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I

I INTRODUCTION

II

I Purpose

The RefrigerantDatabase consolidatesand facilitatesaccessto informationto assistindustryin

I developing equipment using alternative refrigerants. The underlying purpose is to accelerate
phase out of chemical compoundsof environmentalconcern.

I
(_ontents

I The database providesbibliographiccitationsand abstractsfor publicationsthat may be useful
in research and design of air-conditioningand refrigerationequipment. The complete docu-

I ments are not included,though some be added at a later date.
may

i The database identifiessourcesof specific informationon R-32, Ft-123,R-124, R-125, R-134, R-134a, R-141b, R.142b, R-143a, R-152a, R-245ca, R.290 (propane), R-717 (ammonia), ethers,
and others as well as azeotropic and zeotropicblends of these fluids, lt addresses lubricants

I including alkylbenzene, polyalkyleneglycol, ester, and other syntheticsas well as mineral oils.lt also references documents addressingcompatibilityof refrigerantsand lubricantswith met-
als, plastics,elastomers,motor insulation,and othermaterialsused in refrigerantcircuits.

| ..
Incomplete citations or abstracts are provided for some documents. They are included to

i accelerate availabilityof the informationand willbe completed or replaced in future updates.

I Llrn!tations

The RefrigerantDatabase is intended as a means to assistusers inlocating sourcesof informa-

I tion on alternativerefrigerants. But,the database is:

• neithera comprehensivenor authoritativereferencesource,

I • not a substitutefor independentdata collectionby users,

• not a substitutefor examinationof the data, informationon how they were arrivedat,

I assumptions,and caveatsin thecited documents,and
• not an endorsementof suitabilityor accuracyof referenced publications.

!
I
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l
Materials compatibility, properties, safety considerations, and other characteristicsaffecting i
suitabilityor desirabilitymay be influencedby a number of factors. Among them are specific

application conditions, preparation such as drying before use, additives including fillers, impuri- i
ties, catalyticinteractionswith othermaterialsused, and changesin compounding betweenone l

source or batch and another. Similarly,new findings or correctionsmay supersede previously
published data. The database is an aid in locating data that may be pertinent; it is not and i
should not be viewedas the source of data for research,design,analysis,or otherpurposes.

i

I
Man_pl Version

!
A listingof the database contents is provided in this document. Citations are grouped under
the primary or first subject addressed, but are not cross-referencedunder other topics. The IB
computerizedversion,therefore, is bettersuitedto searchfor informationby subject, i

Documents added since the February 1993 release of the database are flagged by a bar inthe i
margin, as shown to the left. Users looking for new references,as well as added or substan- l
tively updated abstracts,willneed to reviewonly thecitationsso indicated.

i

Some superseded and older citationsand abstractshave been removed from thisdocument, i
They remainaccessiblethroughthe computerizedversion,discussedbelow. A periodicreport, m

containingthe removed citationsand abstractsfor the historic documents,may be prepared if i
users indicatea need for it.

!
Comouterizect Version

I
A companion version of this listing, in computerized form, also is available. This version
includesthe same citationsand abstractsas the manualversion;it also includescitationsand II
abstracts for supersededand older documents. The automatedversion includesretrievalsoft- I
ware to help users locate desired subjects. The computerizeddatabase providesa very fast

and user.friendlymeans to p_._rformssearches for informationon specific refrigerants,lubri, i
cants, materials, properties, topics, authors, ,_r publications of interest. Individual words or l

combinationsof words - using Booleanlogicthrough a simplifiedmeans of specification- may i

be used to retrieve desired references. Priorsearches,withina session,may be recalled, nar- i
rowed, broadened, or merged with other searches. The program includesprompts usersfor

i

automatic inclusion of selected synonyms and related terms. The program also provides i
meansto print selected citationsand abstractsand to preparelistsof citationsfor ordering. |

The computerized version also includes searchable tables of summary informationfor 90 refrig- II
erants and refrigerantblends. The data includedesignations,molecularmass, critical proper- m

ties (pressure, temperature, specific volume, and density), flammability, safety classification,

