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The refngeratlon industry- has been workmg for the past few
decades to find replaceément refrigerants for the ozone depletlng
chloroﬂuorocarbons (CFGCs).and hydrochiorofluorocarbons (HCFCs) being -

" phased outas a result of the Montreal Protocol. The solution for most

refngerant producers has been the commerc:al!zatlon of
hydrofluorocarbon (HFC) refrlgerants The new HFC refrigerants, HFC-

134a being the most widely used at this time, have zero ozone depletlon

potential and thus are not affected by the current regutatory phase out as

a result of the Montreal Protocol;

Further env:ronmental regulatlons may ultlmately cause global
phase out of certain HFC. refrigerants. Currently, the automobife industry

s facing regulations relatlng to giobal warmmg potentlal for refngerants
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per cegtectad &om dhe group copsistingeafy af | uor oet hane havi ng a

vapor pregsiiRidhk pé#&@lglgcf%&f{gghq% %Q\Jenquﬁ Faleedt 12

t enper at ure of “abo er cent
MFmoraﬁtbOWZQ -difuggoethars baving a_yanotpreasmeMrabout 14.7

oot LA PT AT, PR SIBHIF GO0 "5a72 G and
39. 5 wei it 2 peightperc@AREIDBHaand 86.8 weight phtcepe 2 gmathoxy-
2, 3- fjll fz tHﬁfo?oéhane having a vapor pressure of about 14.7 psia (101 kPa) at
a temperature of about 51.9 °C;
39.4 weight percent C,F;OCH; and 60.6 weight percent 1,1-difluoro-2-
methoxyethane having a vapor pressure of about 14.7 psia (101 kPa) at a
temperature of about 46.9 °C;
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(trifluoronethyl)oxetane having a vapor pressure of

about 14.7 psia (101 kPa) at a tenperature of about

58.6 C. In a fifth aspect, there is provided a process
for producing refrigeration, said process conprising
evaporating the conposition as defined above, in the
vicinity of a body to be cooled, and thereafter

condensi ng®%4ingight Bersert €iFeACH: anch64 6 xeighh sprsent 1.1 Rdriduoro-

IS a PRS- @HILBFMMIESRSethSER haviR Svdpof

. g%§§ure a)f apout 14.7
conpri si ng condensing the conpositron as defined above
in t hesig (W1 kPeyalo tespepaidie af @bpet HeatGd, and

t her eaf t e1 1629 GRRRALBENIAFOEATRRPEL S Adignt ge.t%ﬁgteé’-g{%ﬁ&-

aspect, there is providec
conpobil thidteaiuorerthantcnvingos wapdr preshenstof abautster psis &1

met holq’a‘%%f@féﬁﬂé?&ure{éf%{ﬁ%ﬁ%f_b g%nsai d conposition from

a heat source to a Si nk. an ei ghth aspect,
there is pto¥weight peroenthB.PCH; arsl 80y1 weight perperst 1-ethoxy-

as defi ' rising.. intraduci

The obtaaaerrbfoetide by o borh PRish ey rpa i g b

ai r ddladat & tevipegatarepeebbus5Hy °Ci ) di ssol ving t he

ul t ravi ol f scen iL,n th frigerant )
conposi ti gjr%' 10‘%’&%%9?%“3 E'g?fg?é'?’q Eﬂﬂdgi(‘?l\“,’e'lgﬁ{e‘??{@erﬁﬂeg &iiyiffworo-
of mto temsthoxypropaniertgvingemtapoapkssurt bﬁdl?tﬁu:t ng.7t fifa (101 kPa) at a
conbi n Lonpression refrigeration or

ai r é%ﬁé%@‘ﬂ&%f“ﬁ%%ﬁ%%?agugﬁ%r (ii), conbining

sol ubi |'i zi30d wejghttpepdutht UY-JOCH, QI BOE WeidhEpctBéht 2,3-difluoro-4-
intr pl. ¢L0g sa d conmbination into refrigeration or

air COMORreT eV hexlpRatingsR Yanar RSRHG of aBPviddh EReia (101 kPa)
and/ at a témesdraturesrdeut $8.9k@d;, | n a ninth aspect, there

is provided a nethod for using the conmposition as

defi ned above in a conpression refrigeration or air

- condi ti oningfiRPasHRt, Were sssafbchda&bgmeegfm{d@&gmﬁ S

providing said conposition to said appara
pr ov INgRIaLENs e REIGESHEAMBIITIaG evapoERing the eamppsition as defined

compaovel Wn Vichit) Ak bBAY B belooldd, ahdd retddileP bbiiddAing said

said apparatus. In a tenth aspect, there i s provi ed °4

met h P8t ng t he conposition as defined above,

said nmethod conprising: (i) producing refrigeration by

evaporating said conposition in the vicinity of a

body to bl aHghegresdthereds earecass fumiiedusingghesdi said process

CONMP&shpristhy: i f S
hiSristig copblending t.hB_da%%bﬁl?n EtE ﬁéﬁl‘%})ﬂ da)@%p% kR é)‘f‘a

nposition in the vicinity o

Cco
and porte apthentedyansbihgraafiar eveparatiog spidsiompesitionn a

twel fth aspect, there is provided a method of using
the conposition defined above, wherein said nmethod
conpr i sesn@rsyaethRsradatherais pravidsdgemathodrof using the

;ef réciifioRltibRS'ad Beffteld BRVE! thi RNt HnGBP 25 AT HSnSERLAYHOR,

transferring said composition from a heat source to a heat sink.

In an eighth aspect, there is provided a method for using the composition
as defined above, said method comprising: introducing the composition info
a compression refrigeration or air conditioning apparatus by (i) dissolving the
- ultraviolet fluorescent dye in the refrigerant composition of heat transfer fluid
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mul ti-stage centrifugal conpressor. 4d WO 2005/ 068579
PCT/ US2005/ 001508 Di scl osed in the above |isted
conpositions specifically suitable for use in
refrigeration or air conditioning apparatus enploying
a_centi lhb@@enﬁ@ﬁph@%ﬁ!@biﬁzi@ 8GERSEY ihflodlitthg@RO¥mbination into
listed 5 conpositions specifically suitablé for use in
rf 11 GRRSDIBIESioNAPFORaHoR B pesiioRps aPRRRY S ogamighing

a mul solubilizigg aggrt ahe UM BordsteMd d§d aReing8akdind 8@ Eombination
conpr Discl in.the above |isted conpositions

ﬁsorﬁ. osed d. !

speci 1 &M9pratan ot gir copdifioniag.apparatys cppfaining retiggiankand/or
Condi heatrtrangfer fifidappar at us enpl oyi ng a single

pass/singl e sl ab heat exchanger. Disclosed are

azeotropic or near azeotropic refrigerant

conposi t i dna nifthespedtanpess piovided @rrﬁem@fdﬂusing the composition
refri ggr%@n or_air condi ti oni %a parat us. The

conpofT HPIFE SRPYe Iy &, QomRTERsIQN refgeralion; o @jrgenditioning apparatus,
condi $aid Maﬂg)ga;mmmtng$r@iﬂlh@¥éiﬂ @ompsfﬁﬁtsrr iofsagﬁéppaﬂa'ius, and
conpr . sclosed are processes for producing .
o T oVl st R Heanh 16 dRLcring sagreompabiien 6 ek eaintor i
sour cietvizirity loé azid appdratugsi ng t he present inventive
conpositions. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The refrigerant conpositions of the present invention
conprise lma térdaaspent)ehdre ioproeiibe a nidthédrdf usiitfthe composition

refri onposi.tiops ,of the present invention nay
be mag?jr&ﬁ@ésd%oo&‘gﬁ‘aé‘# Wﬁﬂ]‘r‘grcgrrtpﬁ'ﬁ'ﬁgfl uor oet her. The

fluoroethers of the present invention conprise

compoun 25 cpnt ai nj.n drogen, f|uorine, carbon
ond ot Bast PoRBIRrEGRIbbY Seeratngeid scmcatione e
may be repr esiititgdf bypoteo st ParidltbBrartuh@nabRsify said
- and R2 are inde ently selected fromstraight or

enden
branched cha®RMPEY'YR&Lic f1uorinated hydrocarbon
radi cal i) Rl peotticing heaybybeoridehd18glsaia cofPbstich X Viginity of
f 1 uor oet her E}'I'egg%fngge fluqgroethers may contain from
about 2 30 t B8R hpisA@nd thereaftar.cvapqralinh 54 her s
have from 3 tempogigrbon atons. Representative

fluoroethers are listed in Table 1. TABLE | conpound
Chem cal Formul a Chem cal Name CAS Reg. No.

FI uor oet hmrestvddﬁﬁfas%%&?ﬂﬁrﬁd?? i frethod of using the

1-difl uorqmet hc%xn)é 1.1, A 2- 3277811-3 .
composition defined above, whereln said method comprises producing heat
or refrigeration in a refrigeration or air conditioning apparatus employing a

multi-stage centrifugal compressor.
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10

15
20
25

30

tetraftw oet hane HFOC-236eaEpy CHF20CHFCF3
2-dM.loronet hoxy-1,1,1,2 57041.67-5 tetrafl uoroet hane
4e WD 2005/ 068579 PCT/ US2005/ 001508 HFOC- 245caEap

WORMRRE2CH2F 1- (di f | uoronet hoxy) - 1, 1, 2-  6994BCHASY5/001508

trifluoroethane HFOC- 245cbEpy CFSCFZOCHS

1,1,1, 2, v idRghoxyet hane 22410-44-2

HFOC- 24 QS%EI@%%%:CHFZ 1-(difluoronethoxy)-1, 2, 2-
(ﬁﬁﬂﬂ@slﬁénsﬁs tcifiddilysunablesoe ubE Woratdgekition dradCidraitidiimg
2-1 ug'rorretEE)‘S/I -1.1,.1 2-,56885-27-9 tetrafl uoroet hane

E@ﬂﬂg&g@éc mpressor.

1-difl u@nsxaldsetdrmthanimwemsﬂedxyet hane "HFOC-245f aEpy CF3

S BT b Y S
@nmmwnnlomz @mu@x-s eupraferdiima thz:sstage nentnfugal
§6,ebEpy CF3CHFOCH3 ' -
t hox 1, 2-tetrafl ugroet hah& 148380 63 6
Hroe 25 ke %@oseﬁ e ghovpiisted
St y duitalsle dor 083 herdrigeratiSn Yo conditioning

PGS BYing % %%ﬁ%&@@ﬂﬁ@’%&g&t eehgnger.

HFOC- 26 NisdigpnedGiré @& @0idR: or near

el poetar oot TR CbbrdtRaBlo wsettin

Mﬂw&%mﬁpwmmmgmwus “The compositions are also -

oo b ARG AT PR S ing s contin

cCAMPressefbi s( 1, 2, 2,.2-tet'r af | uor o) et hane 67429. 44-1

338neeEpidcidsed %Fé:ﬁﬂo%%"ﬂﬁ' roducing
2-(dif] uoronet hoxy) 3,-3-.. .26103-08-2 . 338mzE

"Qf@ﬁl%'ﬁt@ﬂr Bpdabgad @Hn#em@fm&gmmgaume to a heat sink

uSingdhé pres éﬁﬁﬁ@i&%%oﬁmd)bs&:c%&- '60598-11-0 heSafluoro
roane HFOC- CFaCF2CF2 .
-1,1,1, 2, 2,3,3-heptafl uoro-3- 375. 031 347m:cS :

met h oxy P WA&W%@WW@IE INVENTION -

, uortgqomo { gﬂ;@g@wnvenﬁon compnse‘
S w-efnm’* (HFOUR-Thé tefeige Wipbsitiohid of the - .

13 00 R ey oo ok v,

" 56860, SThe flue éis@fme pr@mthiﬁféﬁtﬁﬁ?&ﬁrﬁﬁﬁé‘biﬁﬁounds

cojntémﬁmg%}a%b@ﬁ Orifiecafon z?r%d -at least one ether group okygen.

- The fluoroethers may be represented by the: formula R'OR?, wherein R"

and R? are independently selected from straight or branched chain

: ailphatlc fluorinated hydrocarbon radicals. R'and R? may be jolned to
- form a cyclic fluoroether ring.. The fiuoroethers may contain from about2 -
to 8 carbon atoms. " Preferred fluoroethiers have from 3 to 6 carbon atoms.

Representatwe ﬂuoroethers are !lsted in Table 1.

TABLE1
Compound  [Cherical Formula  |Chemical Name ) ICAS Rgg

: 3 ' ' ‘ Ho
Fluoroethers N
HFOC-236¢aE CHF0CFCHF2 1-difiuoromethoxy-1,1,2,2- 32778-_11-3 .

: : tetrafluoroethane - o

HFOC-236eaEfy |CHFzOCHFCFs 2-difluoromethoxy-1,1,1,2- .. |57041675
: tetrafivoroethane |

.4é




347nfcEa (trifluoronethoxy)propane .

HFOC-

* !

CH2FOCH(CF3) 2 1;1,1, 3, 3;3 hexafl uoro-2- 28523-86-6

$47meE (fl uor omet hoxy) pr opane

HFOC- 347pcf Epy

5

WOCRBEHAOBFZCHF2 1- (2, 2, 2-trifl uoroet hoxy) - 1, 1p@y2ea005/001508
406-78-0 tetrafl uoroet hane HFCOC- CH300F2G1(F 3
12 tdfl uar hoxy-2- 096-56-5 _356ne0E2a S r, )
HF?FTZ%%EIIEO“ bHFzﬁ%@fy')"Et t aan%nﬂ Y me‘hﬂ%@éﬁZCHFCFS 69948-24-9
HEOS 245c8ap3, [6F-0Fal] ToT 0= 3 (42 o s R e A 102
i BEISCHaHE, —(CF
1.1 3 3|3hoxat! Ubr 0=2had iy nﬂdéwz.z 356y 0113748
Hiretaeehiny QpanEr OGHEOC- 35 bp@iGdnyyetichiF 2 CF20CHS ™ 5Bags07-9
3. opgihaame = HFQC- 356pCf EDV
Hm&?@h%ﬁzﬁt%&( 1. 1- dif fdfserertifipopmptiogelang b-
HEQE P45 [ G CHOREFHE OG- 368 Ehog R ZBHp G 26885450
HEOG¢ CHfetEeR) - 1, 1; [2-npthosS0L2-BEef@ocheer afiPirot-o
HEQL-25ebRAY (CEsCHEQCHE CH( CHSIPfr@Re)y-1.1.1,2-tetrafluoroshand |148380-63-6 | -
HPOG-834aEy 0 eTe@FrbRFe- 1, 1, [1-diGRNE08yBR-duorZibnng zjﬁzvra-wa
HEQR-PGPebElp | G haeFrCHREOC- 365%&%3@&@&@6@—8 T I56281:915 |
HFQC-263IERY, XCHaeih0Gil Lor 0- Je-mathBxy A1 arifuereaiamx y pr opane -
HmEm#Wzﬂm&CHFmaimuﬁo-ﬁﬁWéne . |461-57-4 | -
HEQGB8reEpystrCranaRthane JUZEE 2 bntfiuord £-B523 74P C EB6053-882 | -
(*g-nm-r)(ﬂ: CHE?_| - et hoxy -Hifibra@ihdeebsieal | uor oet hiane :
sl 6 %ﬁ?ﬂﬁ@@ﬁ'ﬁ@‘ap H:!:1&9@:#4@(‘s»az@mmﬂuoro)ethane 6742944-1 |
= ]_f :. n hnvu) (Vs , 50426-77-6 HL OC- R?nan .
S u@ogﬂggyﬁ&@é@ﬂane A103453
AR X365 Q%ddﬁﬁwwufmsﬂuommemo EEEREN 160598-11-0°
1,1, 1-tdf ['uoro-3-netli-o fﬂ&%a%lﬁ"z% _ S |
HAGCeC- SSSW@ﬁEzQBmIBEH( CH3), (.CE3}.3-heptafiuore-3- . 375031 |
214?me°{|5 t rif L uor - 2- met hoxPeleesyRgeane32793-45-6 51 WO -
o 0685 S%Weos/(@g@gﬁ‘aw 383peEpy T
IUI\y 0 I
HFEC M phig T Pﬁgt%rrﬁ‘?f ﬁzﬁéﬁc;ﬁ; ey g’llﬁ_ fﬁ-“ - [frisz9s9f
HFOCB A ImdE 2| CRF DCRASPIGHS | UOI@(dfdudmheém@')-‘#T 1BR30715° éaed-&*i-z |
pcS tetraf | yor get hoxy) pirepaivercpdbrshe 3Cl—|FCF2(I3F CF3
1, 2, ICBOREEEIGHFDr O- 3111,421@%@4-@31 6 42- T1giese-&14
Br: ojhoxy iy )2
. @ny_. l._ésszs-asﬂ-e
3- et hoxv- i RGERE _;;,406—78‘0
HFGEpt af | uc@ﬁ@ﬁsﬁg@C& 11 2—mﬂuoro-1-methoxy-2- 996-56-5
350mecE2afyd |- - oxusiono (h'lﬂuommethoxy)ethane" :
 [FFOC- CH:OCF,CHFCFs - 1,1,1,2.3 3-hexafivoro3- _ {32343 | .-

- [356mecEys methoxypropane” - R
HFOC- . . [(CFa1.CHOCH T 11,1,1,3,3, 3 hexafidoro2- o AT =181
356mmz_Eﬁy B . _|methoxypropane .. = . .
HFOC-356pecEyb [CHF2CFCF0CHs 11;1,2,2,3,-hexaiuorg-3- - " ‘

SERE oo ot methoxypropane . - TR
HFOC—356pcfEBy CHFzCFEOCHzCHFz 1-(1, 1-diﬂuor0ethoxy) 11 2, 2-
oo vt Jtetrafluorogthane o

FFOC356paiErs. CHF20CH,CF2CHF,  [3-(difluoromethoxy)-1,1 2.3~ _ 35042-99—0 _
. tetrafiuoropropane - |
HFOC- {CHF2OCH(CHa)(CFs)  |2-{difluoromethoxy)-3,1,1- - 327893-56—9
385mpzELRy triflioropropane
{HFOG-365mcEys [CFsCF2CH0CHs 11,1,3.2.2-pentafluoro-3- 576165

. . : . |methoxypropane . _ : .

