Mounting of Pressure Relief Devices in a H gh Pressure
Refrigeration System Technical Field [0001] This

WO p0oen9i3es rel ates generally to transport refrPQEUS2009051313
systens and, nore particularly, to a nethod and
apparatus for the nounting of high pressure relief
devices in a CO2 refrigeration system Background of
t hqwbﬁuvtﬁ@tdmes[sm%net Devié 3RS Righ PrRksire R@ﬁigemmn System
systens, such as refrigerated trucks, trucktrailers or
refrigerated containers, during perlods when t he
COfRMhARSPEieldS OPerating to conpress the refrigerant in
the system substantial pressures can build up on the
di 980Hr ge (iThis invenitn iplages geneeallyitel aynspért tefidgesafion syptenPhe
vahar m&%g}aftr%ﬁﬁhf Mo & hfefidlitind Sﬁﬁ{s ?éﬁﬁ@mgﬁﬁing ReHigh Bressure
safely contaln t'hese pressur i's recog |ze§
howhefaleyiceshan CShtrefagéramm Smymar i se where the pressures
will tend to exceed what is considered a safe |evel.
Accordingly, it is necessary to provide design
f eBadkgemndiof die wéiltionel | eve t hese pressures bef or e

€CONe, excess ord
C Bl o o I ERRR bRk RR sy SEER SRSl ek
p rtmi]ed;eﬂl redfigdrined fonginepd, @GSy [&rlsdsiehanfthd dnpressor is operating
refri eratt}ﬂonécﬁ%:stemhThethr%ZS els are ag‘PHed b
se'GTeNPIEAT PG HAF IR LD PN G £ té‘Htl BERTUER 3R P YPaRdhe
Tha@sdhbiigs ti.d. BigR Ipreksurd i) OB lsRderh. NTIROfab¥eJogpaRson Sircuit i 1s

based on pressure transducer readi ng . That 1s, when
priGeretoss dasisaef (orsalslyifontaingdlesp Pregsugssn téﬂrec%‘ﬁeénhqw§"er that

t a{@AdnQ nlaly Alide WikGe thebrek @IsaNT tdnl @ex BN hR i cohdifered a
conpressor or the system or ten%orarlly shut off the
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restart it after the pressure drops within a tolerance range.
[0004] A second level is implemented by way of a mechanical pressure
switch which responds to sensed pressures to shut the system off or temporarily
shutting the system off and restart it after a period of time.
[0005] A third level is implemented by way of a mechanical relief device
which responsively opens to at least partially allow the refrigerant to be released to
the atmosphere in the event that prescribed pressure levels are exceeded.
[0006] Recently concerns have arisen about the environmental effects of the

release of commonly used refrigerants to the atmosphere by way of leakage and the

like. One approach to addressing this problem is the use of a more benign
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[0010] What is needed is therefore a method and apparatus for selectively
placing such pressure relief devices in locations and in orientations such that are not

likely to result in injury to a person nearby.



pl aci ng such pressure relief devices in |ocations and
in orientations such that are not likely to result in
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[0011] In accordance with one aspect of the invention,
at |least one pressure relief device is strategically
positioned within the system so that when it opens, no
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accordance with the present invention. [0015] FIGS
3A-3C are cut-away views of the various relief devices
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referred to herein as an evaporator, all connected in
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lines 16, 17 and 18. Additionally, the refrigerant

vapor conpression system 10 includes a filter drier 19

ar etﬁii&i 1?&9 igﬁ&k Ftﬁ&ﬁ'{%ﬁ{im?. 1 disposed in refrigerant
i ne o) t]ﬁ re?rlgeran circuit downstreamw th

r eldpbdt t o Refemingsroartd HG owttefCQarefrigefant \georanemplession
rej [ e xchanger, 1. .upstr it h respect
[ ChSED! DINERY o FEENRBIAR cdrte TG MAR LSl e
evapgiaddaherexita nseftgerd@\heataej2@ing hpe reathavgilr y 3 asshigeahe d

W ﬁegt a{'brs?grblen\é%gz%regct:hgﬂge%%ll, a?siosrgf%lsrg toihgre{negsrain%\e/z{p%pz}tor! aillpe
connected in a closed loop refrigerant circuit in series refrigerant flow arrangement
by various refrigerant lines 16, 17 and 18. Additionally, the refrigerant vapor
compression system 10 includes a filter drier 19 and a flash tank receiver 21
disposed in refrigerant line 4 of the refrigerant circuit downstream with respect to
refrigerant flow of the refrigerant heat rejecting heat exchanger 13 and upstream
with respect to refrigerant flow of the evaporator 14, and an evaporator expansion
device 22, operatively associated with the evaporator 14, disposed in refrigerant line
4 downstream with respect to refrigerant flow of the flash tank receiver 21 and

upstream with respect to refrigerant flow of the evaporator 14.