!
I
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i Distribu_ion of the Refrigerant DatabaseI

i computerized manual documents
(diskette) (report) (copies)

i bibliographiccitationsand
detailedabstracts

I • current yes yes a• additionsand changesflagged no yes no
• historicaland superseded yes no a

i I refrigerantsummaries yes no a

I searchand retrievalsoftware yesb no no

i distributedon cost-recoverybasis
• subscription(quarterlyupdates) yes yes no

i • as ordered no yes yesc
a Selected citations,abstracts,and refrigerantsummariesmay be pdntedwiththe

i computerizedversion.b Use of the searchand retrievalsoftwareissubjectto acceptanceof the license
agreementfor it; bothaccompanythecomputerizedversion.

i c Distributionis limitedto documents inthe publicdomain orfor whichauthorizationhasbeen obtained. Othersmay be ordered fromtheirpublishers,whichare identifiedinthe
bibliographiccitations.

!
ozone depletion potential, global warmingpotential,and common uses. Information on addi.

I tional refrigerants will be added in future updates.
8

The prices and ordering instructions for the computerized version of the database are indicated

I on page 7.

R Additions

i Updates are planned for this database, with replacement releases scheduled four times a year.
Please help in making the database more useful, and facilitating use of alternative refrigerants,

i by submitting the following:
• corrections to errors identified in the database,

i • copies of helpful papers - whether your own or written by others - for citation, and
• suggestions for improving the database.

!
I
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I
Authorsor those holding rights to published or unpublishedworks pertinentto the database are
invited- and encouraged - to authorizetheir reproductionand unrestricteddistributionthrough
the database. Product literaturenormally is not included, but studies providingrelevantinfor-
marion, whetheron proprietaryorgeneric substances,willbe considered. I

Please send your inputsto: James M. Calm H
EngineeringConsultant

m

10887Woodleaf Lane ml

Great Falls,VA 22066-3003 USA H

Thank you for your help with and use of the database. Its objective is to accelerate phase out of
chemicalcompounds of environmentalconcernby sharingthe informationneeded to do so. =

I
!
!
!
!
!
!
!
!
!
!
!
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I .Obtainin9 Document_

i With the exception of documents for which availability from an alternativesource is indicated,referencedpublicationsshould be ordered from theorganizationthat publishedthem. Many of
these documents also may be obtained from libraries,includingthe ESL (see below). An effort
will be made to secure permissionfor JMC to distributeadditional documents, to facilitateac-

cess to them, but compliancewithcopyrightprovisionsprecludesdoing so untilappropriatear-

e rangements are made. Reportsfrom nationallaboratoriesand the Gas Research Institutemaybe ordered from the NTIS; most otherpublicationsfrom the U.S. Governmentmay be obtained
from the GPO. Addressesforseveralalternativesourcesfollow:

I PublicationSales call 1-404/636-8400 or fax
ASHRAE

AmericanSociety of Heating, Refrigerating, 1-404/321-5478 to request
and Air-ConditioningEngineers publicationscatalogwhich

i 1791 TullieCircle NE providespricesAtlanta,GA 30329 USA

EPRI EPRIDistributionCenter order catalogMD-7201 or
i _207Coggins Drive rcall1-510L934-4212forPostOffice Box23205 currentpnces

PleasantHill, CA 94523 USA

I ESL DocumentDelivery call 1-212/705-7606 or fax
EngineeringSocietiesLibrary 1-212/486-1086 for current
345 East 47th Street prices
New York, NY 10017 USA

l GPO Superintendentof Documents call 1-202/783-3238 for cur-
U.S. GovernmentPrintingOffice rentprices

i Washington,DC 20402 USA
IlR / IIF InstitutInternationaldu Froid call 33.-1/42.27.32.35 fax

177, BoulevardMalesherbes 33..-1/47.63.17.98 for current

i F-75017 Paris, France pnces
JAR JapaneseAssociationof Refrigeration call 81-3/3359-5231 or fax

NipponReitoKyokai 81-3/3359-5233 forcurrent
I Floor, Building,8 San-el-cho prices

4th San-el
Shinjuku-ku,Tokyo 160 Japan

I JMC JamesM. Calm pricesandaddresson nextEngineeringConsultant page

NTIS NationalTechnicalInformationService call 1-703/487-4780 for cur-

e u.s. Departmentof Commerce rent prices5285 PortRoyal Road
Springfield,VA 22161 USA

i Society Engineers write for currentprices
SAE of Automotive

400 CommonwealthDrive
Warrendale,PA 15096-0001 USA

i
I
I
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I REFRIGERANT DATABASE ORDER FORM (please reproduceas needed)

