such as R-22 have been discontinued and
hydroflourocarbons (HFCS), such as R-134a, R-410a and R-407¢ have taken their
place. However, because of these same environmental concerns, it has been
desirable to replace the use of these HFCS with a more “benign” refrigerant which
does not adversely react with the atmosphere, Accordingly, the use of CO, has now
become attractive for use in vapor compression systems for refrigerated containers.
[0604] One characteristic of carbon dioxide as a refrigerant is that it has low
critical temperature and therefore, most CO, refrigerant vapor compression systems
are designed for operation in the transcritical regime. This requires that they operate
at substantially higher pressure then when operating with conventional refrigerants,

and special compressors are designed for that purpose. In order to accommodate



t hese hi gher pressures, the other conponents and tubing nust be

robust in their design. Still, the likelihood of |eakage occurrin
within thi ¥OXYRI?s greater than when operating w t h ZET/GRB0513T7

pressure systemw th conventional refrigerants. [0005] Dependi ng on

where in the systema | eak may occur, the CO2 nay be rel eased to the
outsi de atnosphere or to the inside of the container box. If released
to the insi deth§re higher prgisrigs. therothss compopentcind bhingdiusidedebusbn it r at i on

may create a RRSANKHAtheiHAAKRAAPIK.8¢ SREPHE Hihih Crid W SBATs %fl%_;r kY
enter the container box. Wile the toxicity of CO2%is not likely to
be a probl em MHEOREFHPREbA IMSEPIPSEE SYStOnWithcoavatiprab redigsiaplfen may be

harnful to onggs eri n%e{aéﬁ@in@%ﬂ%&ﬂ@%’( WO Rbtem! dNedic Wy k&P a0 B behas
i ndi cated that the | owest, acceptabl e oxygen concentration for
shift-1ong expdEeRdo b otisids emogpiiereier todhs e die coprigercerpBrelemeki de
concentrat i on e ABAYILT B RRGB PRI §6Xrbon RARL]IRendiien Rhy 6d4HHN

di oxi de sensors within a refrigerant contai ner has been nmade, but for
a different pBPpYEly barardpusdtaqsphersighumans thay mayentef) thes@niapgiioxo| | ed

at nosphere” r efHik gRNeliay of QL AndElikeS}SE bEMProblbNEKE QRGN AiAL teBiotioh
nitrogen within the container is enhanced so as to thereby decrease

t he oxi di zat i §rveilable oxygendpay R armiisl o pRgyeEERe fhe ARG P hiBBisng and
storage. Suﬁhre%aﬁ}’@SI@MhsSip&laﬁéarthﬁ@Qfl&%s&bc&péa%&ﬁ?ﬁen50&517tra3513f0r| n such
a system there_are certain types, cargo (e.g. asparagus, .

bl ueberry, bl é‘&!f{‘g‘ﬁﬁgrﬂiﬂ?os‘ér&r‘ﬁla?t%’gb‘%}cgf%%sﬂm’éﬁfolaiCgﬁ’ébﬂ@?“)je %?@?nérawe

depl etion of GCHowidI0Opgrhessont ai ner is detrinental to the cargo.

Thus, a known_technique, is to sense en the, percentage of CO2
reaches a pr eépé)(ﬁ@rrri neﬁhTW cqr@?éﬁlo"g%de‘lsﬁéﬂl 1B AR HET CORIIRET BESt i ng
CO2 into the senthaldadnt fbf OfFfarcipRGDSE dnd @fnieeSHRL isl iRas cdlled Ponvdlded for

et purpose, b O90TLINGS 3 seded ) 38 TELAR AN PRRLRL B0 o
| evel and pr ovénghisg isreahdnesl sbAetoahdrety@edrbvat thapxidpatoal(id, ripknas) et  ent er
the container, Undel: §i08 SusoniibQlge. SR Sha € o &hntddSn LY ERLE O

5,457,963, In such a system, there are certain types of cargo (e.g. asparagus,

blueberry, blackberry, cantaloupe, fresh chili pepper) where the depletion of CO-

within the container is detrimental to the cargo. Thus, a known technique is to sense

when the percentage of CO5 reaches a predetermined lower level and then

responsively injecting CO, into the container from a pressurized vessel that is

provided for that purpose.

