Pressure Relief in H gh Pressure Refrigeration System
Technical Field [0001] This invention rel ates
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particularly, to a nethod and apparatus for relief of
high pressure in a CO2 refrigeration system exposed to
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when a predetermined pressure level is sensed, action is taken to limit the refrigerant
flow, shut off the compressor or the system, or temporarily shut off the system and
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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I nvention [0009] In accordance with one aspect of the
invention, a pressure relief

Disclosure of the Invention

[0009] In accordance with one aspect of the invention, a pressure relief
device is provided on the low pressure side of a CO, vapor compression system such
that, during periods in which the system is shut down but exposed to relatively high
temperatures, the pressure on the low pressure side will be relieved before they
reach unacceptably high levels.

[0010] In the drawings as hereinafter described, one embodiment is depicted;
however, various other modifications and alternate constructions can be made

thereto without departing from the spirit and scope of the invention.



device is provided on the | ow pressure side of a CO2
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¢! r%ﬁﬂgler%tnte through the refrigerant circuit as will be discussed in further detail
hereinafter. The compression device 11 may be a single multi-stage compressor
having at least a first low pressure compression stage 11A and a second high
pressure compression stage 11B, such as for example a scroll compressor or a
reciprocating compressor, as illustrated in FIG. 1, wherein partially compressed
refrigerant from the first compression stage 11A passes to the second compression
stage 11B internally within the compression mechanism of the multiple stage
compressor 11, It is to be understood, however, that in another embodiment, the
compression device 11 may comprise a pair of compressors 11A and 11B, such as
for example a pair of reciprocating compressors or scroll compressors, having a

refrigerant line connecting the discharge outlet port of the first compressor 11A in
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[0016] The CO, refrigerant vapor compression system 10 is designed to
operate in a subcritical cycle. Thus, the refrigerant heat rejecting heat exchanger 13
is designed to operate as a refrigerant condensing heat exchanger through which hot,
high pressure refrigerant vapor discharge from the compression device 11 passes in
heat exchange relationship with a cooling medium to condense the refrigerant
passing therethrough from a refrigerant vapor to refrigerant liquid. The refrigerant
heat rejecting heat exchanger 13, which may also be referred to herein as a gas

cooler or a condenser, may comprise a finned tube heat exchanger, such as, for
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Thiash tank 21 and terminates at the expansion valve 22 where the pressure is
substantially reduced. That section between the expansion device 22 and the suction
inlet 26 is known as the low pressure side and includes an evaporator 14 and the
downstream side of the unloading valve 27.
[0019] The expansion device 22, which is normally an electronic expansion
valve, operates to control the flow of refrigerant through the refrigerant line 33 to the
evaporator 14 in response to the refrigerant suction temperature and pressure sensed
by the sensors (not shown) on the suction side of the compression device 11. A
bypass valve 34 is provided to supplement the refrigerant flow through the

expansion device 22 when higher mass flow is required by the refrigeration system.



heating fluid passed in heat exchange relationship
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appropriate action such as shutting down the system. If the high pressure conditions
still persist, the third level of safety measures is implemented by way of a pressure
relief device 37 which relieves the high system pressure between the compressor
discharge port 29 and the expansion valve 22, A relief device typically takes the
form of a rupture disc or a pressure relief valve which simply allows a portion or the
entire high pressure refrigerant vapor to escape to ambient.

[0022] It should be recognized that the three levels of measures to be taken

during operation of the system relate only to the high pressure side of the system
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[0020] It will thus be seen that the maximum pressures that will be reached

when the ambient temperature is at 70° is 850 psi which is acceptable for such a
system. However, when the temperature rises to 150°F, the pressures rise from 700
psi for 2 Ibm to 1710 for § Ibm such pressures are considered to be too high. In this
regard, since the low pressure side of the system is normally constructed to operate
at the relatively low range of 100psi to 1055psi (0.7MPa to 7.3MPa), it is preferable

to not exceed 1055psi (7.3MPa) on the low pressure side.



range of | OOpsi to 1055psi (0.7WMPa to 7.3MPa) as | ong
as the conpression device 11 is operating. [0023] A

WEeobbersp7 however, arises on the | ow pressure BCTESDS/051303

the system not during operation but during periods in
whi ch the systemis shut down but exposed to
relatively high tenperature conditions. This wll be
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f of %%f‘—te‘ghﬁthig%gf“oéﬁg'clhar ges 2 Ibmto 8 | bmare
shovzn]i n Tabbssideridg howthelpiiion deROR2B] andtitsWypdss thas3hHe
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tenperature rises to 15Q0F, the pressures rise from
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| ow pressure side of the systemis normally

cohaitiy ey edlosad spprerthat & sabjeethie the dightpiresedrg phapgmergngpe of
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si lde. 3P0 Oinz]ly, Ref e ofrile dlosed bersktidnat Fieglischargd @itlet20 on the