I United Canada, other costquantity States Mexico foreign (US$)

I REFRIGERANT DATABASEcomputerized version: a,b x $100 $150 $165
circle preferred diskette size: 3W'HD or 5V4"HD

database listing (report) a x $78 $106 $134

DATABASE DOCUMENTS (attach list) c
per document (handling, packing) documents: x $2.00 $2.00 $2.00

! --+ per page (copying, added postage) a,d pages: __ x $0.10 $0.20 $0.30

+ per order (processing, base postage) a 1 x $4.00 $8.00 $8.00

I SALES TAXES subtotal:
(orders for delivery in Virginia only) x 4_,_%:

I OPTIONAL EXPRESS DELIVERY 1 x $20.00 see see
+ $3.0Ofor each 1-60 pages c after reverse reverse
the first 30 for database documents x $3.00 side side

! --
DEPOSIT ACCOUNT (for future orders) . -_ _

pREPAID TOTAL us $
a Price differencesbycountryreflectpostalcostsand preparationof customsform(s).

Subscriptionratesoutsidethe UnitedStatesalso includea $25 licensefee for the retdevalsoftware

I accompanyingthe database.
c Please includedocumentnumbers,whichbeginwithRDB; a documentlistmay be pdntedwiththe

computerizedversionto simplifyordering.

I d Chargesare based onthe page countsindicatedinthe database.
6

(onlyyournameand companyare requiredfor currentdatabase

I MAIL/SHIP TO subscribers unlessthe other information has changed):name
title

I departmentcompany
address

I city,state

postalcode country

I phone fax

i Pleasemall completedform,listfor documentorders,and payment James M.Calm(checks drawn on U.S. banksonly)to: Engineering Consultant
10887 Woodleaf Lane

Ali orders are subject to the terms on the reverse slde. Great Falls, VA 22066.3003 USA

!
I May 1993
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II

M. Calm, Engineering Consultant, hereinafter re- iExplanations ferredto as JMC. JMC is a sole proprietorship;So-
Database Subscriptions: Subscribersto the Re- cial Security Number 043406443 is used for tax
frigerantDatabase will receive an initial releaseand identification purposes. JMC qualifies as a small I
quarterlyupdatesthroughJanuary 1994 -- a total of businessunder federal classifications. JMC does n
four distributionsfor new subscriptionsbeginning not qualify as either a Socially and Economically
priorto 15July 1993. DisadvantagedBusinessEnterpriseor a Women's
Computerized Version: Thecomputerizedversion BusinessEnterprise;JMC is rtotlocated in an Eligi- I
is distributed on diskette, with an accompanying ble LaborSurplusArea. II
Users' Manual, for use on IBM PC-compatiblesys- Compliance with Federal and State Regulations:
tems. Retrieval software is supplied with the Requirementsfor compliance with applicable fed- lib

database and is subject to an accompanying U- eral and state laws as weil as affirmative action, i
cense agreement. The computerized version in. work place, and other programs are governed by []
cludessummariesof identifiers,criticalparameters, the contract betweenJMC andthe Air-Conditiohing
safety classifications, environmental Indices, and and RefrigerationTechnology Institute (ARTI) for []
usesfor approximately100 fluids. Development and Administration of the Refrigerant l
Database Listing: The database also is available in Database (Contract 650-50000), awarded pursuant
a noncomputerized (manual) version, in report to U.S. Department of Energy (DOE) Grantnumber
form; the refrigerant summaries and automated DE-FGO2-91CE23810. The agreement specifically []
searchcapabilityare not included, stipulatescompliance with Executive Order 11246 n
Database Documents: Both versions identify on Equal Employment Opportunity, the Clean Air
sourcesto obtaindocuments cited inthe database Act of 1970,and the Federal WaterPollution Act. lt

than 600 and projected to exceed includes provisions addressing National Security I
-1100currentlYinthem°resubscriptionperiod. Approximately a Information, accounting procedures, intellectual
thirdare distributedthroughthe database and may property,and eligibility. JMC voluntarilycomplies
be orderedat the ratesshownon the reverseside. with the Environmental Protect/on Clause contained

in 41 CFR §1-1.2303.2, Employment of the Handi- i
Shipping: Normal delivery is by firstclassor prior- capped Clause in 41 CFR §60-741, and Equal Op- lm

ity mail in the USA or by air mail outside the USA. portunity Clause in41 CFR _00-1.4.
Most orders are mailed withintwo businessdays;
ali are sent within one week. Express delivery (by Governing Law: Licensesto use the Refrigerant i
UPS Next Day Air, Federal ExpressPriority,or Ex- Databaseand relateddocument purchasesshall be
press Mali depending on the destination) is avail- governedby lawsof the Commonwealthof Virginia.