+ {HFOC-374mefERy|CFsCHFOCH,CHy~ {2-effiony-1,1,1,24clralluorosthane ~ |50285-06-8
HFOC-374pcEBy |CH:CH,OCT-CHE; . |1-othoxy-11,2,2 tetrafitorostiane— |512-59-6
HFOC-383mEap. CF30CH,CHaCHs - 1-(triflucromethoxy)propane 59426-7 7-6
HFOC-383mEPy |GHaCH20CHLCF, 1,1,1-tifluoro-2-ethoxyethane — WO1-24-5
HFOG-383mEys |CFaCHaCH0CH: -~ [1,1,1-trifioro-3-methoxypropane —— |461.22.3
HFOC-383mzEap |CHaOCH(CH3){CFs) 1,1,1-trifluoro-2-methoxypropane - . [32793-45-6



HFOC- CH3CH2OCH( CF3) 2
2-ethoxy-1,1.1, 3, 3, 3- hexaf | uoropropane 18339-53-8
476rmeE. HFOC- 494pcEpy CH3CH2CH2OCF2CHFI
WO 200540685792, 2-t et r af | uor oet hoxy) pr opane 380- 48pEr/US2005/001508
HFOC- 494pcEyS CH3CH2OCH2CF2CHF2
3-ethoxy-1,1,2, 2-tetrafl uoropropane 24566-96-9
HFORPeIRe iy JSHFEROGHER) 2 Clictiopt] §:3 trifluoroethan 20202-98-6
HFOg-4pq ] 2CEaDFé?cFr%ﬂHFG‘63roa1ﬂh HPp %&37@?21?149333%&%—
”"‘WE‘E\LSCEZU CHECHFCE 3 il L el mﬁfﬁhyd@M'
HFO Sgcgcih ecﬁ'f:%a 1p1, m?&xo o dFOH( CF3) -07-
RFOG. S- U1 11 MH!;CSFEO&;TEEFIJZ' O Sk ,Q,)‘ggrsane (4965~ |2dt3W14-0
B 3 (e &ludiapra a3

HFOE; 1, 1, 2, [PHEFROCE G0N a(dafenot 41,2263702- 07- 6 |erbsberfia -
1467ofcEfiet holxvbut ane i sone ’re»taﬂuenmwcrzomm N R L
HFOS: ( dii f | USHSIERHER et hjAgfonn 55188 Sgpefioropopans18339-65-5

47ommzERy ')QQQh'fgf||'\rnrng COr o da o5

HFORH34spEfin bt FolHE2 1;(3,',\1,2,?‘fe|fraﬁyonﬁe

HFOW@};M&HB 2-(1.1.2,2-tetrafluoroe

!-'le -. -u t S

Camelgabl e corrmercfafl;y (’)r‘ nay Ee prepared by ) o
CaFsDCRL E5 S BEF KRIDMTILG0H, NE |1 1,.2,2,3, 4k 80kidRonrd  CAHICIAHE 6|
(mixtere®f bot N_mi xf ures. of i petrendutae | ndi cat ed i n-Table | .
isomeRkl ar e '@Fa?v%ﬁqf"alﬂ"le co ﬁrﬁé‘ﬂl@m&le xyfetiyr SV (14837028l | -
Vi RrResot . C - 'cit' He -V‘n3$' Ztaﬂqu@ﬂa‘ne'”vfs‘?i@aﬂ S
_.C“fgﬁg"\g{é no g%ﬁé:mﬁ Ofion mé P44 | ow gl AP N
|somlé\§)r m ng. )%FdF@szHg' Or |8 dﬁlorohbﬂﬁfiﬂeﬁ.m& 16375@0835
or in nmixtures wl{~ti hegambofaganwar m ng potentials ‘
| ower than many HFC reefrigerants currently.in use. 10._‘

The conpositions of the present invention may be.

—),

preparme eympaudslisted in abl%ar@avaﬂﬂbi@ﬁ@mﬁaerﬂeély or :

_ma Be P@ 56 e%%réc%sésﬁ&d\nﬁf’i%ﬂh@% C,ESOPPYSRLS-

I st 0. wel desired Co

_ Fp RGatls arehath Mbes G ISAroRm areindicated im dablet nﬁan a&ﬁ" o
'avaﬂﬁtﬂé%l‘nrﬁéi%lal lSrcth 3V (521 A, mﬁnégota ed, if desired..

e plearanpstions Gheaes Ry 'h{aé‘nfmhgti:ﬂﬁ%%htaé%w&on
potentidl hd tove gisbadwearrhirly Potential r For lexempimaﬂmeroetﬁél@ OCHS_ .

| ‘ a!o@&gér/ﬂg&gﬁg @Eﬁ%ﬂrﬁeﬁ é%&%!)ﬁ@i’ﬁ'ﬁ@?g e?‘ﬁuafé%&%l’ ﬁ'?a'n many

10

15

20

HFQ refrigefdnttsionmentheinajse20 CAF9OCH3 and
T Lo TR ong BRI G “@%fng%&?%m
any convenlent method fo combme the desired amounts of the mdlv:dual -
~ components. A preferred method is to weigh the deswed component
amounts and thereafter combine the components in an appropnate vessei
Agltation may be used, if desu'ed
The refngerant or heat transfer compOSItlons of the present
lnventlon include: ' cn
o C4F9OCH; and 1-d|ﬂuoromethoxy-1 1,2,2 tetraﬂueroethane,__‘j;. -
o C4F90CH3 and. 2~d|ﬂuoromethoxy-1 1,1,2- tetraﬂuoroethane,__-
- C4FgQCH3 and 1- Idlfluoromethoxy) 1.1 2-trifluoroethane;.
~ C4FsOCHzand 1,1,1,2, 2~pentaﬂuor0-2-methoxyethane
 C4FgOCH, and 1-(difluoromethoxy)-1,2,2-frifluorosthane;
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10

| N -

o
B o R R

25"

30

35 .

WD 2005/ 068579 PCT/ US2005/ 001508 C4F90CH3 and

2-fluoronethoxy-1,1,1, 2-tetrafl uoroethane;,  CA4F90OCH3

and 1, 1-difluoro-2-trifiuoromethoxyethane; C4F9OCH3
woOaneb/a@ssfpf | uor onet hoxy-1, 1., 1-trifl uoroet hanel?CTstzowooms

CAFOCCH3 and 1- et hoxy- 1 1 2,2-tetrafl uoroet hane;

CAF90CH3 and 1-difl uoromet hoxy 2, 2-di f | uor oet hane;

CAF9 OO @Hg alelrPefilnmryrethdxy24 11,1 QLtBﬂEmﬁirbath@he

353%% aﬁd'ﬁeﬁﬁﬁr%sf}—g%*ﬁé dﬁ‘a Rﬁ@%ﬁ%ﬁa aFO0CHE and
1, 1f QAEQQCHﬁﬂﬂd;Z“dIﬂUGFOZHQtBOXYZ 1, C4RBaTbBthand; 10

e
.t” bg%(géﬂ %@1 h%ﬂi&yrpﬁ g)rigj a%%thaﬁﬁ’FQOCI—B and
2- (dpﬁFQQ@H;@ﬂﬁdx?fﬂuqmlnﬁhg *ﬁ@d@fﬂﬂﬁbﬁﬂo‘ﬂjropane '
C4F9@?E‘53)@H and 2-methoxy-1,1,2- tnﬂuoroeth ne;
aég%ﬁéﬂ@ang%x%ethoxyj 1,1 gﬁﬂuor ee;('tﬁla\rlléJ of orpr opane o

'_ ‘-a '1:90:41290?093 3nd amafﬂmma-ﬁem@@meopane 15

O oREA s A RPN PR 9@0%9@@;@

and trifluorcethoxy)ethane; . - .
1: (2 h
04%9%{3;7?‘5 S Zg%b'Sbnet%E%e?aW%ftWSZLt e
uor o€ fooramathoxy) 1 1,1,3,3,3-hexafluoropropane;
aég&méw QL@W@D('&%{HO‘*W-Q f’ﬁ‘i,@?Z‘.Z)HHxﬁﬁ@&%propane .
1,1 A 441 2.3 heplafiypunarehorrepans; 20 .
MFWCH@&% G, Qﬁaeh’éﬂﬁbﬂmQﬁﬁh@}dfhetboxy)propane ST
T O o RS, ?épd%aﬁtmm#gﬁ@e-
C4F9@Ed®%kﬂaﬂd 3 (diflrotorfethexy)-1 1ot @; 3pamaﬂaé L

"mpg‘%@ﬁ&@i?%@ﬁéﬂ%@%‘fb@?ﬁ? AREROBD T

Qshlmand 111,33 3-hexafluoro-2—(ﬂuoromethoxy)propane . : |
r (Jc @dmaga{cpet(bw&nf&,o}o&m%xyﬁﬁ "3, hLi@{rQIﬁIJ}SQﬁlane

oG ranth :dy3- WUPFQ*'[Z['E&Q}@H'Z-UM opr opane;
- C4F ﬁﬁﬂ%r@‘ﬁdthoxy ethane;

MF%B%&:%‘GHUQS)B amxéﬂaomezéﬁaéth fame;

- GrSERoha 18 A2 hekefude b @“ @?ﬁ‘lgm ‘
and &F&Om—tsuammm(mamﬂmmeﬁmyanet 2 2-teﬁaﬂﬁél@dﬁlarm
L 1ot %ng%ﬁ;&ﬁa@%mhgg@nﬁgfé 15T
1 e%@cﬂaﬂr@&(@llﬂuwomﬁi aayjet, 171~tnﬂuoropropane
C4qF9OCHz and 1, A,1, 22-pentaﬂuoro—3~methoxypropane L e
C4FeOCH; and 2-ethoxy-1,1,1,2-tetrafluoroethane; . - . .. - -
- G4F5OCH; and 1-eihoxy-1,1,2,2-tetrafluoroethane; .
. C4FeOCH; and i-{trifluoromethoxy)propane; .
C4FgOCH3 and 1,1 1-tnﬂuoro-2—ethcxyethane e e g
. C4F9OCH3 and 1,1 1-tnﬂuoro-S-methoxypropane,,f. ; o -
- C4FOCH; and 1,1,1-trifluoro-2-methoxypropane;. - . . ..
C4FeOCH; and-{-ethoxy-1,2,2-trifluoroethane; .~
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{ WD 2005/ 068579 PCT/ US2005/ 001508 CAF90CH3 and
1,1,1,2,2,3,3-heptafluoro-3-(1,2,2,2
tetrafl uoroet hoxy) propane; CAF90OCH3 and

WO 2645/0p83792 3, 3- hexaf | uor o- 3- (pent af | uor oet hoXPOTPINPENR]508

5 C4F90CCH3 and
2-ethoxy-1,1,1, 2, 3, 3, 3-hept af | uor opropane; C4F90OCH3

andC3FgdOe emb 1.1 1 2,223 3, crblaior oprapane;
CAFOCOCHS3 %F?g 2- et ;((% 3, 3, 3- héxaf I uor opr opane,
caFoocHs elfiiupregthe )p?HEE}er’afl uor oet hoxy) pr opane;

ggg%ehlg andet hok - m-ﬁei&ﬂicgrfﬁ-af I ugr op; opane; 10
- - uor oet hoxy) pr opane;
C4F90C:H3 @]ﬂa@@gﬁ@@r@ﬁéﬁ t(fl uoronet %yio) oget ane;
an d&WB@Iﬂh%tWW%B I Bcheptsfiicgepmpane; heat
LT aeaE RS CEREPRAA LIRS O (510 eé%;eg:géﬂl{dragge%kgn may be

azeo i c or near Y opi
o o IRt G ST 6 33 DaKBRIEpIaPG: Of tw0 o
rmre @@@Hg%@%-ﬂ hat, 2@&%@&8@&5 hd;Ng poi nt

hop PRiche chL A ezé“é&%efﬁwraﬁr@eangﬁl A
?g;‘@&ﬁd@ﬂ?ﬂ?sgﬂﬂ—“ qu-ﬁétm oni ng eﬁu’%ﬂ?. n | | |
' ope¢ ‘ﬁ)@ﬁ F%Sﬁ@}‘ %‘@@h F%@%f%ﬂ éﬁ'n%t?é"dgyst em -
- ?d&%ﬁ@ﬁﬁhand@uﬁg@(hklgotropl c. conposi :.I on will not -
ract:i i
air cord ???foﬁ@‘ﬁ%h*ﬁaffe%?ﬁargﬁ?ﬁé@%%frs R et
lnverﬁrq;bﬁ@yt e)azeotrﬁprc@reeaeamtﬁmme cemposHiohsonAni on
HobROchiRBlssen (O rragld Saipddredo W{aﬁeesmﬁééé on

er w tem or -outsi system 25

| thaﬁh?ﬁeﬁrﬁ%f@ﬂ*rhﬂﬂm RIAbHSL Mayrbe gbave gpbelomt el hajling

pois i ttha inditidubi étﬁn bhéivtsd 2206T0H &% Bz8btropie c@FnﬁB%it%n |

wil bR w?ﬁe eramtaBia a1 eonkl o Susiept dupig

opecatigmaihichmayradse afficienepof ther eyetemd Kddrﬁtméllyaén

B o Sl o B, .

refngemﬁqmocalrumndmenmgagetane dn the ditsation wherd baé i's,

ol it bt St U sRsd S BbLE

lead; chiens flgmype l@gmxmtm eitiogr wihinitbe systenbobblisideodithe

' sy Sféﬁpor _ pressureaﬁd t he dew point. vapor pressure of
25

t he cmosrtlo a- particular tenperature are .
subst dhRear ﬂye@miempqaém if 2 suhstaptialiyiaonstad i s
boilingaliqaidentrivRire dfftwoﬁlfrtn%re@rﬁéﬁlﬂ'ﬁs tR&t 58S - -the

evapor ati-on -or

essriﬂraﬁgff%&t 8Rindi sibskncer Qr&wgrr fQ a@aractenze anear

- azeotropic composition Is that the vapor produced by partial evaporatlon ‘

or distillation of the liquid has substantraliy the same composition as the
quurd from which it was evaporated or dlstrlled that is, the admixture

, distills/refluxes without substantial composrtaon change. Another way to

characterize a near azeotroprc composrtron is that the bubble pornt vapor
pressure and the dew point vapor pressure of the’ oomposrtron ata -

‘ partrcular temperature are substantrally the same.- Herein, a composrtlon

is near azeotropzc if, after 50 weight pércent of the oompos:tron is
removed, such as by evaporation or boiling off, the difference in vapor

'pressure between the original composition and the composition rema:mng '
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pressure between the original conposition and the

conposition remai ning 8 WO 2005/ 068579

PCT/ US2005/ 001508 after 50 wei ght percent of the
womopgeassd9 conposition has been renoved is | essdthaRoos/no1s0s .

about 10 percent. The azeotropic refrigerant -

conpositions of the present invention are listed in

A e b U

legs dE perseaE 40,3 59.7 50.7 CAF9OCH3
- HFOC- 245&515&2(9 i@ veffigérarid co o ke mE 46.2
53@3 %f HFOC- 2636bE3y 632. 36.8 51.9
ﬂi@ Brballe 2oy 39 4 60 6 46.9 CAF9OCH3 HFOC-

5 'BMBUE®4. 6 57.7 356mecE2a4rS CAF9OCH3 'HFOC- 374ref E(3y ©
18.9 81 1 57:9 - CAF9OOH3 HFCC- 374@@5@%Ee19 azggtra, o

' eotr "{atl on. %o
|/S3 *deA/wt 1HFoc4£n% @‘i?& 99/@641_ -

IHFOC- 2@6&2@@9@5/ 99- 832
C@Mﬂd—ll:oc- HROCDI2BEPP- 1 394 606., 469__ -
C]-(EW‘HFG} 2RE0E( 3y 1-99/99. 354 646 sTT
C4FSOCH3/ HFOC- ZERtREEDYRl5 99/ 99-1 v

&, 9/ 99- 114 o SRR
H %‘ % 1- 99/,992 9 81.4_ - 57.9. -
et 9199- 11% 801 - 558"

HFOC-383mEys 779 547
C4F900H3 HFOC—C345mzeEaB 395 605 58.‘6-“

' The near azeotroplc refngerant composntzons and concentratlon 7
'ranges of the present lnventlon are hsted in Table 3. _ o
| ','Ilﬁﬂéié F',,l'“; i?,{’f“fiffffrif

Near AZeotromc Concentratlon
e R Range S
~Compounds (AIB): . o s wt% wt% :

CiFOCH/HFOC24588E . - - - . 1-99/99-1. .
' C4FQOCH31HFOC-245ebE[3y . " l' —75/99~25

C4FgOCHY/HFOC-254faE B ) AREIEE TN

" C4FgOCH/HFOC-263ebERy- 1 ¢« it i 0 1:09/991:
 CaFgOCH3MHFOC-272bERy - .. ..~ ., 1-99/99-1.
CsFOCHy/HFOC-347mefEys. . . . - 1 -99/99.-.. .
c4F90<:Ha/HFoc-356mec52a[sys_j‘ UL 00991

A C4FQOCH31HFOC-356mecE75 ©4-99/99:1°
'C4F90CH31HFOC-356mszBy ST 1400/99-1
C4FoOCHy/HFOC-365meEys: -~ - -~ -.1-99/99-1
CiFOCHJHFOC-374mefEBy . .. ... . . 1-99/99-1
C4FsOCHaHFOC-374pcERy =~ "1-99/99-1

- C4F9OCH3/HFOC-383mEpy o 1-99/89-1
C4FOCH/HFOC-383mEys~ "+ . _1-99/99-1 |

- C4FeOCHy/HFOC-467mmyEBy. .- - -7 -0+ 1-89/09-1 .. - . . .
C4FOCH/HFOC467mecEys . .. - - - . 1-99/99-1_
CiFeOCHy/HFOCA494pcEBy .. = . - -99/99-1
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C4F9OCH31HFCOC- 356meE(y" 1-99/99.1
CAF90CH3/ HFOC- 365ntEy5 - . . 1-99/9971 |
CAFOOCH3I HFCC- 374mef Ef 3y -99, 1

WO 2006A58@CH3/ HFOC- 374pcE(3y ' 1-99/99-1 PCT/US2005/001508

C4F9OCH3/ HFCOC- 383ni EJ3y 9-99/99=1

G4F9OCH3/ HFOC- 383nEy6 1-99/99- 1-
C/FoORMBHBOAFO3486enolf( 3y 1- 99/ 99-1 . 1-99/99-1
CsFoOEME3FHBOGH467nTCcEYS 1-99/99-1  1-99/99-1

C4FO000Hs/ HFOC- 494pcE(3y 1-99/99-1 9. WD 2005/ 068579

PCT/ US200 5/0 0 15 0 8 CAF9CCH3/ HFOC- C345nzeEct

1- 99/ %mtlommmnmmﬁelﬁsﬂmgwme “IImaydia addesl to

t

tho SHERT LOMmoCI R i phtods ifRniiBnto Tl tErBRPEEnERer
OI'dﬁbWﬁleéﬁilH@lﬂ%'- or hi gher order conpositions. 5 The

gorrposmé 6% eémbhe oﬂ’ﬂ?e?ﬁfésehf‘ifﬁ@hh@ﬁ oY friidrher .