c o(pn%iegg Encf tﬂg exopggsri(%t &e%ﬂ:e %5 o\r{ rei o%% end, the section therebetween, a
delineated by line 40, is also a closed section that is susceptible to elevated pressures
when exposed to high temperatures. However, it should be recognized that this is
the high pressure side which already includes provisions for relief of high pressure
in the way of the high pressure relief device 37. Accordingly, no special provision
needs be made to that section. However, the sections shown at 38 and 39 do require
the addition of features that would not ordinarily be included. Thus, a high pressure
relief device 41 is placed in line 43, upstream of the unloading valve 27 and a high
pressure relief device 42 is placed in line 44 upstream of the suction inlet 26 as
shown. The relief device 41 and 42 can be in the form of rupture discs or pressure
relief device which, when exposed to excessive temperatures will rupture and
release the high pressure gas to the atmosphere. In this way, the high pressure relief

device 41 will act to relieve any excessive pressure in the section of the circuit



conmponents, specifically the unloading valve 27 and
t he expansi on device 22. [0028] For purposes of
wo 2iovamishity and safety, the unl oadi ng val ve 2FCT/ES2008/051303

normal Iy cl osed val ve such that, when the systemis

shut down, the valve 27 is closed. At the sane tine

during shut down, the first and second stages H A and
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cl osed positions. The result is that, that part of the
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di scussed herei nabove. For illustrative purposes, this
sedtifSn is delineated by the line 39. Finally, because
of the closed condition at the discharge outlet 29 on
the one end and the expansi on device 22 on the other
end, the section therebetween, a delineated by |line
40, is also a closed section that is susceptible to

el evat ed pressures when exposed to hi gh tenperatures.
However, it should be recognized that this is the high
pressure side which already includes provisions for
relief of high pressure in the way of the high
pressure relief device 37. Accordingly, no special
provi sion needs be made to that section. However, the
sections shown at 38 and 39 do require the addition of
features that would not ordinarily be included. Thus,
a high pressure relief device 4 1 is placed in |ine
43, upstream of the unloading valve 27 and a high



pressure relief device 42 is placed in line 44
upstream of the suction inlet 26 as shown. The relief
wa@lzoppoe1347 1 and 42 can be in the form of ruptuPEr/USRO%051303
or pressure relief device which, when exposed to
excessive tenperatures will rupture and rel ease the
hi gh pressure gas to the atnosphere. In this way, the
hiwk @aiassure relief device 4 1 will act to relieve
any excessive pressure in the section of the
ci rcui tlshowd BPOIBMPFESIPhEYSied] Go8TPrigagi ce 42 will act
to rel i, qVRioalY: EXGieRRintGn REES ﬁH\K/?el&t%&hlﬂ%ylea{%%(b&tcohﬁ}ressor
t hat portlon of the circuit shown at 39.
exi@rpirenresang 48hrepariaat eefpgezs urieal rewetlngth@@ttexmﬁeg@rean ef
de, to open woul d be
é&#’ ﬁ‘g%ﬁgﬂﬁéégg d % p%umbl%e‘ég@%‘ﬁg%ﬁg% MPa to 17. 2MPa).
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oot a 5 Bhe A IR Blar el S R R SRR Borine
prmweMga\md atshrelon alletef sdévilemst di2 complesionahidtuniatiing h
ress reh% ch 6 .woul.d ogﬁn before the relief device
Zsﬁﬁhﬁﬁ H@@ PB@@&% %J%ﬁ gh the present invention
has beeanlepaiohé paésarel rylies dowiee dspdsaiescrlowgekswiré kide of said
ref erence .to. nbodi ment . as |IIustrate$ %n.the. .
drrﬁ&}gﬁﬁ@t cijepit ?Awnrfhees@g BRABISoaY 1BY PERETSRTT feiePrigd e
arwhitieee sysddnh RUSt GRAMAE Sut iNedRL th ralBvelhigd@pdrharet o
wi t hout departing fromthe spirit and scope of the
i rRPBREPB as defined by the clains. W Caim 1. A
vapor conpression system conprising: a refrigerant
circuit having in serial flowrelationship at |east
one corfpr es SORPPIFHONPEIHPRYSIEARs Ceifofy Pigilaits! vgherein said at
refsst glferc%ﬁgresé‘)orlﬁ%%deg SlREbg heat exchanger, an
expansi on devi ce, and a heat absorbi ng heat exchanger;
a conpressor unloading circuit fluidly interconnecting
an i nt er nedi t ~
Co o | o pr bospeg oAby SR &l Bar o AR LU RaRL
helast encotvampgesor appidses tved ¢Ommr¢smretorm&ct@hmdelms. | east
one conpressor, said unloading circuit including an
unl oadi ng val ve; and at |east one pressure relief
devi ce 4di spasedoconprdsgon grsessasrset foititla cddimslavitbrein said at

least one pressure relief device is disposed between said unloading valve and said

intermediate stage.

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

least one pressure relief device is disposed near said suction inlet.

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

least one pressure relief device comprises a rupture disc.