[0007] What is needed is a method and apparatus for determining when the

content of CO, has reached an undesirable higher level and providing notice thereof

so that an operator does not enter the container under those conditions.

Disclosure of the Invention
[0008] In accordance with one aspect of the invention, a CO, sensor is
provided in a refrigerated container for the purpose of determining when the CO;

concentration reaches a predetermined high threshold. An indication of this

3=



[ 0008] I n accordance with one aspect of the invention, a CO sensor is
provided in a refrigerated container for the purpose of determ ning
when t he dﬁ?%‘l?f?éb”ﬁgrat i on reaches a predetermn ned hi giPGTHIBYREFEL7 An
i ndication of this condition is then provided in a display so that
an operator will be aware of the condition. [0009]In the draw ngs as
herei nafter descri bed, one enbodi nent is depicted; however, various
ot her nodi f i caendisies isthen rapvider iraa dispiorrothayen spomer sahberavaseefehet her et o
wi t hout departifgiofromthe spirit and scope of the invention. Brief
Description of the Drawings [0010]FIG 1 is a schematic illustration
of a cont ai nef00PYf r i gefmhf Giawigs tsdwreindfterclessribesl ene epibptimenids gapictsd; art .

[00L1] FIG 2 j\8,dc GhRIRGG nsdalfuﬁcrneaﬂaoﬂea%te @m{s?&&lb&ecramg@&la&ont ai ner

in accordance W th resent I nvention 3 1s a graphic
illustration @ﬂerewﬂ@ﬁ BRIy fhe sRirband geppe piothe ifention.

Brief Description of the Drawings

[0010] FIG. 1 is a schematic illustration of a container refrigeration system
in accordance with the prior art.

[0011] FIG. 2 is a schematic illustration of a refrigerated container in
accordance with the present invention.

[0012] FIG. 3 is a graphic illustration of CO, concentration as a function of

container load status.

[0013] FIG. 4 is a schematic illustration of a control and display portion
thereof.
[0014] FIG. 5 is a flow diagram of the sensing and display process in

accordance with the present invention,

Detailed Description of the Invention

[0015] A typical refrigerant vapor compression system using CO- as a
refrigerant is shown generally at 10 in Fig. 1 to include a compressor 11, a heat
rejecting heat exchanger 12, an expansion device 13, and a heat absorbing heat
exchanger 14, all connected in serial flow relationship in a closed loop refrigeration
cycle. The vapor compression system 10 may also include a filter/drier 16 and a
flash tank receiver 17 connected in serial flow relationship between the heat
rejecting heat exchanger 12 and the expansion device 13.

[0016] The compressor 11 functions to compress and circulate the CO,
refrigerant through the refrigerant circuit, and may be a single multi-stage
compressor having at least a first lower pressure compression stage and a second
higher pressure compression stage, such as for example, a scroll compressor or a
reciprocating compressor. It may also comprise a pair of compressors such as, for

example, a pair of reciprocating or scroll compressors having a refrigerant line



container |load status. [0013]FIG 4 is a schematic illustration of a
control and display portion thereof. [0014]FIG 5 is a flow diagram
of the sen‘é’Pﬁ@"”ﬁ’ﬂH}é?ji spl ay process in accordance with tAtd/PESEmHE17

i nvention. Detail ed Description of the Invention [0015]A typical
refrigerant vapor conpression systemusing CO as a refrigerant is
shown generally at 10 in Fig. 1 to include a conpressor 11, a heat
rej ecti ng heaforafeingfgaischnpe oapetsxiha s epmpassar arefiigerapiflwa heat

absor bi ng hea}elﬁ%ﬁéﬂ%\ﬁg{iﬂl%ﬁctiﬁlih}g%%@%%&oh@co%ﬁ%és?dr. frl B¥¢ase of the

relationship in a close oop refrigeration cycle. The vapor
conpr essi on s¥iaglemultiostigs goraprawson pach ceiepressqristagepwld begrivesbyumgingle f | ash
tank recei veru%re%mw €6hnkdePBaliad potl et ShAhinRNEHI P 2 B yEEN the
heat rejecting heat exchanger 12 and the expansi on device 13.