4 downstreamwi th respect to refrigerant flow of the
flash tank receiver 2 1 and upstreamwi th respect to
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conpression device 11 functions to conpress and
circulate refrigerant through the refrigerant circuit
as will be discussed in further detail hereinafter.
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line 24 that is operative to control the flow of refrigerant through the refngerant line
24 of the compressor unloading circuit 23. In the exemplary embodiment of the
refrigerant vapor compression system depicted in FIG. 1, wherein the compression
device 11 is a single compressor having at least a low pressure compression stage
11A and a high pressure compression stage 11B, refrigerant line 24 of the

compressor unloading circuit 23 taps into the compression device 11 at a location 28

opening into an intermediate pressure point of the compression process, that is at a
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operatively associated with the evaporator 14, to be cooled and also commonly
dehumidified, and thence supplied to a climate controlled environment which may
include a perishable cargo, such as, for example, refrigerated or frozen food items,
placed in a storage zone associated with a transport refrigeration system.
[0021] During normal operation, the compression device 11 is driven by the
motor 12 to compress the CO, gas to an intermediate pressure by the first stage 11A

and to a high pressure by the second stage 11B. This high pressure, which is in the
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compression stage 11B and thereby unloading the compression device 11. This

unloading of the compressor 11 through the compressor unload circuit 23 may be

implemented in response to a high compressor discharge refrigerant temperature, or

for capacity reduction or compressor power reduction.

[0024] During such operation as just described, provision is generally made

to prevent the occurrence of excessive pressures on the high pressure side of the

system. This is generally accomplished with a three tiered successively
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that part of the circuit between the first stage 11A and the second stage 11B,
including the upstream side of unloading valve 27, is a closed space with CO,
refrigerant trapped therein and subject to the high pressure phenomenon as discussed
hereinabove with respect to Fig. 2 and Table I. For illustrative purposes, this section
is delineated by the line 38 in Fig. 1.
[0029] Considering now the expansion device 22 and its bypass valve 34,
when the system is shut down, these two are in a closed position to prevent

refrigerant from migrating to the evaporator coil and the suction side of compressor,



[0027] Let us consider the operation of various
conponents, specifically the unloading valve 27 and
W@ b@exsamsi on device 22. [0028] For purposes PET/US2008/051313
reliability and safety, the unloading valve 27 is a
normal Iy cl osed val ve such that, when the systemis
shut down, the valve 27 is closed. At the sane tine
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before the relief device 42 would open.
[0031] In should be recognized that, in using the three step protocol as
discussed hereinabove, the first and second preferred sequential steps do not involve
the release of CO, refrigerant to the atmosphere, whereas the third approach, i.e.,
that of using the pressure relief device, will necessarily result in the release of CO,
vapor from the closed loop system. When this occurs, there are two potential

problems that may arise. First, because there are portions of the refrigeration circuit



be in the formof rupture discs which, when exposed to
excessive tenperatures will rupture and rel ease the
woe@h/opBessure gas to the atnmosphere. In this RelUS1008051313

hi gh pressure relief device 4 1 will act to relieve
any excessive pressure in the section of the circuit
shown at 38 and relief device 42 wll act to relieve
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of the circuit shown at 39. As an exanpl e,
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probl ens that may arise. First, because there are
po‘r"tulddq%1 (dP I ¢ @F?He&@P atFrmsien is herefeng apadgyip the present

| nhedrivk iBrdehiind R eaMeptner (i.e. the air in the
container i's necessari IF%/ in fluid flow rel ationship
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wi [033he evBsbriegovop He. theris Gerasipemios pEt efggerdtion
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causes the flow of vapor into the container, it
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be detrinenta e cargo cont ai ne
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NN AT AR T N
| NeykdBM 471 @bRIid ¥ conhpartment 48 having bottom and top walls 49 and 51, side
walls 52 and 53, and a back wall 54. The compartment 48 is fluidly isolated from
the interior of the container but is fully exposed to the ambient environment. That
is, even though there is a front cover (not shown), the compartment 48 is designed to
allow for the free flow of ambient air into the compartment 48 or for the flow of air
or vapor from the compartment 48 to ambient.
[0035] The compartment 48 contains essentially all of the components

shown in Fig. 1 except for the condenser 13 and the evaporator 14. The compressor



could result in injury to that person. Provision is
therefore made, in the present invention, for
WEe@oemsdhg this occurrence. [0033] Referring PONUS2908/051313