' onprlse abo ercent to about 5 ht
compITseAhow 1u melme ce%ée.a PS:'ES weight Beraant PB%E’EGFQ{H}%

staB‘l’merCemhwﬁltr@ﬁﬁetMné he present invention may: further

Cor bt e PPy SRl f e fyBnRaR AL R Y °
conqmqe(meultraf-\aoleﬁ ¥} tye gndegitionally talmaluhmzmger@nt. The ,
UV GPERES el BRI} 101 el BRSOty Bt o5cece
comnqeitwwnmmﬂm oae ebseln@%epﬂmmscanee of the dya Biini t y
the Péfn{;@?afn‘t o haht ﬁ’ﬁn%rr Al &ﬂﬁﬁéém&‘i‘ g lé@l@ ﬁbi’ﬁtli’ﬁ or fﬁé?

: erce uor psence under an
E WCfWQfareﬁmretwm phatr-coggitionng @H’P@'aé'é%nb@e Y by

the ﬂ&@l@%éndel of trﬁe Unget 4R ultrd-viokt | eh fsgmr?e‘ﬁ?g gg%.f\s}@rre |
may i gpaded due éepﬁ&.w’@%éeu&w ¥es I 5008 0 the

_ refrigetards.vi ol et of "near" ultra-violet region of the

SRR o BN el SR B

-absoihgHight lethecultrasvioletion frican” ulhamdﬁvegleng:ﬂthany\/\her e

bR 1 conewi%%em@sw .

ﬂuoqugea&xeunderylﬂuw loeahw AYV light thagendis mlatton.vwﬂh |

. wavéﬁafnbﬂgﬁﬁ?\hhéfe ﬁén‘@eﬁ nABRtd B'?‘% ﬁé’ﬁé}hé{éﬁna¥ bBe

et ect e e |l eak poln

deteatpd| Tpietor tinteyest sRAING Bigh il AUprasaant &

o leakmyoﬁi‘élhéé Weﬁep*o"inmraﬁerﬂeéranéﬁww t&ihdlt:@ﬁihbfafp?)@ms
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30

. .35

the. Ruoreggénhc{eagaer? Ee deée&eg at ?h Iea?(I pomp ! gugh ilV ﬂuorescent

| ‘dyes include but are not limited to naphthaiimldes perylenes ceumanns
anthracenes, phenanthracenes xanthenes, thloxanthenes '

naphthoxanthenes ﬂuorescems and denvattves or combmatlons thereof
Solublllzmg agents of the present lnvention compnse at Ieast

-one c‘:ompound selected from the group cons:stmg of hydrocarbons

hydrocarbon ethers, po!yoxyalkylene glycol ethers; amldes nitriles,"

ketones, chlorocarbons esters, Iactones aryl ethers ﬂuoreethers and
1,1 1-tnﬂuoroalkanes ' '

Hydrocarbon solubilizing agents of the present mventlen P
comprise hydrocarbons including straight chained, branched chain or.

_cyclic alkanes or alkenes containing 5 or fewer carbon atoms and ohly

- hydrogen with no other functional groups. Representat:ve hydrocarbon
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napht hoxant henes, fluoresceins, and derivatives or
conbi nations thereof. Sol ubilizing agents of the
present. invention conprise at |east one conpound

wozgels@etserl from the group consisting of hydrocarpPeBsws/aflses

hydr ocar bon et hers, pol yoxyal kyl ene gl ycol ethers,
am des, nitrites, ket ones, chl orocarbons, esters,

|
L3502 i oS RE ol BRI Bfopopape g btane,
igglufege And reptansenit sha rhe opfed thabifjihe s@‘rlgeran‘t isa
ﬁydﬂém%:b GRenithe SBRILIE Y é@érﬁ'ﬁnaf hdt Bedhe BeA{ched

35 cyclic al kanes or kenes contalning 5 or
I?)gﬁgqa BQ'Fbon atoms and only hydrogen with no ot her
functi grtdydrgca:m Seztl?eupgoo /cggbﬂmagl | rigsrléf tnapresent leNidn
ubi l'izin
eGP cenlarer Gl R (Y Bro, Al XS s

- digethy ether (BME)- pent ane: 't shoul d be noted that. if

10

LQFuLT‘T f%‘?ﬁé’a’é‘@'%%%ﬁﬂ?ﬂ%%@ B"*Z"*EQQ%'*"‘SPS&'? %fgﬁe"%
@Bﬂgdﬂp@ﬁﬁateds@r fpnﬁu}agRa[é@R B Mélemlaszéman
qLi‘g‘géi“frbl@ll‘*l-3‘39"@Elh %ﬂe@éhﬁéﬁi W“Ra'lé‘ bﬁ%eﬁéﬁ 0 %en "

%ﬁ;ﬂﬁfp Eyg ﬁmw&lcaii havmsdl: ﬁﬂtﬁ wbcngaf@@&@@,d ¥foc o |
Homelirgy sitesp R i weatedcfmmrsmphm nyembwné PaditAs 'I'?éklﬁ‘lg 3

B _ %g@)%ﬁgé@om?gﬁ? !ecggg& f@nggqya ok e%'?‘i)ﬁ[ F{‘PS?H}F@J%

15‘
.
25
=

35 -

admychalhyﬂlmarbm ngdicais duahmg frami tto 68 darbomgtoms; @t feast

r(ghatlc ﬁ“ 5 Rg%gﬁ oasdcéﬁ aﬂ@&ylﬁﬁé’eﬁf%a‘j tgdtgrim_ .

mﬂkﬂeaﬁﬂlym ethﬁfs bave MOfaCuIﬁnwengbgehfrmbout 100
t@labamsocpa@mc naééscuyrﬁ@ 9nlikg @%@émw ‘9? e glycol. o

av f.rom carbon at j
e@?ﬁ! Sﬂglhﬂ@"&aae dﬁB@@Btﬁd byR K&Rz)&la ]mﬁ@rafegabiu T

¢l preferalsly er‘ ahawlarétﬂmm Vifdeh é’ﬁHe‘?ﬂg's%Iedfﬁj ﬁBFn

h%'gfgrﬁﬁm pg‘@i%?g‘i’? %ﬁﬁt@@ﬁ% eving dp 4<sibon & atozn%g .

gsaptefenabm seleoteddrdm afp héﬁﬁydfﬁaarbyleﬁe radigsisheving v

a%penodaﬁ?@ﬁ%ﬁ%?véﬁ PR BB R ph ¢

K,Pﬁ iyaxyallgrenes ghveol ethes mmwmgr@etghtds paefbrablyﬁbmﬁalfoutﬂz}o s B
3

'S SR bl SREHRG MMM onl bR &R

é&@ fpigENgssualy.nbhe B eng Rt hﬁdro&arwml@smir@ ytmﬁ I

c&bBAatomE 984N BE m&a Wrahchedbed éblﬁgﬁr(egght%ﬁ%lh‘ and...

tom.c

Rp?lgﬁlacgm 'fqdéqﬁtlﬁ %@@m%n%BMMWQBWQWPQRWnWMHSS e

isobiityk sec—bufﬁ?téﬂ‘-baiw p%intﬁ)fﬂé ﬁwp%dpﬁﬁmaieﬁ-ﬁéwng A0

c’%?i%?eé'@@ E@CV@Ong%here f ed by roxyf adi caﬁs on the%?‘éslé:nt |

polyoxyalkylene glycol ether SO]UblllZlng agents ‘may be-incompatible with -

certain compression refngeratlon apparatus matefials of conétruction {e.g:+
Mylar®@); R" and R3 are preferably aliphatic tiydrocarbori radicals havmg 1

to 4 carbon atoms, most preferably 1 carbon atom ‘The R? aliphatic: .- |
hydrocarbylene radlcals ha\nng from 2 to 4 carbon atoms form repeating N
oxyalkylene radicals - ((DRz)x that include: oxyethylene radicals,

- oxypropylene. radfcals and oxybutylene radicals.. The oxyalkylene radzcal.
- comprising R%in one po!yoxyalkyiene glyco! ether solubshzmg agent '
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R3 hydrocarbon radicals include-nethyl, ethyl, propyl,
i sopropyl, butyl, isobutyl, sec-butyl, tent-butyl,
pentyl, isopentyl -neopentyl, tert-pentyl,

WO 208y/@isdpent yl , and cycl opexyl ; Where free hydrcaxsdz005/601508

radi cal s on the present 30 pol yoxyal kyl ene gl ycol
et her sol ubilizing agents maybe inconpatible with

m6RELRI Maf %@Othéss%in‘i’é‘ orr&ferme 5 PRy RRIAIe r@ﬁmﬁl al's

of . cC nstructlo
oxyalky F?”BPH Pf@sﬁ lersﬁjg%plsemf/ﬁt?igbﬂla%

ag«éneea Keterail ﬁ@mpﬁgé%lt [Ha%f an@l@lxy fopyRiROAIdRpMWhite 2

Ao Nt Tofpeatt ra@hé’%hf’aarhnaaﬁ A6 (i aldins

ar(d@@d:udmglw'eSJ -ihel raditcad mest ey liverer, batichalsor cyclic.

- REREAGNES AFRAEE WermeaPior Tk hiVgAo Torkting Sfes

ing @d@ anxamm@rmmybheeadlsal saprepylenei radicatjenbutyienewo
O LSRR TSE AARIRT Lo el

- ang\a aysighendens a@ga? ﬂ@rw%@ahve Roiafiphgtic kydmearagnycol -
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ragitaehahitg hirbé o 'ﬁﬁhr SR si%@ﬁ@vt\%fé@r %s%!é%rde“rﬁreﬁtfrom

, di cal =
polyBfiinely %u%ﬁya% PRGOS Sy RenEaTy AR L28 o
 trilydeaxymyoloblexane andah8,5/tribgdbxyoycibhegand, sy rremh\mg tHewy -

o branched or cyclic, Representative R
hygﬁ%’%'%t%?‘%a' drocar bon radical’s having two bonding

15

20
- ethgly 612H5@[®H§CH(JCH§)G’E@‘| ngcgg@r(tmaroibﬁleh

25

' giygﬁtmﬂw &mldm@a@thﬂh ethetiGHIOIC

si t es. Representativé polyexyaiftylene aiyaet bﬁimlmhlﬂzmgﬂagents .

ndERPHLELE F ik o SBOILR0g CHOIInGRATRMEE

QEZ(HGJTF@Hs)

Syt WL IO L

(d‘g |r1 sftes |
_ gp ﬁf' wryiane glyeal methy (ordimptiaihetieshe, - gl ycerin,

CzlﬁngC&ECH(GHay@(H oBCles) (p@@ﬁylene glycol ethyl (or diethyl): ether) ;

CoIC Y S hromfens E%&;{m&md@m v
@E&E% {Propyie g‘?yw?}!,'_gn%y, L

dieith) <shBhl EROF

| (or@HBG?fMH@M)QH@{@HZGWHsﬂ@]zﬂﬂWM (@ipsopylene .

|, OSBRI G WREE

oo Hg o} Ieft tdg""*””zﬁfﬂw"’eﬁ“@% AT
Gty N e ORGP 1
 (CrPRIERS S bt o). OABOICHRSHGHRH

30

or QiHe) @ﬂnpﬂﬁ;ﬁwéné @lyco!ihf&ﬂW(br LADtyl) SRIEFECH2CH(CHB) Q(H..

CHRIEC SR oB oty sbeBLE B o oot ont )

: .'(CI'BDMCWW&)Q}E(H ol ({OHIM Sg‘ ropyieheglycol t—butyl (or dit -

bt B BRI sy Ol b pbeaisaTt

- butyl (or di-t-butyl). ether), CsH1OCH,CH(CHa)OH (propylene glycol n- .~~~

 pentyl ether); C4HsOCH,CH(CsHz)OH (butylene glycol n-butylether), . - - -

85

C4HgO[CH>CH(C,H5)OLH (dibutylene glycol n-buty! ether), - e
trimethylolpropane tri—na/bUtyl ether (CoHsC(CH0{CHp)sCHg)s)and -~
trimethylolpropane di-nbutyl ether (CaHsC(CH20C(CH2)sCHs),CHoOH), - -
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(propyl ene glycol n-butyl ether),
CAHIO[ CH2CH(CH3) O 2(H or C4H9)  (di propyl ene gl ycol
n-butyl-(or di-n-butyl): ether),.

woGEHARESH2CH( CH3) O13(H  or C4H9) (ti propyl eneg:l(.
n-butyl (or di-n-butyl) ether), (CH3)3000H ’éﬁ@)"iﬂ"—?l’“s

(propyl ene gI ycol t-butylether), 30 ..

CH3 3
(C) SCOpHAC egﬂa @&%5&@5 o(cﬁf;ggge{ugin%ﬂw 80fprise
&@ag GO Fnd(ayclopRIGONR")-],
whypedth F{‘ RBLR?hnﬂfﬂf‘ é}éﬂdéb‘éhﬂbhtl §é1é%feh from allphatl%angi

%ﬁ#@h&%ﬂ&% 83«%%85%% grogm 96@|12nca5bw Btoresﬂar IS,

SuBORHANRINIPRT) RYAiDCayiEns edftatl Hadthg roRYBb 12 carbon -

g??%@eﬁ%%%%%‘gg ﬁﬁgg %trtF'H‘?EBWbIU 2}'%‘1'1 about. .

te-abouty300atiomic IﬁH@CBﬁﬁ?éi@hﬂ@'ﬁald aﬂn’:ides o

QPPQ ?#%?Eﬁrgggﬁ |nvent%§%%gwgsﬁl ﬁzzh@g 3

g Regraﬂu @gth;]ﬂﬂyhﬁdﬂd? ﬁub%téuiﬁﬂwmtm’bandadlcals, that is,
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Iididats EGMtalAMdRondhydrodaehei Qu lﬁ(ﬁ%ﬁs af% ﬁgens
| phatic an g

G B shleriey e 200 Fidep ferg athosyh R

rﬁéy ioptionally |ﬁcluﬂé Heteratdrudbiieidy Hj’/dl@éél'%n%ﬁlcais, that

EARURRS, v B R atbhs Hupaen fare- i@@aen 2%}—) gk~

 afoo(thizedio ammmmaﬁﬂﬁthamlseGsorfmedmft(ﬁrbamatoms In ..
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sﬁg’ E‘hﬂ% 8 2 Bﬁ teroatomsy mush be sansidersd m@@p(mn@the
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dawlbrs atomis tl'th's 'a% e@@ﬁ%@dﬂ carbon
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aim@hmqtibne&lnol@%ula?%/ hﬁ@ﬁtat:ﬂﬁﬁ’ PRéfcpeal dnide %ﬁubﬁﬁ‘ﬁng i.:’i
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thefalf%‘éhgéfﬁonga'ﬂﬁfeﬁﬁpar%?glﬂllfﬁﬂfgt%% FoflesORERR afd -

R? aliphatic, ahcychc and aryl hydrocarbon radicals in the general formula . -
R'COR? include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, -

fert-butyl, pentyl, isopentyl, neopentyl tert-pentyl, cyclopentyl cyclohexyl, B

heptyl, octyl, nonyi, decyl undecyl, dodecyl and.their conﬁguratlonal S
isomers, as well as. phenyl benzyl, cumenyl, mesutyl tolyl xyly! and

"phenethyl
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optionally include heteroatom substituted hydrocarbon
radicals, that is, 25 radicals, which contain the
atons nitrogen (aza-),:oxygen (keto-, oxa-) or sulfur
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| - Chlorocarbon’ solubilizing agents of the present invention
comptise chlorocarbons represented by the formula RCl,, wherein; x is

- selected from the infegers 1 or 2: R is selected from aliphatic and alicyclic

- 15

RBEP&reﬂ?étﬂ@%trﬁé‘golubmzmg agents mclude bist are not limited fo; 1-
.cyanopentane, 2, 2-dlmethyl-4~cyanopentane 1—cyanohexane 1= '
. cyanoheptane, 1-cyanooctane, 2—cyanooctane 1-cyanononane, 1-
A cyanodecane, 2-cyanodecane, 1~cyanoundecane and 1-cyanododecane
- 35 -
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preferably no nore than one, will, be present for each
10 carbon atons in Rl, and the presence of any such
non- hydr ocar bon substituents and 25 het eroatons nust

WO 203@6g0nsi dered in applying the af orenmenti onggr/aBloa&blia6s
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weight limtations. Representative Rl aliphatic,
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Lactone solubtlrzmg agents generat!y have a krnematrc

: vrscosrty of less than about 7 centrstokes at 40°C. For 1nstance gamma- -
: undecalactene has klnematrc Vtscosrty of.5.4: centrstokes and czs-(S-hexyI- e
' | 5~methyl)d|hydr0furan-2-one has viscosity of 4.5 centnstokes both at40°C...
" Lactone soiubrllzrng agents may be available eommercral!y or prepared by
_ methods as- descnbed in U, -S. provisional patent applrcatron 10!910 495
. (inventors. being P. J: Fagan and'G. J. Brandenburg) ﬁled August 3, 2004
: mcorporated herein. by reference o e L

Ayl ether. solub:lrzrng agents of the present mvention further '

“comprise aryl ethers represented by the fermula R'OR?, wherein: R‘ is.

selected from aryl hydrocarbon radicals having. from 6 to 12 carbon atoms

- R%is selected from aliphatic hydrocarbon radicals having from 1 to 4 -

carbon atoms; and wherein said aryl-ethers- have a molecular weight of .-

from about 100 to about 150 atomic mass units:: Representatrve R’ aryl
radicals in the general formula R'ORZinclude phenyl, biphenyl; cumenyl
- mesityl, tolyl, xylyl, naphthy! and. pyndyl Representative R? aliphatic -

hydrocarbon radicals in the general formula R'OR? include methyi,ethyl,. o
propyl; isopropyl, butyl, isobutyl, sec-butyl and fert-butyl: - Representative -
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Lact one sol ubilizing agents generally have a
‘kinematic,. viscosity of |less than about 7 centi stokes

at 40C, For instance; gamma undecal act one. has
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refrigerant or heat transfer fluid compositions comprising ultraviolet. - i
. fluorescent dye fo detect leaks. - The presence ofthe dye'inthe - :
_compostlonsaliows for detection of ieaking refrigerant in the refngeratton -
or air conditioning apparatus. Leak detection helpsto address, resolve or -;;_'

prevent inefficient operation of the apparatus or system or equlpment
failure.  Leak detection' a!so helps one contam chemicals used in the