[ 0016] The conprragess pachicgrpiessshyouldbedipn Bdepeadritle by inswardsdieted cop
refrigerant thgeyah the refrigerant circuit, and may be a single

mul ti-stage conpressor having at |east a first |ower pressure

conpr essi on sm.eTE@ and ADSEEBAFNHRBHSPIPEBON Y e Hhis fesHPd R opeEge,
such as for exaiRb&itica c§as. Otths, IR BSER hed hejédtih £6daPEOEALdrNT is
conpressor. It may al so conprise a pair of conpressors such

[ : . n_as,
exanpl e, a pafisiesFd P QBSHF Bkl B corderyng heabivshanss dravsh Apichdioh

refrigerant | higRpreSORNESVaRE dlsBiRirddifa@E 88nReitdral phstestifBeaf éxcBinge

conpressor in refrigerant flow _ ,
relationship with a cooling medium to condense the refrigerant passing therethrough

for

from a refrigerant vapor to refrigerant liquid. The refrigerant condensing heat
exchanger 12, which may also be referred to herein as a condenser, may comprise a
finned tube heat exchanger, such as, for example, a fin and round tube heat
exchanger coil or a fin and flat minichannel tube heat exchanger. In transport
refrigeration system applications, the typical cool medium is ambient air passed
through the condenser 12 in heat exchange relationship with the refrigerant by
means of a fan 18 operatively associated with the condenser 12.

[0018} The heat absorbing heat exchanger 14 may be referred to as an
evaporator and may be a conventional finned tube heat exchanger such as, for
exaniple, a fin and round tube heat coil or a fin and minichannel flat tube heat
exchanger through which expanded refrigerant having transversed the expansion
device 13 passes in heat exchange relationship with the heated fluid, whereby the
refrigerant is vaporized and typically superheated. The heating fluid passed in heat
exchange relationship with the refrigerant in the evaporator 14 may be air passed
through the evaporator 14 by means of a fan 19 operatively associated with the
evaporator 14, to be cooled and commeonly also dehumidified and then supplied to
the climate controlled environment 21 containing a perishable cargo such as, for
example, refrigerated or frozen food items.

[0019] The flash tank receiver 17 typically operates with both liquid
refrigerant and vapor refrigerant disposed therein, That is, a liquid refrigerant from

the condenser 12 enters the flash tank receiver 17 and settles to the bottom of the



relationship with the suction inlet port of the second conpressor. In
the case of the single nulti-stage conpressor, each co essor stage
woul d be dVPRBIPE singl e motor operatively connect egPCITHISa‘?"is@é"‘both
stages, and in the case of a pair of conpressors, each conpressor
woul d be driven independently by its own dedicated nmotor. [0017] The
refrigerant vapor conpression system 10 is designed to operate in a
subcritical clfekeSingHigyid wilh ke F@F‘PF‘&@lteéﬁ%ﬁemﬁ’é%ﬂefﬁ@@éﬂpﬁlgw‘%é&tﬂw

exchanger 12 g@cgﬁ%&mot mxéam@ma&l@ ré¥figefant. i C%%g%ﬁ@ﬁangi@méépeﬁlongofheat
exchanger through which hot, hi pressure vapor di scharge from

the conpr essokeink]Z s ie expanieny CV@R%&WQ’@C@&P%F?W fowathe a cool i ng

medi um to congeps@ot e Asaa‘pellagﬁ@ﬁ&u&@%s th8 QutlcREdaEleOMBN abdom a
refrigerant vapor to refrllngerant iquid. The refrigerant condensing

heat exchangefCrREeSSigR PSR S %Chﬁ@e Feapasreat fogheipiemvii ghagge and
condenser, MajheGiGaRA1dveIan the fdcBiRQdark R rbesHialPAGPSIOSIRks to SHMTsIESnew OF
exanpl e, a fin and round tube heat exchanger coil or a fin and fl at
ni ni channel t EB&iRERdiddiyslhger . In transport refrigeration system

applications, [(fob@ typi Referrh@abw iEEE WM i94HBEALardd Eonp@irsEOwhibK QUI
the condenser 12 in heat. exch nge relatjonship with the refri erant

by means of a%¥SERcUS CEHER SIEY el Patds¥yed itherlipterontrlled e

[0018] The heator alaipbidtd nfAg@diniBXGH ANEELT3 1ﬂ-4f1’€§1}’anbﬁbfﬁ@i’@d’drc@ﬁhlﬁﬁle@,5 an
evapor at or an f| nned tube heat exchanger such