Fig. 2, there is shown a portion of a refrigeration

system 47 that contains the vapor conpression system

10 as descri bed herei nabove, and is attached to a
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deﬁmgmd to allow for the free flow of anbient air
nto the conpartnent 48 or for the flow of air or

va[BBWIf r om {4FBOUS ApEFoFHEAst hesthe Go¥RDI @ AT and TOBSFSThe

CoMR2hddBRbndd of ﬁmtahéles;te%s st jeafldw rdh th@felibhRvice. That s,
conponents shown in Fig. 1 except for the condenser 13

arfich pethe ooyseoat of andh3 mfﬂ@deé &vp el high surfoyad thegggpective
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installed positions wthin the conpartment 48. [0036]
Al wpor therafred. WpttiHistrativeepusienspa fhierevirs 4@ 53 ned Phae shnvaewith

pr . and 42 as shown in

Fi (g.é%le(ﬁ’%z(gsdéﬁéﬁhgggéﬁ ﬁ%l lf[ ‘%dw ces cannot be seen
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more of the pressure relief devices is actuated, the escaping gas would be directed to
flow first against the wall 54 and then downwardly through the bottom opening of
the associated cover.
[0039] Although the present invention has been particularly shown and
described with reference to one embodiment as illustrated in the drawings, it will be
understood by one skilled in the art that various changes in detail may be made

thereto without departing from the spirit and scope of the invention as defined by the

claims.
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shown. Thus, it will be understood that any rel ease of
CO2 vapor fromany these relief devices wll be

W0 2008asBM8 t 0 t he conpartnment 48 and then al | owedI/Us82008/051313
flow to anmbient. [0037] It should be recognized that
the covers 56, 57 and 58 are al so designed to contain
or limt the extent of the jet flow fromthe relief
dewie@@aimkhat i s, each of the covers 56, 57 and 58
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by one skilled in the art that various changes in

detail may be made thereto wi thout departing fromthe

spirit ;and SCORE; &ﬁnp&é@ﬁoﬁ QSRR 4sQB: B8h AedidiRetyiYeih B8d at
clains.W Caim 1. A vapor conpression system

c ot Prd pgssurg relief f1¢Vg<@rla$Ft orggintatedithat o refrigerans eanionls
f R2i¥aleq ltl?e‘iré R)'ﬁ? hﬂ iP dlr&teﬁqg(pé{rﬁ sad Eeai Qfp conpress ing CO2

vapor as ri-gerant rejecting heat
exchanger, an expansi on deV|ce and a heat absorblng
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r eborttlogl at10n 0 Isau over Le({rrlg open to the flow of vapor therefrom.

5. A vapor compression system as set forth in claim 4 wherein said

cover is attached to said back wall.

6. A vapor compression system as set forth in claim 1 wherein said at

least one pressure relief device is disposed near a suction inlet of a compressor.

7. A vapor compression system as set forth in claim 1 wherein said at

least one pressure relief device comprises a rupture disc.
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relieving pressure therein when it exceeds a
predeterm ned |l evel, said at |east one pressure relief
wa@leapoe13pei ng | ocated in a conpartnent which fPi/db3008/051313
conmuni cates with anmbient air. 2. A vapor conpression
systemas set forth in claim1l wherein said
conpartnent includes upper and | ower walls, side
wal |'s, gand a vapa coniphdssio@BdehidstsBEbriSinN widdeéln kadat
one pressure relief device is nounted to said rear
wallfst ong pressyrs sieliel fiRscasIpriss aPysturicdst Wb forth in
claim2 wherein said at | east one pressure relief
device is so orientated that when refrigerant vapor is
rel easéd t hérepproomprassipy smerne@tsetofOttbmgajmslaWI@mieaarid
Yeltrigcthtiof Y RRGcIGRITE BRSIIRN YRE &ith 8398 land Rl fbrein
cl al erein sald at [east one pressure relie
desnidcat ldast e preswndeticfalavitoisdispped Hetvpemsagbvadye, andiat h
onl L said cover being open to the
fIlg%ng?&?%%%g&(ﬁﬁ%réé)&:}(r)érgr%ora A vapor conpression system
as set forth in claim4 wherein said cover is attached
to said,back wall. 6. A vapor co si Qn st em as
Set “Torfh i o P spproshiey SRR ERE Sty YRhsth S
preseus ensralallgtloskeviabe. i S di sposed near a suction
inlet of a conpressor. 7. A vapor conpression system
as set forth in claiml wherein said at |east one
pressurig. r el @pot@uipeRsicRBRtchBRSeFofthi B dldif 10WESeif saidat
vapor conpression systemas set forth in claim1
whisse Pie RIgSere dglicf deydqe ipghedep thaceqpipssure églieb flevigsy iwith all three
C OBl 18&%edan PAi@ SSHFBnlel. | ef valve. 9. A vapor
conpression systemas set forth in claiml wherein
said refrigeration circuit includes an unl oadi ng
circuit with a valve, and further wherein said at
| east one pressure relief device is disposed between
said valve and an internedi ate stage of the
conpressor. 10. A vapor conpression system as set
forth in claim9 wherein said valve is a normally
cl osed valve. 11. A vapor conpression system as set
forth in claiml wherein said at | east one pressure
relief device includes three pressure relief devices
with all three being located in said conpartnent.
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