' operatlon of the apparatus
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T e Iow-pressure gas-enters a compressor where the gas is compressed -

to raise its pressure and temperature The higher-pressure (compressed) -

| gaseous refrigerant then enters the condenser in-which the refrigerant

condenses and. d:scharges its heat to the environment. The refrigerant |

. retumns to the expansion device ._through which the liquid expands from th,e‘, S
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conposition in the vicinity of the body to be heated
and thereafter 20 evaporating sai d conposition.
Mechani cal refrigeration is primarily an application
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pressure. o ; : I
“Urilike a positive 'displacement ebm'presscr; a centrifugal ek
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impeller to compress the vapor passing through the impetler. - There isho ™ '
. positive displacement, but rather what is called dynamic-ccmpressicn. o
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nost of the pressure rise occurs in the diffuser
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c%p%gsw comprise at least:oneof: - BETR S
C4FsOCH; and 1-drﬂuoromethoxy 1,1,2, 2-tetraﬂuoroethane g:r"-.-
_C4F900_H3 and 2~d|ﬂuqromethoxy-_1 1,1 2-tetraﬂuoroethane SRR

© C4F3OCH; and 1~(difluoromethoxy)«1 ;1-,2-triﬂuoroéthane;i(
C4FsOCH; and 1,1,1,2,2-pentafiuoro-2-methoxyethane; . - - o |
C4FeOCH; and 1-(diflucromethoxy)-1 ,2,2%t_ri'ﬂ.u0rbethané;;ﬁff;-.-“ L
C4FgOCH; and 2-fluoromethoxy-1,1,1,2-tefrafluoroetharie;
C4FsOCH; and 1,1-difluoro-2-trifluoiomethoxyethane; - - - -

- C4FgOCH; and 2—diﬂu0ro_meth0xy-1‘,;’-! J1-rifluoroethane; - |

25




A multi-stage inpeller maybe used in a centrifugal

conpressor to inprove conpressor efficiency thus
requiring less power in use. For a two-stage system

wo 2005megrer ation, the discharge of-the first spagfs2005/0601508

10

i mpel l er 20 goes to the suction intake of a second
impel ler. Both inpellers may. operate by use of a

S' ”@L!fgcfd‘ﬁf Lnd 9" m@ﬁcﬁqp ?@Cﬁ-téﬁéﬁ@m%@maw ld up_a

Ssioh ratio. o I's, the

abs 4 QCHs ae%ar@ﬂqug@h%y-%%ﬁifb@r@%an%. mes the
abS@lFb@CIH?JﬁﬁdQQn@ uzr?thmm@@mhﬁeof a two stage

Tt 259 TeTe b -FlbchebihSeg T s

‘5 00 5 0HEH 3 an@qm-ﬁmuar@sz—mbﬂfcwetﬁane,reference The

B 511 B BRI 2 GHIOER Bl

_enpl oyi rtgﬂaomﬂtmaybeigahe conpressor conpriseé at l.east

'on té)tqg? uorgfeﬁg P’sz&ggtﬁ&%géth%é‘ .

| "2 of.:ﬁs&%wh ax@étuprqm@tmwr,aﬂ|,%a%mmw@ropropane

|ﬂuarometho xy)-1,1,1 ,2,2,3-hexaﬂuoro ropane

R e Rt e

an CFO0H4 aad 9ES Basirhfidorb- ﬁ—ﬁﬁﬂddrmewxiymepaﬁ@ |

R o G admometierish et enetuetiae a;;d'- :

15

20
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1 Eﬁgﬂmﬁmd&(dlﬂﬂbmetlﬁbdyMy‘b,ﬂME—ﬂen FHIED

2RSS St M 6ol

| 1 r%{ﬁu@@-lalarld 1,121,863, Bichafiose-Rafflboropasthaxysrapane; '

Fﬁ%ﬁ”ﬁ@‘? -%a@%%%ﬁ&@”aﬁ%%@a%ﬁw R
Q@naqdﬁ%tﬂlﬂ%% Jemathexy-8- caFoocH3 “and . o
t.-ﬁ]ublmﬁé éﬁ@(yet hane; C4FQOCH3 and: d
CAE9OCH3 R
#Fwé@m@en b s herauoe e o1
2 Eﬁm{ﬁﬂwmo‘) atSmme‘xaﬂﬂEHﬂzhﬁeﬁmypmpane e )
: orre&alm)%b 31 &inexaﬁugr 33'1%5@1&)'}(?&0%%8'0 ane

. B 3- @iFHO0b;cmet Miw)dmudrohtﬁo@)gl I‘lé&@fﬂaﬁnﬁiumoeﬂ:ane
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SRR e 2nd Sditpommeto) 14122 %@waogs%r)a"e o

_m@ﬁﬂﬂ@l—hmd 2~(d|ﬂuoromethoxy)-1 1;1-trifluoropropane; - -

SR LS ?éf.ﬁt’e@&lgzc?%z@&“%ﬂfﬁ@“e
ﬂﬂf’f%’@ﬂ?@ﬁfe 7 a&ﬁ@@f@ﬂg hane; ...
3 01 0@%% RROMyl1 1,4 2 XeBraRaBHHANS: opr opane

S _1 tmﬂ"&WBQ@T?WWWPBﬁE?hoxy) or opane
30 o

' C4FQOCH3 and 1;1,1-trifluoro-2-ethoxyethane; EREI
- C4FgOCHS4 an_d 1,1 -tnﬂuoro-B—meth.oxypropane L sl
C4F9OCH; and. 1,1 1-tnﬂuero-z-methdxypropane,

 C4F9OCH; and t-ethoxy-1,2,2-trifluoroethane;

C4F900H3 and 1,11,2,2,3;3- heptaﬂuoro-3—(1 2,224
“Hetrafluoroethoxy)propane; - i

" C4FsOCHg and 1,1,1,2,33-hexafltioro-3-"

(pentaflisoroethoxy)propane; .~ . o i
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CAF90CH3 and 1, 1;
1, 3, 3, 3- hexaf | uoro-2- (fl uor onet hoxy) pr opane;
CAFOCCH3and1- (2,2, 2-trifluoroethoxy)-1,1, 2,2-tetrafl uo

woroed/kvaivoe; CAF9OCH3 andl, 1, 2-tri fl uoro- 1 mﬁ@?%%zo%wm\os

(trifluoronethoxy) et hane; 20 CAF90CH3 and
1,1,1, 2,3, 3- hexaf | uor o- 3- net hoxypr opane; C4F90OCH3 and

1,1,1 h f t d
| L RS A R
and 1CeRs0CHs Arddroliomply] 2.2, 5 heptallieraniopaaehane:
C4F90G|‘F§D@H afd 2—etho -1,1,1,3,3,3- hexaﬂuoropropane '
DN AT i
t1 r |1 f Il(DQIFgﬂiEHpand 3-elaeipACHZ, Ztl'ti'traﬂur.>r<3propan(§a4 o5 OCH3 |
U a an

2" ot nGEEAICES AL 20; Pt HRDRISBB Binesbaana. -
i ?: hG?E/gQClila and&&dﬁhﬂwﬁeﬂu;gnegﬁg%ﬁﬁﬂgoand :

r ane, an .
111, 1St #%l@ﬂgﬁ gj‘(‘)t%@t%} ‘et hane; = CAFOOCHB  and. 1:
1, 1. t Fhesa gboyeslisied soRInsTinnsare aarsubhl fmdseina
#mﬂts—étabbfdeﬁfrff@ga? CEPAPIESYEY, mﬁé%bl&%%% éé‘l‘i'tnfugai

et hox 2-trifl uoroet

: @@P@Sﬁzé aj?ng%t af l uoro-3-(1,2,2,2°35

<t et r af | The eﬁﬁpQS&‘bhf;@lﬁmpres@ﬁFﬁQ&iﬁoﬁhﬁh be used in’

W plecombtwstiinesin it

rgitigaretign systerhs2 Statiodaryerit ediditorning apdieat ﬁAE@OCI-B

@%&%@f@éﬁ b vhnlof, dydet SRR, HabRRIEHBRRingl sllers

anfFoepmereialy inclyding pgcﬁaged regftapor Beffigeietwpraqmnauom

F9OCH3 and .
C@Eﬁ@@fﬁ@og and figepetso mellein €99 ﬂrmea@#eem anﬁport”

refnge@ﬁm.@gd C4F9002H5 These .above- Ilst ed
corrposn ons are uitabie for-yse in

: :Eélﬁ&@@dh%@ &Tgmféfnéelsaéﬁsﬁrffﬁ%\%oet éé;%ﬁgglgiﬁés self-

e T CerBhgs P Re ar fia.hRReaL kPRI ey ARl be
,used |smg;mndue:mﬁng thagtihg almmeﬂmatiomsyﬁemsttﬁat éﬁhplo fin -

<08 a0 B35 gk G BickiiRignel BUBEbicactRs aﬁybﬁé’@c&‘ or

KO%’@h gingleopaisstubedr platertypehett excharmisess .

 Stati O”Q‘fc}h\éhheﬁél'}ﬂic%%ﬂ?%l Aagt Ef&fan%@may rot be ldeal

for the fow pressure refngerant cempesntlons of’ the present mventlon The
low operating pressure and denSIty result in high.flow.velocities: and high
frictional losses i in all components -In these cases; the evaperator design
may be modified. Rather than severat microchannel slabs connected in

- . series (with respect fo the refrigerant path) a smgie slablsmgle pass heat
- exchanger arrangement may be used: Therefore, a preferred heat.
' exchanger for the low.pressure refngerants of the: present mventlon isa .

single slab/smgle pass heat exchanger.. T Y
In addition to two-stage or other multi-stage centnfugal compressor

- apparatus, the following cemposmons -of the present invention are suitable
. for use in refrigeration or air conditioning apparatus emp!oymg a smgle
. slab/smgle pass heat exchanger: . : - '

C4FOCH; and 1-d|ﬂuoremethoxy -1, 1 2 2-tetraﬂuoroethane
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15 applications include w ndow, ductless, ducted,
packaged termnal, chillers and commercial, including
packaged rooftop. Refrigeration applications include

woO 20@8@68sbi ¢ or honme refrigerators and freezerpengﬁmbmm.,{,g

machi nes, self contained-coolers and freezers,
wal k-in coolers and freezers and transport

SO a0 DTS PNl

present in use

i (CAEoRHS ol igdlifHeRmetoRA T f1e21¥r'f!j@f@@’ih6ﬁesyst ens

t h@ﬁm@wymﬁd n, 1 ARG E&%ﬂb@ﬂi—ﬁﬁéﬂﬁ@

AT M NN to{r@ﬁ 2R ot
o 2R fRCHIrBRIoxE 131 f'g%bmff's“d“??f‘g?f rangers
%@hﬁ%@:ﬁ? 1f‘i'ié”?fPeéé’i‘f?”Tﬂ i ;"e;heh- |‘3¥v| -
06} gareb 2uifhicaomictiany .m,,i o
32'@? TP v ﬂuaﬁo%?hg o e
FOcH, A0 5kBiAfa

tdses, evapor at or déSI gn

. m E.Q%ancbw-drfmtm@ethmﬁav@ﬂmme ianechannel.

sl F @ameéﬂc?ﬁ- SthoRRh | ﬁ-tﬁﬂhén%eﬁ?aﬂée‘?t to the

B oo 10 Fbiceaties, s, s

]prﬂﬁoemm-ﬁnﬂmmez-niétho hhAey - pressure ..

< Rt e {2 Abeeh éﬂg’Q’f‘?ﬁ#QQfﬁg@?%@&'e

tvvo st agefiuoroethbry)etharig;- st age centrifugal. CONPL.esSOr -

DRtk s-é@h%@ﬂw@cwg?@%ﬂf@éf.“gef;ffgztor -

. a| CabeBfiHd and 2¢diflppramethexehbilol;Bi#3-hexafigoropropane;

ﬁ oro @lﬁ?@dlﬁﬁ@t‘@ﬁ ﬁaw‘? gf u 870 %@0%9%

Sbland Kl 228 8rentatisyocrrtheryniagane; -
%@WX)@ é—tétréﬂu”orbei«(tﬁﬁhéﬁnﬁ’&hBﬁmmpane, AR

| SOC ek Tr&&?)dr&uqmgthwwub?e%%m@éaﬂwgﬁbm L
-.an®4ﬂ? @c:Haaar@r ablouRIfORy REHInR D muomw;ma;ns

%&é@% d'fﬁﬁ?%ﬁq >ﬁgtrrhL'1tl.c)rlc)lrjrtn)e':rtﬁoxgtbpropane

] _1 C4P,OEHaafrduty ;ie?»,Bahhexaﬂidtﬁ@@;Hmeomethoxy)propane L
3 GO e o T BB 1 S e ol iRy ?anq“
e &g{z@gwﬁﬂr? @12?;:1393—}1meﬁmfﬁez?e 16:422}%5%_8nd d
1- LRl e I f] uor oet hane an

T B A 1

!-

di GYFgDOH;-and 1,1,1,3,3,3- hexaﬂuoro—2-methoxypropane, :

. C4FoOCH3z and 1, 1,2,2;3, 3-hexaﬂuoro—S-methoxypropane
C4F900H3 and: A1, 1-diﬂuoroethoxy)-1 1,2, 2—tetraﬂuoroethane

- C4FsOCH;5 and 3-(d1ﬂuoromethoxy)—1 1,2,2- tetraﬂuoropropane
C4F9OCH;3 and 2-(difluoromethoxy)-1,1,1- tnﬂuoropropane,

*JC4FgOCH3 and 1, 11 22~pentaﬂuoro—3-methoxypropane .

o _ '-"-’:.:‘5=C4F9(DCH3 and 2~ethoxy-1 1,1,2-tetraftuoroethane; -
3

“C4F9OCH;3 and 1-ethoxy-1,1,2,2-tetrafluorosthane; -
- C4FgOCH; and 1-(trifluoromethoxy)propane;
- C4FgOCH3 and 1,1,1 -triﬂﬂoroé-ethoXyemane; CE
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2- met hoxyet hane; C4F90CH3 and
1,1,1, 2, 2-pentafl uoro-2-(2, 2, 2-: CAF90CH3 and
trifluoroethoxy)ethane; 15 C4AF9OCH3 and

woladseeexbi s(1, 2, 2, 2-tetrafl uoro) et hane; CAFIQEHRsHMIS 001508

2- (dlfluoronethoxy) 1; 1,1, 3, 3, 3- hexaf | uor opr opane;
C4AF90CH3and

3 (AL SR aneL 10N 1 Judhos- frcth BRbbAAK 0P oPane:
, 2, 2, GsF e and i, ttdfluarorbmgihomiepanecAF9OCH3 and

MFgﬁmlgféﬁd@Ié%héxﬁ 4 b 4eRITBLIAAE) Propane; 20

1- ( 2j G4l G ot Ho ks 2,8 %hﬁpt@ﬂgoﬁéﬁt(éfa %87 oet hane;
C4F9OCH3 at@flraﬂuoroethc)xy);:)rc»pane ‘

3, (SLISATENON 1 b o 2Ry Luoropropane

1,1, 2, 2- t(pbn@ﬂbcmeihﬁx}opro;fdneoronet hoxy)prdpane

e ERRPLLES B?BEQH%W“E%EGM: -

and 1¢{R0CH and Bﬁtbomﬁ Hok.2)2,3,3theptafluoropropane;.

2.2 ik pidmpaneblanse 1261 gﬁf%@ﬁﬁﬂﬁﬂ%gr%%xf;et nane;

C4F9 QCHzand 1"(2;132 H@Pﬁﬁﬁypr opane; . -
CAF9! OCHark 3-cthéxy31 T, A exeirafiaérpiopsriel oxy pr 0pane

g R 3.3 osorratuomethoryipropane;

15

.25
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.'ﬁﬂ,iéelhl
.20

c4Fgm@mmdmzﬂdmﬁbmmomemynofeﬁneew af t uar.o- .

) gt ?g:t?‘fFﬁQ%%ﬁrqcﬁHﬁ 5-tetrafl Uoropropane;

CAF9OCH3Thadompositions of the present invention are particulary = .

L%eﬁ]{ﬁ' H%ﬁl%ﬂ@ﬁﬁ@é?ﬁ#%#gb@ﬁr&%@%ﬁ@g%%g ‘?e%go -~

ek gond fqomngqrélelaépum@%

A4 Ittt st sl o

rifl /ﬂ%ﬁgﬁnﬁg&ﬁ%@%r ¥pded allows the system 1o prowde i |
. | X .‘
alr%atwe@yr Wq td;o?hﬂgtcﬁﬁél& %@ﬂ@hgan%ﬁﬁ&FOWdes o

prarkunity far, & c[enﬁy impsehwtds espdéialcaBhigher éng:ﬁe

B

: Sj{StB,n]_ Wiergtheays mg: operaixon(quenhmaisymm airh]glane

L éﬁ?}ﬁ%}?@d@qgtafeg lgto acéc%unt ttgﬁaljja/ragtar%e of these mgwm -
Syplems B@W?ﬁ gvan greater.3, 3 hept.af tor opr opane 10
CAF9OCHSB GHE o tift Wym%sére]fe%geénhﬂeiﬁé lo ﬂﬁéﬁfe@.eaﬂe'

" invention may be suitable as drop-ih replacements for CFC-1 13 in emstmg -

centrifugal equipment.
The present invention relates to a process for producing

refrigeration comprising evaporating the compositions of the present .

invention in the vicinity of a body to be cooled, and thereafter condensmg
said comipositions. , '

The present invention further relates to a process for producing -
heat comprising-condensing the compositions of _th_e present invention in
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CAF90CH3 and 1-(1,1, 2,2-tetrafl uoroet hoxy) propane;
CAF90CH3 and 3-ethoxy-1;1,2,2-tetrafl uoropropane
CAFOCCH3 and 2-(1',1, 2,2-tetrafl uoroet hoxy) propane;

WO 200306906H3 and 2, 3-di fl uoro-4-(trifl uoronet hworarei@neisos
or 15 CAF90CH3 and. CAF90C2H5 The conpositions of the
present invention are particularly wuseful in small

the \Héihlt{ﬂ%g g%tdytawlmeﬁeapéﬁ@ﬁ@réaﬁm\ﬁdwmd@aﬂsed in

aut o, dow air conditioning or heat punp as well
COmPOBIiARS. appl i cations. These high: efficiency

m ni at Fhe pf téﬁﬁt'lﬁwﬂionquﬁéﬁﬁetﬂ%@@ to@yro%@sﬂmr\tméﬁyr of
an el ectri C I a er ore e
hedt fraBer Syt T fbeal Sk sreliL il SomBrubar of i
- presenpinveation spredashéatvizandier &.yds £Rdidppassder heat

oL 3P T B SSRGS oY 4 b b B

frormp heatsaurce tesdestsinky at  hi gher engi-ne- ‘speeds as
conpar Iai fiafisfef 'ﬁﬁgﬁtér@rlﬁihzﬁa é?ﬂ'ﬁnsf mgye or femove

- aut ono -con

he %me@eocﬁacss Josation; eRifGdr bq%ﬁ% %s’a“ieéﬁ'a space; lgeation, !
: objébt o BRSSP Astiiafich, ka0 clioh, raomestion. thmeaﬂr@aﬁbme of-
hese_| %gwﬁ)ressure stenépgﬁcomes even rea fS
ﬂ”'éf‘“%@‘ﬂ PP 8RN FPg Y PreYifing T E‘ﬁ@ ?%% Eht
- foricowkmy {amhemtingpRrosiia reblbe Asfrigerationr(or hebﬁt&tgar@atanf &

soff bt T eI 0 LA o,

. thm’“ghﬂ'-@ ﬁn@tranafec prguassi(ng., @vhpuapoiiate or nendemﬁ)su tions .
! aglg% étl\ﬁ1 o egﬁ[ (gl’rﬂac%g% £ﬁ1§ynlﬁlh%tﬁég? trafisfa? MiidsC

aS‘e}’@vaosHl ons 35 The present inventi.on further relates

10 2 PAURAS Solfle 9%%&&@@@%9@@5@%6@&9%%&@ S

COI’T@OSI tions, of "the present 1 nv tionn

shit incesinapbleds/transiers muecoriemoya hedls o body -
Exérﬁp!é% df¢riatdourted rﬁ@;ﬁbé@‘ﬂa@és CVFRY bRkhoBsed) fquiring

| it The | t furt h tes to . -
refiiaIRgon ot Coging: SRB a8 roBIeTRE T fIRGREECRRSA INGur co t o°

' ‘supmnhnadtetsbmldm@epaces teérmirmgrap sohditioning; or tise pagseargEnt . .'