g %% be a coglrgentl onal

as, for exanpf® "4 PYPEeAHETERNY VilgR 2, eontainipg the ygporcopjppEsspisystem

m Pi channel 1;] @ tis dpﬂﬂ&vdlﬁ@ﬁlnﬁlégh@ﬂ@&hd bihthO¢igdd cohdhinkr 2aparelad Thus, as )
rerri gerant avil n nsvers I he e ansi on ce sses in eat
xchange. r el aRHiSHEh BRI 1 hbe A foatollh B GBgTen PBISITer ant

is vaporized madefiiypitioakysienslipad haaised byw‘agomafmng thiotghdhgpassed in

heat exchange_r el atl Shl erant i he eva at or
tay be air pagllphPOTEY  eoeled e b Ry b By Saee PERRS
operativel y agswohe mdpmmfﬂhea@vaqnmim 02 arihpwhlyhrooghahechrgord
comonl y al sotodc%lrlllume fi eld and then supplied to the climte
control I ed enViFORTENLS 2T cont ai ni ng a perishable cargo such as, for
exanpl e, ref r[(l@ét]at ed Gonsidedagmovf adhd \tagasr&om[n@({km]efyrm] 10 asshowmaink
receiver 17 t rates bot refrigerant and vapor
refrigerant d|¥ pg C?YI}S%F}]I porlﬁlﬁaattpomono ‘f’l%ﬁlltgetwe nﬁgf’é‘?“ﬁpng PO t he
condenser 12 &hamdrtke ¢0hd¢n$dra%,twmahﬂ(vapad:emgetremﬂvwdgrﬂdgtsmswresmxto t he

bott om of the be. at S@ ure,
refrigerant v;pstgﬁsn\ﬁsrﬁhﬂ?% 4%3'51& Q%Jéaalfaﬁe?ﬂnﬂ}a i c?g}ecfrf dmf)s

| i quid refri gby@egnized. qlnpdnckngfqnwg@reahﬁt lqabagwetoe;seme 6@& vapbr fiigebet ank 17
by the eXpa”Sfe?eﬁseQ%’l!hS?%l?oﬁgh | G SRR, u{l dd §{tﬁ9{eftsidi? th? the
evapor at or opera conditions o e subcritical refrigerant
vapor conpr es@frmragylsty@m%am@e 2, phie tiirdinge comtplied envionneent 2, iftihe
systemw || clgRaendid it lidbithd @iSbubdh %QQHBEC& fys foARK i 1]
rise or fall as appropriate to esta A a fHew e UI r|um iquid

| evel . [ 0020] Rebepheienge artyorse effecisgre rmmmah@@cept ifey psmhlwead waepdenish the
contai ner 22 phid St IES ed: ;0 red in
the climte cont‘f;‘llﬁlg A entl%ogfmn{l&g?f(?ozmag &ﬂﬁ’rztﬁ%égﬁ%fcloﬁrtﬁ@ﬁ?al ni ng
the cargo 23 ¢nvirgnigngghit sy ciease pg kyéafap@tmht@mﬁ@nﬂnqe@txmf a Jegron within the
purpose, a refdiQer s iign lﬁfxﬁéneam%ﬂcd@%n%&gse B R ALsociREPT ESS! On
system 10, is operatively connecte %o one end e cargo contai ner
22 as shown. JHgentratia qfﬁwgémnetble Wycer Abisay pagioylarly free agithe anrpunté cl i mat e
control l ed enydréﬁg%qgacg}slg‘géag&ﬁ into the refrigeration system 24 and
is passed, by way of the fan 19, through the evaporator 14 where it
is cooled, after which it passes through the passage 26 back into the
| ower porti on of the cargo container 22 and upwardly through the
cargo 23 to conplete the cycle.



[ 0021] Consi dering now that the vapor conpression system 10 as shown
in Fig. 1 contains CO2 vapor in that portion of the circuit between
the expansW8'®&91¥2 13 and the condenser 12, with the REIFSPIBEFRY at
relatively high pressures up to 2250psi (15. 5l\/Pa) the possibility of
| eakage fromthat portion of the circuit nmust be recognized.