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

least one pressure relief device comprises a pressure relief valve.
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refrigerant circuit for relieving pressure in said | ow
pressure side during periods in which the systemis
Whamvepsdat i ng but is exposed to relatively hiRgir/US2008/051303
tenperature conditions. 2. A vapor conpression system
as set forth in claim1l wherein said at |east one
conpressor includes two stages. 3. A vapor conpression
syst emgas s@tvabéi dobhpkedsi6h distimlasWieoh h Famd Al it @RSls a
one conpressor conprises two conpressors connected in
s diiglepressure siitgh disposed ppiakiomariessyrs sidpphsidefrisegnt prcpis
cl @|dfidh WBKNR! sW/itSitbdnPdesleRBlo oPOLatRNBSSHE Bowe tHaf the
device i s di sposed between said unl oadi ng val ve and
sairepsimgtabwhviel baad af leastepe. prégsuraralighdnvice dgsiariss foogpleaspst em
as,s&heforth in claim1l1 wherein said at |east one
pressure relief device is disposed near said suction
inlet. 6. A vapor conpression systemas set forth in
cl arm J9 Whe'Ae\I/a orsc%lrn%re%%ioﬁ %@%{‘n zgrlgt;&rﬂiﬁlsclfa{u% 1r\$111e|reeJ1 said
devi ce "‘conpri ses a ruptur I'sC.” 7. vapor
c ompragdagivalve syspresas asorsetily losddhvalva. ¢l ai m 1 wherein
said at | east one pressure relief device conprises a
pressure relief valve.8. A vapor conpression system as
set forioh i A mtBsdwprarbtiigntd otdinenca ohinglesipbRISgh @essures
switch di sposed on said | ow pressure side of said.
¢ e AR AR CBTPEST S AP GRO b DR TR sy
desingifiesh dupin® PIRID dadn, 2oMbASALILE skepyd® t han the pressure
at which said at | east one pressure relief device is
adapt e HipgpdepseonspEsas gliclyevige 9ng dow BigHHFedds ¢ said
SYapBiBoahreaibn §Rlehl) sdid aCb AL SelprB@E BllfF §31Q LUk Qdbkdido
val ve conprises a normally closed valve. 10. A nethod
of onsh &hehtte REpsteingaid Uy errevrofidefaardes ¢ pisicerniingd level
pressures in a CO2 vapor conpression system when
exposed to high tenperature anbi ent conditions during
shut down, éonphodismgt forle instlapsl Oofherqir enid dipaycampréssiagt

ggsl%é@&‘?ﬁéﬁﬁe? af 1645t &fe AFPEESr A &h | AMaRLERSHl Buidlyde Of
interconnecting an intermediate stage of said at least one compressor to a low
pressure point between the heat absorbing heat exchanger and a suction inlet of said

at least one compressor, said unloading circuit including an unloading valve.

12. A method as set forth in claim 11 wherein said at least one

compressor includes two stages.

13. A method as set forth in claim 11 wherein said at least one

compressor comprises two compressors connected in series.

14. A method as set forth in claim 11 wherein said at least one pressure

relief device is disposed between said unloading valve and said intermediate stage.
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vapor conpression system said at |east one pressure
relief device being adapted to open when the pressure
WO 2003291397 ow pressure side reaches a predet er nPCETUS2008/051303
level. 11. A nethod as set forth in claim1l0 wherein
sai d vapor conpression systemincludes at |east one
conpressor and an unloading circuit fluidly
i nt er cagnecil H&héasi st BRABMIANE 1SIRESn Qfid Sdd: e prRand
one conpressor to a | ow pressure point between the
hergtiefaisuies bilthipllne agar s3id pugHigeinledind a suction inlet of
said at | east one conpressor, said unloading circuit
i ncl udi ng an unl oadi ng valve. 12. A nethod as set
forth ilf. cl &imethad agsetrfeithinscldioy ldtwhereins saidbrideasioms Peassue
[ - - A0eS - method as set forth in
cﬂ%#%?%%ciﬁgggﬁn saPtﬁg?“féast one conpressor
conprises two conpressors connected in series. 14. A
met hod 133 S %tmétﬁ&l {l st tr}oﬁfl A crﬂn%él 1%11%5(3% pa%dc' %Ilgas%nel ?egaltre
one pressure relie device i i'sposed between S&
uniebefdienige wahrseanplesaicdeliefivareredi at e st age. 15. A
method as set forth in claim11l wherein said at |east
one pressure relief device is installed near said
suct i onsi nl atmeth&d asAeteithocklém 19eid irehidihg the fukthdriitep bf
wher%in S jg at | east one.gressure rg&igf.gevLce o
cofpr B8 Nigh PRSI BN Q8 said 10w RN o s2id BT gyt
cl @idnidhlprahiefe8ivitcis Bdifk @faple@asdpeR Bt fERGSUSWerltiRhni tRf pressure
device conprises a pressure relief valve. 18. A nethod
as?t dichrsaidiaplepst opg prespEaelih deYirfcs aeAPHY 60 FrFapuRTETTRYe-
step of installing a high pressure switch on said | ow
pressure side of said refrigerant circuit, said high
pr essurl@ swittiaetheseasrigt faeapy fgfdmt 1d Wiseain gid wnlppdingsighve
| oM@fpris@amoanRI&S§ Wi at which said at |east one
pressure relief device is adapted to rel ease pressure.
19. A nethod as set forth in claim11l wherein said
unl oadi ng val ve conprises a normally cl osed val ve.
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