* congR AT AR il TR

be definaskas anyi spate;tipeatior hjectionbedyi aapable ohabsdibing -

i) s BB b G Y e .

Iocatl on, ~obj ector - body to a: different space;
I ocatl on,- 10 Obj ect..or -body. by radJ Aatl on, conductl on ; :

or convectlon A. heat transfer -

. EXAMPLE1 .
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fluid may function as a secondary cool ant by providing
means of transfer for cooling (or heating) froma
renote refrigeration, (or heating) system In sone

WO 3051068589 t he heat transfer fluid may remai n POI/ES2065/001508
constant state throughout the transfer process,
(i.e., not evaporate or condense). 15 Altematively,
evapor ative cool i NgngHcPeeYansr NBxkatd | | ze heat
transfer fluids - as well. A heat source may be defi ned
as any space, |ocation, object or body fromwhich it
i s desiratf eedarl iy etmrged withoane irotialrcomyuesitidreat a specified

(EHBFRLER, Sha PR G0 ofoy 0P o BELEPBREEO T, cucn

ragasuséd.i @"hemmpcmamcfrr vsdlewacbf@deak from thauyessehddie the
tQHfgleFQth% is Fifé?c? Eoﬁ?cQHt rdn'ﬁPS@ Wenglﬂgfér%é%ﬂﬂe ifiall e

Ul o ng air
_cemmatmns rﬁ@mOVAdh@éNh@hﬁW?rﬁ}ﬁ vapgspraesitiedd the any

o%ﬁmmdnqeﬂta:ﬁmg i he 0bs¥el ROAEBARRD! There@REOARI NG
heat . A vap&w ressionrefri ger at: | on - SySt emis: one
84PEI9W. heat sink: EXAMPLES EXAMPLE I

30 V\D 2005/ 068579 . PCT/ UFABEBEGP 1508 | npact of Vapor -
" Leakage! A vessel . i-s ‘charged w t W|th an. |n|t| al _

conposi tion at a- speC| fi e atﬁ[{te d the o
i ti-alsy ure of fi_ ﬁ‘e
e2K owed tl-t? ak f'P%'ﬁ?the

sTﬁel g! falon i
wite Mwt%Bi | Psizne &Baper at [Bsia s hel dkPanst anIE._oun_tl I
50 wej ght percent of the initial" Con"pOSI tionis o

rermved at which tinme the ‘vapor’ ‘pressure of the

@pg@gﬁwmcnmg&(@ync yhe vessel 'is neasured. The
rQ@LBISQTare 15707 0F e 10 Jabie 4 be{@yv3510 Tﬁ\@‘}@ 4

550% Af 1@@1550099 npouRdsg nitialk K
el ta BPS 3%&1 PS|§ :

CAREUIR/ HF 3/ 59;
14, w301.35 G 14 9.63
10/% 00" 14, 5 98 ob 0%

94.600403 63 b3 P96h. 07‘&@@ 3 5996:9070 131 Q%
93.802Q). 0% BYAGO 921&045 99283- ¢ 14 3689660 148% -
90/10° 1242 8563 1179 7 8129-  5A% ..

99/1 1094 7543 10.83 . 7467 = 10%
10000 - 1073 . 73. % _10. 73 78, 93 0. 0%
C4F900H31HFOC—24595E|37 (43 0 °C) o fj-": v e
44956 1471 1014z 14Tt - qon 42‘__ oo%?ffi.i".“
0/1091‘-‘_7. 1470 10135 1470 7 101357 0.0%
20/80° " 14.59° 100.60" 14.56 '° - 100.39°  0.2%
4060 14137 97427 1388+ 9570 1.8%
60/40° 1322 91.1 5 4248 8605 56% -
7525 1206 8315 - 1087 . - 7495  9.9%
100/0- - 8.16- - 56. 26 816 - - 56826 . 0.0%
C4FQOCH3/HFOC-254faE (52.4 °C) S E T
46. 2/53 8- _ 14, 68 101 22 14.68 : 101_22 ) O.G% :
20/80 - 143079860 ' 1414 . 9749 - 11% .
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80/ 20 13.46 92.80 12.87 88.74 4.4% 90/10 12.42 85.63
© 11.79 81.29 6.1% 99/1 10.94 75A3. 10.83 74.67 1.0%
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60080013. 22 1918715' 8872 48 8@.85 5. 6%85.7B/ 25 3B%6
83.0081 1. 1Q48% 7479F79: 9%11149/ 0 8. 19.5%: 26 §.786
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R ot i,
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. CABAO0H3/ HFQZ:8263eBE39 (51.12.8) 63. 2/g338 14. 68%0L, 22

143660101, 244B8% 9dQ560 144355 98. 94 odgd 9 97184 1. 1%

§q013. 7013&%4 463 b8 46

| 1. 8% 90 13428,
91é 13. 12 9% 91 @912 87 891 4 1221
| 889§§'0 0. 26 ; %Q 12 8 39 0
- 80l %H014: 33 6 5% 13. 8 93 98

12, 94.'89. 22 5 1% 99/ 1 11 61 80. 05 11 32 78. 05 2. 5%

CEe0ChlfHFRE-272tbERy {469 °6). 15 0, 0% ‘
CHAB0IE/ HFOE7A7 2110848, (48497 1) 39. 1@'6326 14006 B
1020/80 14. 714531, 4D00I®D% 14.45 99.63 0.6% - -

10/90.° . 14.30  98.60 ,,'1419;; ot 84, - 08% -
© 1799+ .. 1397 9632 :1395. - 96.18. 0.1% -
0/100. -  13.93 96.04 .. 1393 . .96.04. . 0.0%:
60/40;. =~ . 14.47- 9977 .. 1429 .. . 9853  1.2%
-~ 80/20 - 1338 9225 . 1256 - :. 86.60 6.1% -
90110 1204:- -83.01. 1098 - 7570 . 88%;»_-.:;; B
o 99M . 975.- 6722 - 952 - 6564 @ 24%. -
: 100/0 939 6474- - 939 .. . 6474.. 0.0% . -
C4FgOCH31HFOC-347mcfE76 (50 °C) R A S
0/100 1690 11652 16.90 .. 116.52 - 0.0% .
/99 - 16.85 “116.18 1-6.85‘..--;_ ”11618" C0.0%
. 10/90- - 16.40.. 113.07. - 16.26 . 11211_‘_. C0.9%,..
20/80 .-  15.87 . 10942 - 1561 10763-, 1.6% .
40/60 .. 14.73 10156, 1427 ..+ 98, 39 . 31%..-
60/40 .-  13.47 . 92.87 (12.-92,-_‘_ - 89.08 4.1%
© 80/20.. 1205 8308 - 11.63. - 8019.. 35%
90/10. - 11.29 7784 . 1103.. . 7605  23%
9911 . 1056 7281 1053 7260 - 0.3% .
- 100/0 - 1047. 7219 . 1047 . :72.19 0.0% .
C4FgOCHa/HFOC-356mecE2apyd (57.7 °C) . R
354/646 14.70° 101.35- . 14.70 . 101 35, 0.0% .
20/80 - 14.65 101.01 . 1465 . 101.01  0.0%
10/90- -~ 14.57 . 10046 1457 . - 10046 = 0.0%
1799 14.46.. 99.70 '_._,.14.46 S 9970 - 0.0%-
0/100 - . 1445 9963 . 1445 - 99:63  0.0%
60/40. - 1457 10046 - - 14.55 .. 100.32. - 0.1% ..
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20/ 80 14.53 100.18 14.45 99.63 0.6% 10/90 14.30 98. 60
14.19 97.84: 0.8% 1/99 13.97 96.32 13.95 96.18 0. 1%

0/ 100 13.93 96.04 13.93 96.04. 0.0% 60/40 14.47 99.77
wol4o28898. 53 1. 2% 80/20 13.38 92.25 12. 56 86pb91R20h3/001508
6/0 90/10 12.04 83.01 10.98 75.70 8.8%99/1 9.75 67.22
9.52 65.64; 2.4% 100/0 9.39 64.74 9.39 64.74 --- 0.0%
CAFSOGB/ HFodAksz&rp@ﬁE;ﬂo (501.18/ 100 "94.8490' £1%%52

16. ®0/106. 52 13.9%0 969P 16. 863.03116. 1898.8485 1063%8'
0. 0989/110/ 90 1%66@0. 94KB 07: 1$686 112.94.17 0. 9% PR/ 80

15. G00J09. 42 61 HBOD3 L 196240/ 60.95.04. 73 150,
14. 27 98 39 .1%" .60/40 13.47 92.87 12.92 89, 08.

8q3463:80.19. 3.5% 90/ 10

@i‘é §9 9/1 10, 72. 8 6‘9 53",
3% % 7 72 o 47 gg%

C4F9 /HF 4y8( 0 3 4: Gﬂl%g?o

" 10119604 70 1 358@@/0 201%6 14. 65 902201 14
1012018Q) 06/ d2. 5%/ 908658 57 110546 -14.:536.4600. 46. ’[%0%
1/ 990180 46 9912726 14 B4670910 12.046. 0/ 108438 45 9B%B3.

. 1460840 99, 63 1088% 86140 .14 £79100: 4BN2955. DE%32.
o 13%2032 V\o-nao:@@/ 068979 - PCH 436005/ 002598 - 80028y,
.11 uHhd9 9584 O 3%09 8/:10: 13;@5196 3@71% 93

96 ogg 3% 9q/g]}§ g%i 0 gg 94. T s 1% gw -
(50 %/?(1)0]1 573 )’03 7.77 le/g r@[’z 72 -
4E%QQ- ‘

1 70 7.70 10/90 12 65 87. 22 12.65 87. 22

3§§"§BZ @9 132) 54 86 46.0. 1%
455 10032  00% -

| 1/99—s—r- 14_52:—-—100.11 14520010041 0.0% -

~ 10/90 1426 98.32 . 14.200 9791 04% = .
20/80 - 139579618 . 13.847 ' 9542. -0.8% ..
40/60 - © 1326 9143 . 13.06. . 00.05  1.5% -
60/40- ° 1246 8591 ¢ '12:23 ©. - 8432 . - 1.8% .
80/20° 1155 - 79.63 1136 - .. 7832  1.6%
20/10- ~  11.03 °'76.05-" ~10.91 .« " 7522 1A% .. -

99/1:. - 1053 72.60 .-_.~:-.1o».52, L7288 041%
- 10000 1047 ¢ 72199 ¢ 1047 © 7219 0.0%

. _C4FQOCH31HFOC-365mcEyS (50 °C)
<. 0M00 7 15505 106.87 - 15.50 ¢
199 . 1537« 106,66 ~+ 1546
10/90.:  15.20 - 104.80 3_?._'_1:.'?:15.13“;‘ |
20/80. . 14.877: 10253 - 1474721101637 0.9%. ¢ -
40/60 .- 14.11.--97.29 - -13.85 -+ 0549,  1.8% .
60/40. - 1347 .. 9080 ~ 1282 - 88:39.  2.7% -
80/20 - 11.99.. 82.67 - 111.67 . . 8046 . 27%
9010 1128 - 77.77 - 11.07 0 7633 1 1.9%
99/ 1056 ;7281 - 1053 .. 7260 - 0.3% .
100/0_- 1047.,..;_,- 7219 1047 72490 | 0.0% .0

£ 106.87 . 00% &
10659 0A%
10482 05%. .

C4F900H3/HFOC—374mefEBy (579 °C) | it it
18.9/81.1 1470 -101.35 .~ 1470 . +101.35  0.0% .-
40/90° 1469 10128 14.69 - - 10128  0.0%
1/99° . 14.65° 10101 14.65 .. 101.01. . 0.0%. "~
0M00 - 14.65°. 101.01 "~ <1465 " 101.01 . 0.0%
40/60 ©  14.64. 10094 1463 . - .100.87  01%
60/40 .- 1446 . 9970 - 1444 - . 0956 . 0.1%.
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40/ 60 12.28 84.67 12.24 84:39 0.3% 60/40 11.88 81.91
11.79 81.29 0.8% 80/20 11.30 77.91 11.20 77.22 0.9%
90/ 10 10.9375.36 10.85 74.81 0.7% 99/1 10.52 72.53
WO 200806837972 46 0.1% 100/0 10.47 72.19 10. 47 perits0effasoes
CAF9OCH3/ HFOC- 356meE(3y (50 ©) 0/ 100 14.55 100. 32
14.55 100.32 0.0% 1/99 14.52 100.11 14:52 100.111
0.8020 10/ 90144526 DBEB2 14140207. 91 8788 20/88%3. 95
969_0!3013 84108542.98018% 48/930 13. 26691 43 18106
"90994 1.5%M3.B0/ 4@4.12. 46 83,731 12. 284.654. 32 (1.18%06

80/0RA0 11. 5(4.779. @3 .41. 36 18,732 1. 60ba;53 90/ 19,09 1. 03'
76.05 10.91 75.22 1. 1 % 99/1. 10. 53 72.60. 10.52

@Wﬁg& BRI
| (§] .
L 0% %eﬁi oy qﬁzgmé o

B9 14. 871461021 @@75_54 74 &1 63 0. 8R7A0/ 50-9% 11
970112@0 13. 8514804910066  c0ALO 13: 171051;6@0 120.8%.8839
2 40080 80/ 2014189 9910@8067 114468 80. 46100.536 ~dDA% -
1B024) 77. 7413207 98GR 1. 9%4.299/ 1 109889 72. 81.3%.0. 53

@Iﬁ@ 0 3%7100/91943 47 18689 10:4G482. 19, @79%
' (9329 ) 1899/481. 1 lgi590 -

| .
5 10 o 00/ /90 .. 44489 1 S

-14l }) %% 199 %5 101. %g1 14, 6%[% 11, 01 SN
| 0/ 1o 65! 1 5 101. 6 0% 50 - o

4 64 100.94 14.63 100. 87 0.1% 60/40. 14. 46 99.70
04599%31535%- 83minRy (592°Gllo 2005/068579"
P@ﬂ‘l(lﬂ‘azoosn@@?l%osw’sm)zo 18475 97. SGOIWQZ 970 G%o 2% :
901/99 13 95 4084 181(113693 961M40 1% 10163  0.0%

10/90 ~ 14.66° 10108 . 14656 . 101.01  01%

20/80° - 145410025 - 1451 °° . 10004 ~ 02%
40/60 14.15 - 97.56 -__-.--.-.14.03- cii 9673 0.8%
60/40 .~ 13.49... 9301~ 1323 .- 9122  19% .

. 80/20. 1238 8536 . - 12.03 © 8294  2.8% .
9010 1156 ° 79.70 - 1128 . TLI . 24%
99/1. - 10.60 73.08 . 1055 - - 7274  0.5%
10000 1047 -7219.° 1047 . 7219 0.0%..

C4FgOCH3/HFOC-383mE'yS (547°C) S

224779 14.69.£:%01.28 " 14.69 10128 0.0%
10/90 . . 14.66%'101.08 . ;«:14‘.66- ,101 08 0.0%
1799750 1461 10073 14.61 ~: 10073 0.0%" -

0M00 - 1486 © 10066 7 - 146 - . 10066 0.0%.. -

40060 1462 100,80 ~© 14.61 400 73 01% -
60/40 1434 98.87 .. 1427 . - 9839, 05% .
'80/20 - . 13.68 5 9432 - "1354 . 90336  1.0%. .
‘8010~ 1312 9046 = 1299 i 8956 1.0%
99/1 - 1241 8556 - 1239 . .. 8543:  02% -
10000 - 1231° 8487 1231 7 ' 8487 0.0%

C4FgOCH3/HFOC-467mmyE[37 (BO°C)y e T e
0/100 1741 117.97 4741 11797 00% @ -
1799 . 17.06 117.63 = 17.04 - - 11749° 0.1%
10/90 ..  16.57 . 11425 1642 11321  0.9% -

- 20/80 . 16.01 11039 1573 10846  1.7%.
40/60 . . 14.82 10218 .14.33 . - 98:80.  3.3% -
60/40 1352 . 9322 - 12.94 . 8922 - 43% .
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99/1 13.74 94.73 13.73 94.67 0.1% 100/0 13.71 94.53

13.71 94.53 0.0% CAF9OCH3/ HFOC- 374pcE(iy (55.8 C)

19.9/80.1 14.67 101.15 14.67 .101.15 0.0% 10/90 14.65
wolBs/@iks79. 14. 65 101.01 0.0% 1/99 14.61 100. ;@T,%gzﬁg,{,omg

100J3. -40.0% % 0/100 14.60 100.66 14.60 100.66 0. 0%

40/ 60 14.59 100.60 14.58 100.53 0.1% 60/ 40 14. 32.