Dependi ng on where that |eakage occurs, the CO vapor nmay be rel eased
to the at mospH923 as Relpninsaew e Fist3, thereris dnen apraghical rprisemtation pfle of

the refriger ameqaa@aaﬁ@mt@éenm ﬂ:fcgntag%yof quutleadt(h@ aqlh1bar@5neu&9@m @k! ed
environment 21, if it were to the right de of

refrigerati onPayatagsPbencenfation Of C@swgl ﬂﬁecﬁoﬂ'ﬁlﬂ,ﬂefat'fﬂ?ﬁs}b hfevrlemzerfé AGHVAET se

effects are r'rhﬂbﬁﬁbf@@%[é&reﬁl@fs tﬁpc%?g'ol%ﬁalﬁ& dif & dufR &ﬂﬂlﬁbn fehgn | ost
refrigerant. However the flow of CO2 vapor is into the climate

control | ed enb?weél?ﬁfé%wl?@c Pl threpptainepigtogviigh i widlde dissipiier. prdte 96Fallt he

entry of a peegQpwwi Benhmatnhﬁlyq&@hﬁh %én 218acSik ﬂﬁﬁldédlﬁ%‘(ﬁ%o Rbnddilts CO2
w Il necessarily deplete the associated concentration of oxygen in

the space. ThP% ?%thﬁ&fhﬂl@a@ arhey theredpe widstikial lgifnt siee 23 Bdhefd'®n t he
space is increasethr 22,0008 M ﬁgbaa%@yamsm@%ﬁ&llaém&mkm erring

now to Fig. 3, there is shown a hi cal resentation of the
rel ationship b9 faske ¢ ‘ﬁsépaﬁ?ér‘%séﬁftt%l’é‘él Yorduged, 611 thergfope the effectiy || ed

cont ai ner) anﬁhb'&tﬁﬁhaﬂl?@f’e@t@i angle d&@h irf198) GeRdréraleisRdtvsQhat @@Zevlerbffch}eon
container. That is, If g}ﬁ of a certain anmount of

enters the cafigsde SWP%HHHE‘I‘“ ‘ﬁ‘ﬁ from Jeisha) ddh tie cptsinerppx W’WFW ‘gve t he
full vol ume obvdrheneabbadinade doﬂ&dﬁtrﬂbﬂin@ﬂ'thd &onmﬂe} bda€s kg Haat ed, and

the overall effect wl e. substa ess en vvhenalodis
included in t éﬁﬁar go i{ﬁgfrﬁ’igﬁéﬂm ‘g %ftgi’HJe atﬂﬁﬁ‘éf"rd\ﬂ’i‘éh“‘t%ﬁ@re is
a substanti al pﬂemdinoéntlﬁra,ragmggélsbﬂ‘ﬁﬁlhﬁst@l&ﬂg@thﬁﬂﬁﬁIamgeﬂ’au&%ystalﬁ vsb.\m/m in
Fig. 2, then the LF S.E)%ce into whicg ?g S‘F egr }y

di ssi pat ed i sPLHOYHN ?Ié?fulr’i/al Et@&arg%ﬁ?iminf‘?é S 0P Fririgeranign t Segl
subst anti al | y2¢r&atep7 1s‘|finepdsatoa té sanipleghe Or iefuenief fodne the baps cdnhater tthe

| evel of carb I OXi concentr vary fromless than 4%if
t he cont ai ner%bd(?%"iuéle ?Ve?tf?“%gfté@d%r%%r bon di oxi de concentration

if the cont a| [tm24]box i ﬂ"hé sehioy 27 oagedof a[cﬁ%ﬂﬁdﬂ&]ftgﬁermagasa@aemmpm dmi g
2, it wll e; 388l an lllc @CC%Q ce é? RI eﬁe |nve t.i,on,
CC2 sensor 27 ST AS %Zie]iwd P EHAC T e ngarg Afion SyEPER LY 1%111 a
poi nt wher e t the serponi7nis aeqtroﬁmanmcbirIectemtogeiated)cm]monmts ﬁﬂwemnnaﬂg 4 he

returning frofRENe: car g St 2l RabasSa) Bl b B ot on'
of CO2 therei pencgdERe iR, seths mntmr A yTHaeanefog aigoad imsenttalonp ihe 2ytpe
T o g AL (Rl ALl o
el ect r oni cal | gloxplmesftedcangoles Bat €t counplendnthen sexlsaitsganal aiong Fiq32 4.

to a display console 33 which, in turn, sends a signal along line 34 to generate a

representative visual display at 35 so as to thereby alert an outside person of a

potential hazardous atmosphere inside the container 22,

[0026] Shown in Fig. 5 is a logic flow diagram to indicate the manner in

which the controller 32 operates to provide an appropriate display at the display

console 33. In block 30, the controller 32 reads the CO» sensor 27 every second

while the unit is under power. A representative signal is then sent to a comparator

36 and compared with a predetermined threshold, such as 3%, for example. So long



[0025] The sensor 27 generates an anal og signal representative of the
concentration of CO2 in the container 22. That analog signal is_sent
al ong | i neWo2M¥94%3? anal og-to-digital converter 29 witH 2008/051317
representative digital signal being sent along line 30 to a
control |l er 31. The controller 31 then sends a signal along line 32 to
a display console 33 which, in turn, sends a signal along line 34 to
generate a rept®sERe aqchawyamdme%gﬁt&ylgé?plo\sapweta@nmsi lewebpeby al ert
an out si de pef Rt by the BREEAS, Ia@ignmszs@ﬁtd@uédépﬁp.@dgwmAnta%hde the
contai ner 22. [0026] Shown in Fig. is a og w di agramto
i ndi cate the ﬁ’mﬁwtewl%mréﬂwtwalbtﬁﬁpﬂaapci s BEShe‘ﬁéfrﬂéﬂ@@qdélOpFW? de an
appropriate digpd &)\ﬁtaﬁfer S0 5l Rk 0hr GRYIOh Bersha- thelran bﬂi%eﬁ@heﬂ[ e

controller 32 reads e CO sensor 27 every second while the unit is

under power. AOI?‘T@B?fé’@éWECéEeF that 8¢ lsialiof £9- ¢anesntralinntin the cyseenvppicatdr 36

and conpared Wdbbved RERARHIBEITERE udnHs %Megent%p&a@@e%m(ﬁ&&d%e<arrpl e.
So long as the CO2 concentration is indicated as_bel ng bel ow a

pr edet er mi ned Plog% &} e d sightd mthbeniyy herisplsy eRelad’ and a8 ppmerizes sent

to the di spl aynpRESI AsudBdidiIs AN b8 PRIwARE B Rdo@ndidatdit6 &t Sferadf (haba Vi sual | y
di spl ayed at 35 to show that the condition in the car?o cont ai ner 22

is "all clearhaggpussepdifongpiss winBrcargrsoataier Band ik T shagidmot tee

control | er 32eiadd Gall @Spréghiale abit Hagbh ta@én, Q@a@%}%ﬁﬂﬁﬂ]@me(%@rgbn the
cargo contai ner 22 | above a predeterm ned | evel, such as three

percent, for é%"rﬁﬁre is yENtPRY @5?‘8%1318{10?51; GE’I@H%‘B‘“gf%é‘?‘? €5CaBY ﬁr%@ wll be
sent to the dispd @y eonrppddanstdnand an appropriate "H gh CO2" visual

di splay w || hown at 35 indicate tg an operator that a
hazgr dgus congq%lz?]on ex?’é 9\’}I ﬁ%?ﬂ?““ﬁ‘ﬁ%pre%?f:ﬂoand’@ foF Wahbegnstrueted bdhat i t

shoul d not beagnériaRGhotid bbstedp ti@init HypaadiigQianbas ab@@f&mb]@lﬁ?n such
as, for exanple, the. .car o cont er, 2 1S venlt %ﬁa@/ the
door s and al | AR eonsapyifed it hopay samale P 4R 8ree t dyeie

t herein. [002E§zﬁ8101‘i)sa:lbhd1mﬁn ﬂhepﬁﬁxefsﬂhbmlﬂghepk Gk dRplhy calol©fpehairomhatthd | be
i nstructed by ro otices ROS ted on the unit, by operating
manual s, and %g'gi 'ﬁﬂp n E}O %ﬁ?’b F’l“%ftaé FH¥fr ucti ons provided on the
di spl ay conso[(mzas t haﬂthough tlmrml@&mh%@titmh@h elpadduihely Shoxandd t | on,
di e operat or e cons e .t ha

hazar dous condf 5%63’%“’ oé%erﬁ cte(?%%‘es “bg‘%{lmf’?ltémﬁ“%at‘e% bégnfé{r Iﬁ?o{tﬂﬂhiehe
present i nventmdsrstdodby bmesﬂul]aantmmrt matlvynmismmgamﬂdﬂasmy Ypahded t h
reference to e at.ed

be under st ood ytoo‘ggwmkcgﬁ e T Omkhﬁ Spm[ FEIISERRE 2 &ale m5%“stm% ﬁsa‘%glg%d b|ynthe
detail may bechmde thereto without depart| ng fromthe spirit and
scope of the invention as defined by the clains.