98. BR/AM. 27 12083 3988.2%6 , 8DI.88 13. 77804994 13.88

94. WM. 7% 11986 10713134 91196213. 27 BH.989 0. 5HB

99/ 199@ 84 881h§6 - 17213'4 83 8f).46 0.1 992.800/ 0 HR%S

88. Ypol@- 78 8fh 47 079%9 CAFS(RB/ HFOC-3830EDY (ih,C)

0/100: 14.75 1101. 70 ""14.75 101.70 0.0% 1/ 99 14,74

Olg. Q 0/ 90 14. 66 101 08 14. 6?
G ﬁ‘?cﬁ s 15é@f§‘i£§° 1Ll 0 e

93. 01993, 23 4 1 8o/ 753.9% . 38: 0:0%2. 94
2. 8I1§/2®0/ 10 13_756 994’60 11.18667: 77 2944% 99/@3% :
10. QU/GE; 08 1345 79258 ' 0.ERB4100/ 0'91.98. 47 0B%19

. 1040760>.. 72.1238. 088.324F90FBEGFOC 3BNEY8 (54.2%C) .-
22, DOHO 3 - Lugefe 53801, 20 fiiog9 1018299, 0% 115%90 o

146GHRIPS 1444 28 0.0 o 1/99, AAp6L 109 o

14, 0:73. % 0 0/ 14, 6. 130756 -1 .

100@%_%? 0% . 1009§ g Bgz 1q§§ 14 6: go 733 /olw j

60/ . 4. 27 0/ 20 L
94 é’?“l 49 0% 13. 190/90 46

- 1299895610% 99/11241 85561239854302%_
- GguQLHIHEOGA94pchly (30 %), 87 0.0-% . -

c4FQtt§€B/ HFO®B.86 7 md 02y (50606 :0/ 100°47.92, 11 QD697 |

17. 1W99117: 977.00. 0%48.2699 17686 " 117. 61B.1F. 04 QBR4H49"

0. 1%@/900/ 90 .7.3716.50.81 114 251016 42 14536421 0 9%%'

20/80 7.75° 5343 748 5157 7 3.5% -
4060 84776840 815 5619‘—-1"*- ~3 8% i
60/40 . -9.14-: 63 02;..;_ ',-8_91_» © 61480 28% o
80/20 . 9.80 ° 6757 9.69 66.81  1.1%
90/10 © 10.14 69.91 = 10.08 - 6950 = 0.6%
99/1 . 1044 7198 1043 - -7181.  04% .
_100/0: 1047 © 7219 - 1047 7219 00% oo
_C4FgOCH31HFOC~C345mzeEaB (s8.6°C). . .
 39.5/605 1 14.70x 101.35 14707 101335 0.0%
20/80- - 145, 101:01.-. 1485 . 10101 . = 0.0%
10/90° ©  14.59 100.60 ' -14.59. .. ...100.60.. . -0.0%
199 . 1452 10011 . 1452 10041  0.0%
0/100 “° 1451 "100.04" 1451 710004 7 00%
60/40 14.64 10094 - 14.63 100.87  04% .77
80720 1443 9949 - 1442 ... ..9942: . -01%
90/10 14.26 98.32 14.25 - 9825  0.1%
99/1 .- 14,06 - 96.94  14.06 - 96.94 0.0% |
100/0:‘".-‘- ;1403 9673 “ 14,03 7 9878 - 0.0%
C4FQOCH3/ C4F9002H5 (50 °C) ._ S o |
0/100 598 4123 598 . 4123  0.0%
1/99 6.04° 4164 - 601 - 4144  05%
10/90 - - 651 4483 630 4344 - 32%
~20/80 - - . .7.01 4833 - . 667 . .4599 .. 4.9%
40/60 . 795 5481 750 . 5171 - 57% .
- 50/50. 840 5792  7.96 54,88 - 52%
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20/80 16.01 110.39 15.73 108.46 .40/60, 14.82 102.18
14.33 98:80. 3.3% 60/40 13.52 93.22 12.94 89.224.3%
3A. WD 2005/ 068579 PCT/ US2005/ 001508 80/20 12.08
WO 208R688911. 63 80.19 3.7% 90/10 11.30 77.91 btTAR20B09808

2.5%99/1 10.56 72.81 10.53 72:60 0.3% 100/0 10.47
72.19 10.47 72.19 0.0% CAF9OCH3[ HFOC- 467ntcEya (50 C)
06068 13: 97886. 3260807 968384 0. 0% . 584899 . ¥R4Yx
90170 13. 949%3. 1166.606 10098t 13.7 98500 ° 12.4% 94. 18

- 06340 20/ 8010137 4269.42. 53 9P3B4 91. 988.60. 6% URYHLO0
12984 88. 320 42. 6618¥ 29 11(,0_9@ 60/ 40743412 83).5%, 11. 94
8 1.'56/ o/ 6 11.2 22 1. 90/ 10
goggo 75. 361(2)1%-‘884%241]%4 g 4§L}99/1 1_62;,'3 72. Oggm’lo 51
72.46. 0.1% 100/0 10. 47 72 19 10.47 72.19 0.0% -~ - °

Theassydisishovrthe. diffefenes,in vaporpressue betvessmthegpriginals

e aiod ilnd o e S et s
been remnover isless thersabautp oe'ceo cpmyelwseﬁ é@e 60/ 40
| pre%eﬁﬁn@énﬁ@n ?h@lmdi@éte%%dmﬁoé%n@@fﬂ{e &e&@nﬁﬁv@ﬁtm& 69

% 69,91 10. 69. 50 % 9
are R SHHOPIC aRAaaplpbS-iky; YHae 20, AGIRPRdS PlesHt e it ; -
shot cdmpd. sﬂﬂzin@ﬁ %ﬁﬂhv@ﬁ%nﬁ@epar( izt V@)OG@' 550 5

hl@%ér%e?' A vaper Sl B ity At 14,169,

©100.%:, 0.0% 1/99 14 52°100. 11 14.52 100.11 0. 0%

'0/100 14.51 100. 04 14:=pA 0: 0% 60/ 40 14.64"
100.94 14.63 100 87 0.14:43. 99 49 1442 G

9_9 42, , lp Speed to Develop Pressure

- Tp speed can be est:mated by maklng some fundamental

o reiatlonshlps for refngeratlon eqmpment that use centnfugal compressors .

.15

20

25

30

' -'The torque an lmpeller ideally :mparts toa gas is deﬁned as

7= m*(vg ro- v1 r1) Equa'tio:h;i
~where . sl
' T= torque, N* o
< . m=mass rate;\of flow, kgls T
. vz tangen’tlat velocity of refngerant leavmg lmpeller mls :
"r2 raditis of exit lmpeller m Eol S
_ 1 = tangentlal velocﬂ;y of refngerant eptenng lmpe![er (tlp

speed) m/s : e
- r1 = radlus of inlet of lmpeller m-

. Assumlng the refﬂgerant enters the lmpeiler ln an essentlaily
radial direct:on the tangentlal component of the velocnty vl = 0 therefore :

_"T =mwvoty .. o Q.Eq(zat_ion 2
. The power requ:red at the shaft is the produot of the torque and
o the rotatlve speed - S ,
' =Tw Equaﬁon 3
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15 *

20

- where.

0.1 90/10 14.26 98.32 14.25 98.25 0.1% 99/1 . 14:06
- 96.94 14.06 96.94 0.0% 100/0 14.03" 96.73 14.03
0. 0% C4F90CH3/ C4F90C2H5 (50 C) 0/100 5.98 41.23 5.98

Wal20028688790% 1/99 6.04 41.64 6.01 41.44 0.5% pldh980s/061308

6.51 44.89 6.30 43.44 3.2% 20/80 7.01: 48.33 646/
45.99 4. 9% 40/60 7.95 54.81 7.50 51.71 5.7% 50/50
g‘é@ 57.92 7.96 54.88 5.2% 35 Y(. WO 2005/ 068579
%82005/ 001508 60/40 8.83 60.88 8.44 58.19 4.4%
80/ 20 9. 67=6BV6&T. 0. 44 65.09 2.4% 90/10 10.07 69. 43

9. 95 68. §P=ke2itbded 71.91 10.42 71.84 0.1%
?O. 3‘6% 19 0.0% The results show

%’PPJ/ 10.47 72.19

C§'Pf erence in vapor pressure between the original
conposi tion andpt:hqr*wermes)éftrr%w renalgidgoa,f 4er 50
wei ght percent has " been ved is |l ess then about 10
percent for. conpositions of the present invention. .
Thr s i nduﬁddowsefugomstflowcrate@thé tig spred fthé Hseslicr 2Rd5

A BB i o BN o P A8 ent

|nvent| on have an initial vapor pressure hi gher t han-
the vapor pressuyg 0f,¢either pure co . EXAMPLE - -
2 10, Tip Speed'ﬁ% ! Defvel op Pressure ﬁtg'%sﬁ@ ed can be. ‘-_,-_L_ :
@@?fl mat ed by making, sone fund_ament aI rel ationships- =+~

~for refrigeratipr W*p nt. that' qé‘raggf,rg fugal

conpressors The torguée aninpel] er y i nparts .
to agas-is defi ned as 15 T mt(v2*r2-v1 *r1) . - S
Equat i onpAAnother exfressibarfatigeaNbowear is tﬁesprﬁd&étt(ﬂlttﬁe

asr%ﬂg%dgérermee%rm el 1

- P m*H,*(‘IOOOJ/kJ) ‘ Equation 7 .

o H, Drfference in enthalpy of the refngerant from a saturated . o
vapor at the evaporatrng condrtrons to saturated condensmg condrtrons o

r_kJIkg N TT

2%
.30

35

produces

' assumptrons it. provrdes a good estrmate of the tip. speed of the rmpeller

Comblmng the two expressrons Equatron 6 and 7

. 3 Equ!a‘:ﬁon 8

A!though Equatron 8 is’ based on. some fundamental
and provrdes an rmportant way to compare tip speeds of refrsgerants i
' Table (5} below shows theoretrcai trp speeds that are: calculated}! o

for 1 2 2 tnchlorotnﬂuoroethane (CFC—1 13) and compositions of the o -

present invention. The conditions assumed for this: companson are:”

L Evaporator temperature x 40 O°F (4 4°C)
- Condenser temperature o “110. 0°F (43. 3°C)
o  Liquid subcool temperature 10. O°F . 5°C)
' "'Return gas temperature  75.0°F (23. 8°C)
Compresso_r efficiencyis  70%
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HFOC- o 50.0 90.0113.38| 94 | 21.8 {147.6] .111%
- 467mmYEI3Y S A R I R " '
. HFOG-~ 1. 50.0- . 150.0{13.38] 9.4?'_f 21.8 {14761 -111% |
1467mecEys... - IEEREETEEE TR N PRVEIES PR AT
HFOC—494ch[3'y - 50.0 " 150.0}14.82 -104 24},_1 155.3{ 117% |-
- IHFOC- o - 395 60.5113.15] 9.2 | 214 |146.3| 110% .|

10

vi = tangential velocity of refrigerant entering
inpeller (tip speed), ms rl = radius of inlet of
inmpeller, m 25 Assunming the refrigerant enters the

wo 2005piektser in an essentially radial directi gurdid8osnotsos
tangential conponent of the velocity vi = 0, therefore
T =:nmrv2*r2 Equation 2 30 The power required at the
shaft is the product of the torque and the rotative
speed P = T*w Equation 3 36 WD 2005/ 068579 '

| TWI&D@M@GM@&@HW@ whighhamall tyibine-centrifugale

cohif8Ssors perormt herefore, -5 P T*w = ntv2*r2*w Equat i-on

4°At lowrefrigerant flow rates, the tip speed of the
i npeller and the tangenti al veI ocity of the
refrigerant are nearIyTﬂguE@al therefore 10 r2*w
v2 Equation 5.and P = WEquatl on 6 Anot her

‘ or i deal -power—is.the nrnr‘lur‘f of the .15
[ Hbkeraet of Gf@@%zj!bé i i HED €| Hith-it 'OWQ’A' V2 rel

eemnasitionn, | P wt¥%r H [+ (B ot Bteiyitl/Eg| misvh de CRE-
= Differenced in enthal py, jof the reffrigerfnt ffomlt3

- |Crfugated 20 vapor gt theq@eapord 1ng7 @MBIBINSHID |
lc,Fa0EHRt €0 cgndensing jcond{Tiong,  KJFKg. "Fombr piing the
[ é/\@;)expresm ons Equatl on v-and}|.7 prod'ucbs_, vP*v2

7 RN 3 414 W AR ra
HFﬁ(h BERY It hadrd p 9961 hi-3B eI |ePT & 1142R, 111%
HFGGe54EaE an |; rm‘kﬁ?ant 588 | 118.0nB 3 d 21.7 Eptras 410%
HROG-268ebBpy 4. BhRe 4 368 p18.44H0w8.4t HeRt .t | T41.91 | P11%

HFOC-347mcfE'y§ . 50.0 50.0] 12.8 | 9.0 | 20.8 [144.4| 108%

HFOC- | 354 |646]1326] 9.3 | 21.6 |146:9] 110%
356mecE2apyd o N SRR I N
HFOC- | 50.0 |50.0|13.13| 9.2 | 214 |146.2] 110% |
86mecEys. .|t | |t 1 1
JHFOCG- | 50.0 [50.0{13.12[ 9.2 | 214 [1462] 110% |

HFOC-365mcEys | 50.0 150.0]13.65| 9.6 | 22.2 |149.1] 112% |
- [HFOC-374mefEpy] - 18.9. . [81.1|15.05| 10.5 | 245 |156.5] 117%
[HFOC-374pcEpy | 19.9 [80.1] 14.9 | 104 | 24.3 |156.8| 117% |
HFOC-383mEBy | 50.0 |50.0|14.86| 104 | 24.2 |155.5] - 117%
HFOC-383mEys | 221 |77.9]16.44] 1137 26.3 [162.1] 122%

The Example shows that compounds of the present invention
have tip speeds within about +I— 30 percent of CFC-'I 13 and would be
effective replacements for CFC—113 with mznrmal compressor desrgn '
changes. Most preferred composrtrons have trp speeds wrl:hm about +!- 15
'percent of CFC-113. .. :
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5

10

15

30 for 1,2,2-trichlorotrifluoroethane (CIF (C113) and
conposi tions of the present invention. The conditions
assunmed for this conparison are: Evaporator

wa wapesssmour e 40. OF Condenser tenperature 110. QFrfA%odtises

35 Liquid subcool tenperature 10.017(5.5C) Return gas
tenperature 75.0F (23.8C) - Conpressor efficiency is
70% 37 WO 2005/ 068579 /001508 These are
typi cal conditions und%ga %Oémal | turbine _
centrifugal conpresBerformanicerDatas TABLE 6
Refrigerant C4AF9OCH3 Wt % H H *0.7 H *0.7 V2 V2 rel
corrp03|t|on Ww%B Btu/lb Btu/lb KJ/Kg ms to.CFCG 113
CFC- 113 lablea shays thegoerfrmange of vernipgomsigoprants (B) :

dtﬁ%@ﬂi@iﬁ:@ﬂ 13, Stheldda- a'?@ b%s@d & tﬁe*&%v?iné%é)r{@i itions.

A

HFOC- 252‘%‘&@9{8@%%@98 é,“)z(il_l é(‘&ﬁ%‘)z 110%
HFQOC- 263@bﬂ0ﬁse@‘39r21p8fht@r913 441 190FL(43, 3. 9 111% -
HFOC- 27 15. 3 0°1.58.0 119% .-
HFOC- 34%@@5‘%’8"8@8’ 12. 83'8 ‘%“Q:zé %’%1)44 4 108% .
HFOC- 35?atuﬂagasiemaersmne 21. G510 @31aWp 356mecE2a S
HFOC- 4 146.2 .110% 356mecE

S HFOG 5%9'89"%)508 Hﬁme}%ygs }70 °146.2 110%", ..
356mMEE HFOC- 365ncE S 50.0° 500 13.65.9.6 22,2 149. 1

112% HFOC- 374nef E-18. 9 iBIEY5. 05 10.5 24.5 156. 5
117% HFOG374 cE 19.9 80. T 1#.9 10.4 24.3155.8 117%
HEOG383nrE . 50 0 50,0 ‘ ' 155 5 -117% .

, 1486 10 4 24 .
HeRlgera@ S ME wd, 7wl f&i’ Lﬁ?i‘ii ey | 20s Pl %I%%iFZ ;flsg Capacity|
DikeaB| (Bk] | @Pa) | 1chifo] Tdfp/ P ’lEtttH SR

Fomgpsitics) Qﬁ@@ix&fﬁ : _ W)

50-0-50-0_-13.-38 4 '>1 8l (C)

CFCA13 , ‘ 27 17181128188 (1563 | 69.1 [4.48] 148 0.26

C.F;0CH; . —
- lplus {B):

HFOC-24BaE | 403 | 507 | 21 | 15 | 113 | 78| 1513 | 063 |435] 142 | 025

[AFOC245ebEpy [~ 44 | 95.6(-30 | 20 | 148 | 103 | 1567 | 704 |416] 194 | 034

|[AFOCZ5HRE | 462 |53.8] 20 | 4 | 106 | 73 | 1528 | 668 |4t 133 | 023

HFOC-263ebEgy | 63.2 3681 26 { 18 | 129°| 89 | 1458:[ 632 [4.08] 162 028

HFOC-272Epy | 304  |606| 25 [ 17 | 128 | 88 | 1602 | 712 |422| 167 | 020

[RFGT- | 506 [500| 20 | 4 | 114 | 76 | 968 | 562 |401| 132 ] 028 |
PrmemEgs | i IR RS RN TN R Y I |
HFOC- 354|646 15 |10 | 86 | 50 1395 59.7 |404[ 100 | 018
jAFoc ,-‘.,..50,,0» B0 i7 [ 12193 | 64 | 1384 | B (4] 1ia om0
356mecE‘r& T egEad e f st e T T T
AFOC. .~ 1TE00 JBBq | 19.] 13 | 104.] 72 | 187.0 | 568 |403] 125 | 022
, HF@C*.355"'°E‘1.'5 . 500, 1500] 21 4 5.1 13| .78 -] 1386 | 592 {403 137 0.24
HFOG- | 189 18191 131 9 | 76 j 52 | 1516 ] 664 {420 94 | 0.16
374MGIERY - | e AEE TP RETE RO ST I el ERotie Kinty ENRS

HFOC-374pcEpy | 100 |80.4| 17 | 42 | 85 | 65 | 1487 | 648 (45| 348 | 021

 [HFOC3gsmEpy | 500 [500] 23 | 16 | 119 | 82 | 1424 | 613 [406] 147 | 0.6

" [AFOC8amE |- 221 | 77.9| 18 | 431 68 | 68 | 1500 | 6556|4761 124 | 022

JHFOC: . . | 508 [50.0] 20 | 14 [ 108 | 74 1320 6 (3% 28 1 0.2
467mmyERy ‘ - ‘ T B B Dinhd EEE A I
HFOC- - | 500 50018 | 12 | 96.| 66. | 1325 | 55.8 |3.95| 11.2. | 020
467mocEys - ' - ) R
HFOC-494pcERy | 500 |50071 T2 | 8 | 7.1 | 40 1394 | 507 407! O3 0.16
- [HFOG- . ] 395 1605] 16 [ 11 | 86 | 659 | 14561 631 |412] 1086 0.19.
 |c345mzEap : ' T 2