W daim 1. Arefrigerated container system conprising:
a refrigeration s?/stemincl uding a refrigeration circuit having in

serial fl oWORPAIBAship a conpressor for conpressing CEVEHESHET o

refrigerant, a heat rejecting heat exchanger, an expansi on device and
a heat absorbi ng heat exchanger; a refrigerated container
havi ng sai d heat absorbing heat exchanger disposed in heat exchange
rel ati onship We®lagmf | ow of air circulating within said refrigerated

cont ai ner; a1, CO, Asenohtch eGRliR sytehidompr@hg flow of air for
sensing when a level of CO concentration therein reaches a

predet er mi ned hi gheefrigenpdon sypeminstudiygaapieqrstipn siraiigyans inspid Elevt at i ve

thereof; and relationdhifFdbipRksol & chiffiBisihk 09, SRt ad EBfiESER Aldve si gnal
and responsively generating a visual displ a&fft t he sensed conditi on,
F

2. A refri ger ICHEHAt AreEer sperpappigh deyice ap bperbing ept axchnerei n
said CO2 sensor i s;@irsBaeedonMikdd it eRfabdoBiARh: fMRh&Misposed 3
A nmet hod of reducing the risk of an operator entering a cargo

cont ai ner whi EHeAEFChapgR sl fioneip Witk 3ifleyof fiF piFRulHN Y YR pad whisFREdr
conpr essi on r efdidiger ati on system conprising the steps of:

sensing the concentration of CO2 in the container_ and generating a

representative si ghaP? EheF egted within saig gy of ajfdorsersiigrhsn p &velib 02

recei ving sai dodc&ti2@&EMéraih irdh€hes a @RALedifkdhheERY iklithiGeAdiacRBRr OPT i at e
di splay signal. in response thereto; and a display console for

recei vi ng sai S EpresyPRLvghEEchAY generating an appropriate visual
di splay thereof. acontrol4or réveiviightid réepsesaiftitivt Oighdd atdtespodivelySoenbigigi N
sai d display indi 8Ies %Qﬁ%;ei her . a hazardous condition is present
in the contaiﬁé?“% isplRge °psgd 59795198 condition is present in the
cont ai ner.

2, A refrigerated container system as set forth in claim 1 wherein said

CO; sensor is disposed within said refrigerant system.

3. A method of reducing the risk of an operator entering a cargo
container which may contain CO, leakage from an associated vapor compression
refrigeration system comprising the steps of:

sensing the concentration of CO; in the container and generating a
representative signal thereof;

providing a controller for receiving said representative signal and for
providing an appropriate display signal in response thereto; and

a display console for receiving said display signal and generating an

appropriate visual display thereof,

4, A method as set forth in claim 3 wherein said display indicates that
either a hazardous condition is present in the container or that no hazardous

condition is present in the container.



5. A nethod as set forth in claim3 and including the step of
conparing said representative signal with a predeterm ned threshold,
and with the display providing an indication of whether that

t hreshol d has been exceeded. 6. A nethod as set forth in claim .
5 wherein said predeterm ned threshold is in the range of 1% and 8%
7. A nethod as set forth in claim6 wherein said threshold is 3%

8. Arefrigerated container systemas recited in claim1 wherein said

ot 11 gerat od cont ai AdreESTRLI R I4iEs Mlplne e sep 8 efhuparipe
refrigeratgm epRb@itaek s@@fﬂowltmsprad&@m@edzmssmmeamfmh tiendsingd sea

servi ce.
providing an indication of whether that threshold has been exceeded.

6. A method as set forth in claim 5 wherein said predetermined

threshold is in the range of 1% and 8%.
7. A method as set forth in claim 6 wherein said threshold is-3%.

8. A refrigerated container system as recited in claim 1 wherein said

refrigerated container comprises a truck trailer.

9. A refrigerated container system as recited in claim 1 wherein said

refrigerated container comprises a cargo container for land and sea service.