Data show the compos;tlons of the’ present invention have evaporator and-

condenser pressures similar to CFC—1 13. Some composmons also have .
higher capacity or-energy. effi ciency (copP) than CFC-113." '
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111% 467ntcE S HFO3494 cE 50.0 50.0..14.82 10.4 24.1
117% HFO 39.5 60.5 13.15. 9.2 21.4. 110% _ c345neEac
The Exanpl e shows that conpounds ofthe present
invention have tip speeds within about +1 30 percent
of CFC-113 and would be 10 effective replacenents for
CFC-1 13 wth m ninmal conpressor design changes. Most

CEEﬁggrred conmpositions have tip speeds w thin about
percent of CFC-113. 38 1le WO 2005/ 068579

PCT/ US2005/ 001508 EXAMPLE 3 Perf or mance Data Table 7

1S hows t he ég@é@gﬁ&%ﬁgnﬁé}r flu%uéorﬁ ﬁ blg gél@&%ifrgm the group

conpar ed to ata are based
cansistiogbhg condi ti ons. Evaporator tenperature 40.0F

(4. 4@)&5@995&??6#&&%@&%&}‘&@] A3 L1Bfudrddnated  Subcool

tenperature ef'Urn gas tenpefature 75:0F
(23. @@OCTQa’&%ﬂWE@§@ﬁt*@¥¥“1db%&e}raﬂ%or?@%nerABLE 7 Evap

Ev apC4@9®dH 1,¢anms- p&ﬂé‘ﬂlfordqﬁfn{étl&ﬁ&élﬂ&né‘w % wt % Pres
Pr es%:rséH res Di sch sch Capacity CapaC| ty
p

har&h@-@@mroggtnﬂgqrgmethpwane Psia fkPaj,
Termom@umHgm BHighsromethdkr, 1GEtGﬂdo13etRar% 19 12 8 88

OGRS A Gmtion 1322 i%’gﬁ'i%e“?%‘ 1S 1905 66.a
4. 15C,E4ORH ab] -difdtin étheERp- dﬂuér&ﬁ'naﬁe, 3 O 20 14.9 103
155 L e, A b S5 ol 25, 2,23 820 10
36. &P .BCHsl8d12methegy-145 -88udbaahank; 08 162 0. 28
16, PR and i Gelpebastl 1 171 76" 136 8 se2
4. 0 CEDCHLAR B T Z-ensflucio-24 2, HEQTF .36 Hd andiifl@ordetboxy)ethane;
~10 C%FQJ@!%, 4%9115-059013( 1 fﬁ;é,)fl-te]cr%ﬂ@org)eﬁ%ne;

C,FsOCH; and 2-(difluoromethoxy)-1,1,1,3,3,3-hexafluoropropane;

C,4FsOCH; and 3-(difluoromethoxy)-1,1,1,2,2,3-hexafluoropropane;

C4FsOCH; and 1,1,1,2,2,3,3-heptafluoro-3-methoxypropane:

C4FsOCH; and 1,1,3,3-tetrafluoro-1-(trifluoromethoxy)propane;

C,FsOCH; and 1-(2,2-diflucroethoxy)-1,1,2,2,2-pentafluoroethane;

C4FyOCHj; and 3-(difluoromethoxy)-1,1,1,2,2-pentafluoropropane;

C,FoOCH; and 1,1,2,2-tetrafluoro-3-(trifluoromethoxy)propane;

C4FsOCH; and 1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)propane;

C4FoOCH; and 1-(2,2,2-trifluoroethoxy)-1,1,2,2-tetrafluoroethane;

C4FyOCH; and 1,1,2-trifluoro-1-methoxy-2-(trifluoromethoxy)ethane;

C4FsOCH; and 1,1,1,2,3,3-hexafluoro-3-methoxypropane;

C4F9OCH; and 1,1,1,3,3,3-hexafluoro-2-methoxypropane;

C4F9OCH;3 and 1,1,2,2,3,3-hexafluoro-3-methoxypropane;

C4F3OCH; and 1-(1,1-difluoroethoxy)-1,1,2,2-tetrafluoroethane;

C,FyOCH; and 3-(difluoromethoxy)-1,1,2,2-tetrafluoropropane;
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2.

356neeE2 S HFOG . 50, 0- Tp. 0 1.7 12.,. 9.3 64 138.4
59.1 4.03 11.2 020. 356m S .i"""; t. , . HFOC ..
500 . 0. 1.9 13 - 10.4: 721379568403126
022 356mezE HFOC365ntEYyS - 50.0 , 50.0 2.1 15, .,.
.936.6 59.2 403 13.7 0.24 HFOG 18.9 81.1 1.3 9 7.6
151. 6 66,4 420 9.4 0.16 374ne HFOG374pcEpy_ 19-9,

e
2 ok M B P by o
HFOC3&3RESand £2.12 Fpergailucd-23ethaxgprep®el 50. 0 65. 6' -

2. 8- 74
isg%FéééH a:Q?Zeth'a'Eﬁ1 15§)Eeéraﬂl9)é(?&ha ’|%|Fooc-145(1).0 085 o0

7- 87C4f@0§Heand 1- 9@2%1552 Jtetrgfluorogthay®) 467nccE S .

HE 139.4 59.7. 4.07 9.3
%@@9%1 aﬁﬂb@r&@et%’%{&ﬂa% 145. 663.1 4A2 10.6

O 192FOCBaang B4 1-tifopgs2-gthopyathanee conposi tions of the
Pr eSEFLOCHY &R 1,00-thfME:-SVRRxe Sr@ parnd Con?enser |
ressur one conposi tions al so
ﬁaveév: (sélﬁﬁnrgctggépf&grcb%m%;ogqqq ci ency (COP) than
CFC-QLEOCHard Petbixy- 1,2, 2Arifledatigiieant or heat transfer
f u'(gggg oz t gq 25264’;3 teSt%fllflorrg ry—(tl E?z,g{e?rléllﬁuorggtnoxy ;;ré);?

1. d|G4memdhbxy 213, 3-h@xaBlubdretd-mbhiatucdedthayRiropaaéF9 OCH3

d f oet hane;
AR ! L%{d%BWEJ'pen% gienBnids E”ﬁ%i;%xyet hane:
C4 FIeEi R CHaahd B-ethoxyet! 1 111202, 8 3deptailtdrapmoparet hoxyet hane;
Q3PS Sy ot 4 Bl | Vor oot e
CAFS$ER@CHrand 1 -(1efi, 2, zﬁﬁiraﬂn@phfdmw)mogarm f | uor oet hane;
X oet hane;
MFS%%@%d% &%MY 2b t(l,trgﬂu'depHdéﬂé

and 2- uor 'oet hane;
CcAF$EEP Rend 2- (1! 1@# ?ﬁﬂfﬁﬂéo@eﬁﬁwiﬁﬁy@fﬁane CAF9OCH3

and CLngst?anazoﬁalp@érbuqir@mam&%u&naxetwgw and

ri fluoroetho et hane;
tri H I-?and 90025

A refrigerant or heat transfer fluid composition suitable for use in

refrigeration or air conditioning apparatus employing (i) centrifugal compressor, said

composition comprising or (i) multi-stage centrifugal compressor, or (i) a single

slab/single pass heat exchanger, said composition selected from the group consisting of:

C4FgOCH; and 1-difluoromethoxy-1,1,2,2-tetrafluoroethane;
C4FyOCH; and 2-difluoromethoxy-1,1,1,2-tetrafluoroethane:
C4FsOCH; and 1,1,1 ,2,2-pentaﬂuoro-2-méthoxyetha_me;
C,FyOCH; and 1,1-difluoro-2-trifluoromethoxyethane;
C4FsOCH; and 2-difluoromethoxy-1,1,1-trifluoroethane;
C4FoOCH; and 1-methoxy-1,1,2,2-tetrafluoroethane;
C,FsOCH; and 1-difluoromethoxy-2,2-diflucroethane;
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CAFOCCH3 and 1, 1'-oxybis(1,2,2,2-tetrafl uoro)ethane;

CAFOCOCH3 and

2- (di fluoronmethoxy)-1,1,1, 3,3, 3- hexaf | uor opr opane;

CAF90CH3 and

3-(difluoromethoxy)-1,1,1, 2,2, 3-hexaf | uor opr opane;

CAFOCOCH3 and

1 1, r propane; CAF90CH3
%ﬂzoéHé te ﬁ& l‘IOE?trﬁwJ;‘]S%[F‘l%)éér/om‘sthoxy)propane

mpgw@CHand 2- methoxy-1 1,1-trifluoroethane;

L (202 ohl, 48 PRI hobhofyctnaapent af | uor ot hane;

3 ( a‘be%H@m honyd2-pentafliuopo-24(2 Rt GiF06Ho pnd iliHeroethoxy)ethane;

AEFEHBCRNEN 1,1"-0xybis(1,2,2,2-tetrafluoro)ethane:

2-tetrafl uoro-3-(trifluoronmethoxy)propane;
Clah@nd 2-( dlﬂuoromethoxy) 1,1,1,3,3,3-hexafluoropropane;

1 1 WGHﬁaﬁM—@fﬂd&bﬂfmﬁé’tﬂmﬂ I b o DABIHRRAULRIPRRRNE;

C4F9
C %?'Tq Libr & #dtgptafuoro-3-methexyptapalier oet hane:
C4F932Eh€301&mhd 1,1,3,3-tetrafluoro-1-(trifluoromethoxy)propane;

SRR 01 Pl BRL8He4) 4 1 S b BHES QKM hane:
L2 GF @%@@fdm@'fb@mdmkymnmpmtaﬂmmmr@ and

1 1 e E R AR Frori o0 and

1 ( Q4 andriobd Bcx3rhexaflaore- 2 flueromafhionpoestmane;

AFKRIECIRNNG 1-(2,2,2-riflugrogthgxy)-1,1,2,
3- (di f1uorometh (ox " uom% Sxyt)efraglt%tgarﬂggrpg%]gﬂ% 40

CAFSaE@Heand 1,1 2-tr|f|uoro 1-methoxy-2-(triflucromethoxy)ethane;
2- (@,FlocH gkl dndratodiblslmiiRbgBrRaRac:  AFICCHS

and pent af | uor o- 3- met hoxypr opane; C4F90CH3
and CZFQQ%WM 118,358 ?@@f“dﬁW@dﬁ%ﬁB?’ﬁ’ﬁWne CAF9OCH3 and

1 @LHJQ)OHQ,Jandh 22, Zﬁtﬁﬁé)@fludié‘f:%‘?ﬁéth%opaﬁé'zg(x]iB imd

1- (tr (0)¢ ropane;
D s A R sRanS o Ao mmnar
1 1C1F900H3|ainﬂBQdfﬂuﬁBhﬁﬂP@Xﬂf@pﬂlz&etraf@ﬂB%gadae and 1, 1,

1. oEnl R 50 2 PRl R rraregengernc

1, 1CIE.®CH;3n81Nehe 2fdentafloord-XhetRodipropgady af | uor oet hoxy

17 s ol T 0 el ersP@ o) pr opane:

C4F9%9$|‘b|add 1-ethoxy-1, 1 ,2,2-tetrafluoroethane;

(R : Qr opr opane; C4F90CH3
and ? a?'q }(%rﬂiorﬁm%th@?@ﬁ%&%#eaf | uor opr opane;
C4F§E§(§Q§Haﬁdd 2 1et-hifngro-R-ethdxy8thang- hexaf | uor opr opane;

CAPOGRR A 11 uudoB-hehbAblalaRact hoxy) pr opane:

trafl uor opr opane;
CAFSGePEHanad 2 1(11tr|ﬂuqo 2-methpaprapeneiet hoxy) pr opane:

CAFRPIRIRLAY Tt IR dobiihd] uOT oMt hyl ) oxet ane:

A refrigerant or heat

t r aFidP@FHs PO 3 1c1o¥v§633 '%Gfpéﬁflugiﬂ 4?8 2ftefratlygeoethexy)propane;
r ef CjFgOCHL b1 ,q It ,@,B,@-rfésmom-%éﬁgaﬁemmmam%m oyi ng
(1) %eg(l':rl fu conpressor, sa

H; an 2 ethoxy 1,1,4,2,3,3,3- heptaﬂuoropropane

C4FsOCH; and 3-ethoxy-1,1,1,2,2,3,3-heptafluoropropane;
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conmposition conprising or (ii) multi-stage centrifuga
conpressor, or (iii) a single slab/single pass heat
exchanger, said conposition selected fromthe group
consi sting of: CAFOOCH3 and 1 -difl uoronethoxy-1,
1,2,2-tetrafl uoroet hane; C4F90CH3 and
2-dif|uoronethoxy 1,1,1,2-tetrafl uoroet hane; C4F90OCH3

and 2 ent t hoxyet hane; C4AF9COCH3
ond GF0GHe pia ARl St 0 Rl RaRe ' caroocro
and QdeGHu endirft, hﬁ@te&afiub;oelhoxy)prdplau@;r oet hane;
CAF9LGHI ~an f |l uor oet hane;
=6 Cgﬁgn%S%PWng%znéegrﬁ r&gb (?ffl uor oet hane; 41
CAF9CERBCHnanD261 Ehixtytrﬁlumr@thop(v)bmmen@et hane;

C4F9&a-§ n thane;

ocﬁecgngndz? ity gmﬁ"?gorﬁéth%fﬁté %r?g'a CAFOOCH3
and ‘ifeQCHiarzi pr@ﬁt’"&sfl uoro- 2- (2, 2, 2- CAF9OCH3 and
trlfluoroethoxy)ethane CAFO9CCH3 and
bi s 2,2,2-tetrafl uoro)ethane; C4F9OCH3 and

35 2- (of\ﬂt |a Bt C}ﬁaﬁ%aZfotioplc epmpositinaszid GRsrRSIien sefested from the
grédd-O8disiHBng o

al(:glaf::_é%rgogfe 1t tg%)é)ggjt 9]9 welg]ht percer:?t (? ‘lafxg(fﬂl-l;'l gr{doggogrp a9 t%;about 1 weight
1, 1,pkréan?1-diflBoloaptiak)-2 Qrdiftudraatidnex y pr opane CAF90CH3
%zgggx:&esgﬁ%t 1et$) El%gdltlﬁgr\v‘?eléht {)‘tarrclegtl ¢l 9r88ﬁ3 ancf( 3’[)08{ e to a%out 1 weight

1- ( Detvedt 2-methoaet] HoXdrifludrpdth@ne?, 2- pent af | uor oet hane;
CAF9OCH3

- (i 11 uSPAR 3094199 Weloht persent GFLQCH and dbgyt 98 0 about 1 weigh
CAFveEnt hirdifluoro-2- methoxyethane

&é Q&EB%B&B%B l:«ig&ﬁ'g% Weligh hLrdQHTTRIAERY AR BRANGS to about 1 weight

1,3 ,psrcsnh%m‘ﬂomqihw( 1.1 de? dwentativojymerarene; C4F9OCH3

and about1toabout99we| ht percent C,FyOCH dabout99t b t 1 ht
1-(2,2,2-trifluoroethoxy R 5 3- ?etrseﬂ goroethane " weig

mp@wpﬁt hhg-trifluoro-1- methoxy-2—(tr|ﬂuoromethoxy)ethane

1,1, 2- trbﬁémqrt@abod’fﬁbh%?ht ger(:éﬁt'cf #gmﬂa%%ﬁMQﬁtB%B§ut1welght
CAF9OCH3 and hexaf | uor o- 3- net hoxypr opane;

CAFEERRt hihd, 213 %hﬁxa@“%'of? ReRSIPIRAAE2- met hoxypr opane;
: C4 F9CIZHSaBdUﬂ 130 dbalit B9 Feghheeraént F DCHBRIRBIMITAB ABSUL 1 weight

1- (Eeffe%‘. ﬁrqér SEPRGRYSTOR-ReBOYPIPAPS) | uor oet hane;
CAF9COCH3alamd 1 to about 99 welght percent C,F;OCH; and about 99 to about 1 weight

3 (G ELOY PIBLNO)G Aol ek s &l Luor opr opane;
2 (di f | uarcostre tdrabor) 99 wiight percért CRF QDHA RN @bout@HHO GBHA 1 weight

and fl.uor 0- 3- met hoxypr opane; CAF9OCH3
and® etﬁ%%v%?%;g tgﬁﬁpggﬁgppﬁbroethane; CAF9OCHS3
and 1 -ethoxy-1, 1,2,2-tetrafluoroethane; C4F90CH3
and 1-(trifluoronethoxy)propane; C4AF90CH3 and

1,1, 1-trifluoro-2-ethoxyethane; C4FOOCH3 and 1, 1, 1
-tr|fluoro 3- net hoxypr opane; C4F90OCH3 and

1,1, 1-trifluoro-2-nethoxypropane;
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CAFOCCH3 and 1-ethoxy-1,2,2-trifluoroethane; CAF90OCH3
and
1,1,1,2,2,3,3-heptafl uoro-3-(1, 2, 2, 2-tetrafl uor oet hoxy
) propane; CAF90CH3 and

1,1,1, 2,3, 3-hexaf | uoro- 3- (pent af | uor oet hoxy) pr opane;
CAF90CH3 and

2- et hoxy hept af | u ane F .
and 3. et bt opnpucosneSR e b AROPRE R il 85 Tp about 1 weight
C4F9me®t6\fﬂ§h@<yét1h2)2yetfe,ﬂﬁcmemaﬁa 3- hexaf | uor opr opane;
CAF9OCH3 ( -1 et [

CaFo00 s TR SRt el R peBentPiraB LIS i RISRAI about 1 weigh
CAFomeet 4 ol -iflgoro-2.ethaxyetbareaif | uor oet hoxy) pr opane;

gﬁggm‘me %%Ete *Ztgﬁaao%tf JHREi cxgn}_tée&%ﬁf %nFu@b n?ﬁd;%%%?g&? PdKout 1 weight

nearpeé%%)f‘r1dpﬁf'ﬂu%®13ﬁ@@h@>fyefw338%u d conposition sel ected
from the apgrouR a%@ﬁtsggﬁkélﬁ}g p@Fcenﬁ{?‘FgéCI]i Er‘Rj ?&9%9 %gabout 1 weight

wei ght percent and about to about wel ght

per d&HEEN 2 d’frﬁ"ﬂ'&r oh%?ﬁo%z&!epzafwompquaaﬁ oet hane; about 1

tg a?ogt aﬁeut\/\ﬁtbgalbbut@rvﬁ&@ﬁ peAERSFFoBRIambasut §9tctdbout 1 weight
abou

2- meEthek ”@gf&fx&1tr|¥$§ﬁmﬁgﬂ@p’%%t 1 to about 99

wei ght peabogint to GHER@BHRIgH deu&bmuur:]fwoﬁp%r&tﬁmtln do mkt):@hh weight
per ¢ et hane; about 1 to about

99 \ﬁgpc il1 #é?ggt?{)ﬁ'?? 2%out 99 to about 1

wei ght  pbowddrib about 99 weight percent C4FsOCHj; and about 99 to about 1 weight

anodt b5 kI ke e a3 Focda and. abou

99 to abeheutd twebgmgg weight percent C4F,OCH; and about 99 to about 1 weight

dohi & £g3,1- met hoxy-2- (trifl uoromet hoxy) et hane
abod)t%rl toFu%out 99 wei ght percent C4AF90OCH3 and about

99 to about 1 weight percent
1,1,1, 2,3, 3-hexaf |l uoro- 3- met hoxypr opane; about 1 to
about 99 wei ght percent C4AF9OCH3 and about 99 to about
Wé\ngrﬁpotr% caEHosition selected from the group consisting of:
1 1,1,3, 3 QW@@#@B&M@M%?QG@HW HRaR: pe?éé%ﬁ dihub:%methoxy-
abgét & ercent CAF90CH3 and about 99 to about
uo ving a vapor pressure of about 14,7 psia (101 kPa) ata
1, 1¢91nr%,;a’iu,paaﬂbg$dtlggr40>03 met hoxypr opane about 1 to
about 99 vveé\f%t per cent about 99 to about

1 wei ght 639 eﬂéht}e@efétqﬁ&aﬁ'ia apdﬁﬁzﬂ W@ehtapﬁrq%t Sereharg-1,1.2-
43 &lﬂQb\bethaﬁ@h@thUé vatdr pRisSite opabsiR AL 7RI RPANRE a

about 99 to about wei ght percent 1 -ethoxy-1,

1, ZtGE‘Reé?tFrﬁquaB?%éﬂﬁaQe about 1 to about 99 wei ght
per cent @E%@Hﬁpe%eéht @pg@cr%%nu%oméaghtloev&hgm dlﬂuoro 2-

perce trjfluoro-2-ethoxyet hane; about
| aboﬂ‘?ﬂ%y‘?ﬂ%ﬁ‘rﬁm&“’ﬁ@rﬁd’éﬁ?r Rﬁ&%@%ﬂb&% 4Bt (9 Pa) bbut
1 wWehfpetature of about 46.9 °C:
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percent 1,1,1-trifluoro-3-nmethoxypropane; about 1 to

about 99 wei ght percent C4F90OCH3 and about 99 to about

1 weight percent 2-ethoxy-1, 1,

1, 2,3, 3,3-heptaf | uor opropane; about 1 to about 99

wei ght percent C4F90OCH3 and about 99 to about 1 wei ght
percent 3-ethoxy-1, 1, 1,2,2,3,3-heptafluoropropane;

ggogg ;bg‘%t'%?&%ti pgeg?e\ﬁ@%g{;@gﬁ? L&& 85,6 %E% percer%nl% ,?—Bl?lldgrOJ -

1- ( 1Imethoxy22-(taflucadrhetbexygthaneyiaping parpor mbssure df aboutatdiotipsia (101

99 wei.ght . pet %fﬁ&re%ggcgg@?ﬁ&d about 99 to about 1
wei ght " “per Ceén L
2, 3- di f | USrwdglfttperdentiCife@Ethgng 8% ¢ hwaigbf pameht 2kmiixy,1,1,2-

e 5T A

conpemperatie sidbout B4 f€.om t he group consi sting of:
46. 2 wei glat YT e t
T ‘r?e‘?ﬁ%@-%’f%@di i9§Fiui?§?ngg§(f5ﬁﬁr"¥§'gﬁ§é%%mg"e:}lgop o122

pr ed8iRforppthane havingla Yages ipgesgure bf kit 1447 psia (101 kPa) ata

te gpég .4 C, 63.2 weight percent
mgg%.@ﬁ%ﬂégjﬁed&gag% Wé8I ght percent 2-nethoxy-1,1, 2-

t ri f1 uor @dtihwgieht ivatoenioCd.Walpandf @ waigbt rercerth d it 1-ttiflugto-3-
PSi andttddpiohade Rdvi Pl ' 4
o] pERSdpbe Ruha AR BRI T Sod iV psRlif o i

1, 1-'emperayrecfaboweddhoigi@nlane havi ng a vapor pressure

of about weidg! of: A
about 46.3%'%5;7 eléﬁr pgggﬁ'%v\‘}g?cgﬁ%h %Fg@)&%ﬁ@ﬁ%%%%gﬂ%ﬂ%&? %
wei dﬁl{lucr;@m@tghlﬂoxﬂaﬂe hayipg a|vapgrgressure of about 14.7 psia (101 kPa) at a

et RentYerdtukd dflabbiteysd®t hoxy) et hane having a vapor
pressure of about 14.7 psia (101 kPa) at a

tenperature of about 57.7 C, 18.9 wei ght percent

5. CAFQQXbEesahe pRdaubing®ebidralRS 658 brote & Opfisi F;Je'g%%cﬁ'?ting the

tetrafl uoroet hane having a vapor pressure o

14. FopResitionf ¢lajgpd) 2,34 044 ipdhmesiaityaf@ ey dmbricodied, ene,
19. thensiif@htorihSifg saiddspSdtidnand 80. 1 wei ght percent
1l-ethoxy-1,1,2,2- tetrafluoroethane having a vapor
pressure of about 14.7 psia (101 kPa) at a

. t enperededs eor pfodabiay heSDsald fiocdss comiibiBl coM®IneMG the composition

et ACT B b e Skt 1 VS 5b Spee Liraise. ambiferoator
psi evdpbtdling Baiyl cainpasitidrenper at ure of about 54.7 C, and

39.5 wei ght percent CAF9CCH3 and 60.5 wei ght percent
2,3-difluoro-4- (trifluoronethyl)oxetane having a

. vapamginessfusig diie ednapdsitibds af ghesina , @ 1%) lorkRapr ladat &ansfer, said

t e”ﬁ%&%& %Bﬁpﬁéingaﬁgﬁgferﬁr?g ?ai&‘;omposition from a heat source to a heat sink.

The composition of claim 1, further comprising at least one ultra-violet fluorescent
dye selected from the group consisting of naphthalimides, perylenes, coumarins,
anthracenes, phenanthracenes, xanthenes, thioxanthenes, naphthoxanthenes,
fluoresceins, derivatives of said dye and combinations thereof.

The composition of claim 2, 3, or 4 further comprising at least one ultra-violet

fluorescent dye selected from the group consisting of
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5. A process for producing refrigeration, said process
conprising evaporating the conposition of claiml, 2,
3, or 4, inthe vicinity of a body to be cool ed, and
thereafter condensing said conposition. 6. A process
for producing heat, said process conprising condensing
the conposition of claiml, 2, 3, or 4 in the

Vi Ci

evap@é}ﬁmaﬁ@m%g Ibgge‘#ﬁc%ﬁr?%o%ﬁnfégiﬁg ea‘;mthr%&%e% H)%%ﬁ?!iﬂt\rg&enes yanthenes,
conmphExantperesoraphthoxanthenes, fil@resseing, defivativhe af said dye and
t r angdnginat®aé fherd¥et hod conprising transferring said
conposition froma heat source to a heat sink. 8. The
conposition of claim1, further conprising at |east

1@Ne THe donptisBib@ bf didikiQ, BFHENSonsHRINg et %%%efsbﬁimnhhﬁ agent

grou sting of naphthal.im des
QR O SRR U RS R B o PO valkylene
t hi oglpool bibessamidag Ketonxa mithies &lorodaritNe st ﬂ§ctones aryl ethers,

deriyvatives of sa onbi nat i ere
The BBIAEReReR” 38 LA obangs Shatierarh e eigsregt ang
at | sshgilizing @getttaranaetitiod stme u‘:dmpimmSCent dye sel ected
fromthe group consisting of 45 naphthal i m des,
peryl enes, coumarins, anthracenes, phenanthracenes,
1% ant fhermemposition ohclaimi@neksreinapidtsotubiininh epet is selected from the
flu rivatives of said dye, and
con‘gﬁﬂfﬁoﬁglt ereof . 10. The conposition of claim S8,
fur tq}erp%@wﬁ*kyﬁnﬁ@lml dtieers repoerentsd| byl foruig RAGER?),0R?Y,,
sel ect gehdrdipm & BR |%8é‘rﬁ‘ o?rp'i]ﬁi sl |§‘?n 9% eBéﬂﬁWFN&ﬁ?&?ds selected

di met hyl et her, polyoxya I ene yco ers
ket onedtomhhydregessand afiphsitie wrﬁ@fﬁbon @eicalsdaving d tto f egrbon atoms

aryl etdn@yhondiiy ditddt R %rs%%ié@rﬂ%m APflatic hydrocarbylene radlcals having
1,1, 1-trif) uor oal kanes; and wherein the refrigerant

and  sdio0b? [q 4 sHBOLREmE: %r'é splgeted ﬁ@méb(ﬁﬁ)g@@r?ﬁ’QlﬂHEhat'Pta"d
The co rau@&:llé hydrodirbdhl radiiBald ﬂaer@%rﬁ o 82khoh Atdw; lat RESDne of

agent i cted fro consi sting o
pgl yoxI Iaﬂ?é 8 %MP‘;"&F?{%P %égp%'@ﬂicé'alﬁ'?ﬂWI?%eln)sald

f or mul @o%{q(amhﬁ @aadn;ethery\h@xe@ moleXulaswéghtionfre@ibolit 1Mo
1to 3; ¥t a |nte .[romlto4 R 1s selected
v

from hy %Gma ?)H?;{ f ¢ hydrocarbon radicals

havibhg afnrides répreseriverhbiethe s muleR'CONRIRT agi Sictos R’ CERA( R5$]

sel ect [ | rb I en i cal

from 2%8 caﬁi on a do':grﬁsa g%@.gl chdgatly e‘fegge%?fpmlsphaf’ic anogal'cyd'c
hydr ogéydroearbioratadjshisthacing frdm 1alb|1(2>oarbou atoros, @od mbobst one

gadl Calaﬁ)ﬂj(l}ﬁlﬁééwcé ﬁﬁ{megg'ftré ?cr) g?n é’:‘g[}%%{? R4 %%g‘e%?e% ro(r)‘r{]e%iphatic
r adi cahydroeatbyleneadicals baviog frgvl%oﬂ?a:larbphatmnsg land pherein said

et hers s, ,

about - 300 S8 MRAKURE wHBh Koo dyf TS Wbucced it mass

t he fokFRi¥ ae RICONR2R3 and cycl 0-[ RACON(R5) -],

wheggei Retales BPresEte@PPiBToRi R RWM@I%H =4 %ﬁ)‘ ecsgd

from aliphatic and alicyclic hydrocarbon radicals
havi ng '“P?B‘?de”tﬂyogeleé’t%’af b AlicheBgralicysliciang anddwedrosadon radicals

ar omat hévik@rd alto hﬁ\tbﬂﬁGn Efoﬁf@ nd AndréinGRID@RorRs PEP a Molecular

is selected fromali
welgﬁt of from about ‘PO to about 300 atomic mass units;
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hydr ocar byl ene radi cals having from3 to 12 carbon

atons; and wherein said am des have a nol ecul ar

wei ght of from about 100 to about 300 atom c nass

units; c) ketones represented by the fornula R COR2,
wherein R1 and R2 are independently selected from
aliphatic, alicyclic and aryl hydrocarbon radicals

havi 1.ei ' I
ot oo iR oot erkes Gk, AREHHIR 1P s0lp g e
about 39@Ydicenpo! 'Pﬁﬁif,@a[hﬂntrédlcafls haljingnfram Blted2 carbon atoms, and
repres eﬂﬁ&@:n%dtHTﬁleE BB Aol wiBRY & kBmBbolif90 to about 200
selected fromaliphatic, alcchv or ary

hydr oc afB&i¢ PasF WSS havi ng from5 to 12 car bon at ons,

and e)\/\h@ﬂcﬁbéhrﬁcﬂisde;ﬁfbéédtécﬁ% th@Y&rrﬁlamIS%'Jeﬁ,ﬁn Wed gt from the
from about 90 tao about mcC MmasSsS units;

e)
chi or ocAlegBiRs' ¢"épRdseriected E‘}“@H@"E‘% AReplipyge|hxdrocarbon radicals
wher ei Mhavingi fions eleetd @fbdr 6k d WHkeg 84i8 cllo@carbondhdve a

sel ect ed fr m al. i cli dr ocar bon
r adi cal rEo’ "EP@[H‘?”:’[ as%&i@b %/Q%'ﬁg%?%lﬂﬁ“c M units;
wherfgi rarslatmbrsrelpmsemad b tis: hamea R'ORY heetdira R wedetHtteddfom aryl

froma Ss_.unit

et her sq&eéorcég’gﬂﬁé)d %Es%a{vwgq %ﬂﬂn?ﬁn%@ato% J??B df ﬁgie%ﬁé{ rom

is sel efdlpb@iwﬂ'lydrmabym radivabirraeing from 1 o caben dtamis;rand wherein
from®6 t far .
Al i phat e Al LIRS P BBl 1B ahout 150 atomic
car bon r@ssgits;and wherein said aryl ethers have a

ol ggulef 4. Wugrtbtalkglfnelsf re| eré}?ﬁ@c'%y ﬂr\%%rrrrﬂjlaaép W v}ﬁé?elgth'ﬂ Selected

mass unlts gﬁ uor oal kanes repfesent e
the f orffem alichatisrnd alipksfie hydregarpan redicale havng fremmbout 5 to about 15
al i phatdagboa%n@g icyclic hydrocarbon radicals having

fror?oabout to about 15 carbon atorrvs&crl%‘P .

hy drlof INYeeBurraghers repseeantas kydhe fprmHie R fgH, wherein R is

R OCF2 @Eﬁébled %ﬁf&lbﬁatﬁ' andSlicyeid Bk &GrfdnQatiahis RAALd ﬁo.ﬁlaﬁout 5o
alicycl| on radicals having fromabout 5 t

about %6’8 05 a88d j) |actones represented by
st rjct UHo&BIe[s Bpredetled b@frs@rubtmes BRCRadB: O ROR2

R-,, R6 OR2 R3 R5R6 R7 R3 R4 R6R5 R3 R R R [B] [C]
[D] wherein, R through R8 are independently sel ected

from hydrodgen, linear, branched, cyclig, bicyclic,
sat ur at €t unsat ur ed ydrocar bt radicals; and
t he nolRe wei ght i @ about about 300

ters fepresedted by the

at om ¢ Rgpss,MfRes; an \ ,
. ﬁl\hﬁsﬁeln RIR ng Rsar e

gener alR§ ogfRilRa R €02

[B] [C] (O]

wherein, R, through Rg are independently selected from hydrogen, linear,
branched, cyclic, bicyclic, saturated and unsaturated hydrocarbyl radicals; and
the molecular weight is from about 100 to about 300 atomic mass units; and

k) esters represented by the general formula R'CO,R?, wherein R and R?are
independently selected from linear and cyclic,
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i ndependently selected fromlinear and cyclic, 47

saturated and unsaturated, al kyl and aryl radicals;

and wherein said esters have a nol ecul ar wei ght of

from about 80 to about 550 atomic mass units. 12. A

nmet hod for using the conposition of claim10, said

met hod conpri si ng: introducing t he conposition into a
appar a: LRt 8oh LACHGITa R o anTRAPa] Sthfirein sad esters have
fluoresz Enteculyewelghttdﬂ ﬁom@bpuwtarabomtﬁﬁp camntlc orsobnitzeat
transfer fluid in the presence of .the solubilizing

agent, and introducing the conbination into said

120npr esA methoddenusinerthe Fempasitionof claignt), saidmiatiged comprising:
inBORRIBLNS cth po(slttbﬁ int& 8 'Epﬂnﬁl‘eggoﬁ' RletRAtof | 'oP Hir @&%ﬂonln@ r};%paratus by

UV f| urorescent e and I ntroducing said conbi

(')| diisglvingsthg @E?‘é\‘f'? oggscefit dye @dh@.r@fnawantgcqpmt@n@é heat transfer

fluidinttiRe PrieBshceoF ﬂie%fu@ﬂl&m@ BgéM raH&QﬁFocﬁ!Elﬁ& %’feeéon'fﬂld'ﬂtlgn m%@’satd
A net hod éor usi ng .t he conposition of claim3$8 10 I n

COMREBTRN e 'B%fﬁt“’fr%rfaﬂﬁcgaﬂla?"f araﬂaraév%ord&ne?mb'a'ﬁg ﬁg!ublhzmg agent

araippafiarbreScers ayeiamnehhmcﬁ@rmrdl manbmrf;t@en@embﬁ or air
ar at us, rovi

It to
oSBT RPRRh o Mg [Ty ShelPreL bApRE: on at a
| eak point or in the VI cinity of said apparatus. 14. A
t hod 3 10
13900 nod CeliPh R 4 o CRERRF Ry B Db B Gpggecion ¢
retsigenatierats argeonditiching apresatts, (saldlm\ethdntconnmsmgtpyowmng said

co G¥ft|5r9to%§|dca%ggl%?1 ?ﬁd %95'?‘1 S%Latﬁ(-? Fnl%gn %or ete mlq gsa?ai q

nposi tion con
comnwtm atiadeak pointlee inthe Nmnttyotﬁald dlwata:o@lsy to be heat ed
and thereafter evaporation said conposition. 15. The
conposition of claiml or 10 further conprising a
14t her nalA raethed pf ysing the ceyrppsitionms kiainy8 athtsaidnaethatheomprising:
conposition of claim15 wherein said therm
stabilizer is nitronethane. 48 17. A nethod of using
t he coffhosi PiogHCIRg refigeration by evanasatingSaid gesmnesition i the vicinity of
method  conhbb@e® Hf Biaing theadreP Eorldehsihg 84i8 thbRBoditbnfor
refrlgfratlon or_ajr conditioning apparatus

ool $T02, @Sl hoat by aphiebpe &g sppgsionn drarseinbst e body
of clai m 17tofesticRitdd i tRergitdrievaiocr@tRnGal dohfpesiabn.
conpressor is a two-stage centrifugal conpressor. 49

15. The composition of claim 1 or 10 further comprising a thermal stabilizer or odor
masking agent.

16. The composition of claim 15 wherein said thermal stabilizer is nitromethane.
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17. A method of using the composition of claim 2 or claim 3, wherein said method
comprises producing heat or refrigeration in a refrigeration or air conditioning apparatus

employing a multi-stage centrifugal compressor.

18. The method of claim 17 wherein said multi-stage centrifugal compressor is a

two-stage centrifugal compressor.
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