[]

able eitherfor documentsor the initialversionof the Purpose and Disclaimer: The RefrigerantData-
database. Express orders are shipped on the day base was establishedto facilitate access tn inf3r- B
received if possible. Delivery is before 10:30am on marionto accelerate use of alternativeremgerants, II
the next businessday in most metropolitan loca- to enable phaseout of chemicalsof environmental
tions in the USA; please specify Saturday delivery concern. The informationcontained in the data-

by 12:30 pm) and add $12 if desired. Ex- base is not completeand has not beenverified. Its i(normally
press delivery to othercountriesnormallytakes 1-4 suitability for specific uses has not been estab-
days depending on the destination and time for lished, and no representationis made to support
customs clearance; please inquire for international relianceon it. Usersmust determinethe approprt- HB
express shippingcostsinadvance, atenessand adequacy of thedata. I
Deposit Accounts: Several companies have es- Warranty: No warrantiesof accuracy, comprehen-
tablishedaccounts to facilitateand expedite docu- siveness,merchantability,or fitnessfor any specific
ment ordedng by authorized staff. Accountsmay purpose are implied. No liabilityfor special, tnci- i
be initiated by payment of not less than $200. dental,consequential,indirect, or similardamages; U
Users may then simply fax or mail document re- indemnification; or obligation to defend users
quests to be filled. Each shipmentwill Include an against claims of any kind is assumed by JMC
updated statementof transactionsand the account basedon distributionor use of the database or doc- I
balance. Accountsmay be dosed and the balance uments. The sole warranty offered is for provision lIB

refunded upon request, of database releases and document copies prop-
edy ordered, orrefund of amountspaid therefor. ii
Other Terms and Conditions: No terms and con- i

Terms and Conditions ditions (including but not limited to those address-
[]

ing warranties, indemnification,insurance,inspec-
Prices: The prices shown are valid through July tion, records,confidentiality,or socialor affirmative- []
1993 and includepostage (by air mali with customs action programs) stipulatedin purchase orders for I
form outside the USA). the database, or documents from it, will apply.
Business Identification: The RefrigerantDatabase Subscriber identities and addresses may be dis-
has been developed and is administeredby James closedto ANTI. IN

i

May 1993 i
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I MATERIALS COMPATIBILITY na(TM)N), butadiene styrene (Buna(TM)S, GR-

S), Butyl(Ta) (GR-l), natural rubber, neoprene
GN, polysulfiderubber (Thiokol(R)FA), fluoroe-

I T. Atwood (AIIiedSignalIncorporated),E. M. Clark lastomer(DuPont Viton(R)B), and silicone. Dif-(E. I. DuPont de Nemours and Company), R.C. fusiondata aretabulated for water, R-12, andR-
Downing (Consultant), and M. O. McUnden (Na- 22 throughneoprene,Buna N, syntheticrubber
tional Institute of Standards and Technology, (DuPontHypalon(R)40), Butyl,Viton, polyethy-

I NIST), Refrigerants, ASHRAEHandbook - Funda- lene,and naturaFrubber. Massdensity,specificmentals (published in separate editionswith inch- heat, and viscosityare plotted for water/lithium
pound and SI metric units), Amedcan Society of bromide solutions (for absorption cycles) as
Heating, Refdgerating,and Air-ConditioningEngi- functionsof the mass fraction of lithium bro-

I nears (ASHRAE), Atlanta, GA, 16, mide.
chapter pages

16.1-16.10, 1989(10 pages, RDBO036) R.C. Cavestri !'_tagination Resources, Incorpo-
This chapter summarizes informationon com- rated), Compatibility of Refrigerantl and Lubri-

I mon refrigerants,includingdesignations,physi- cants with Pkn_icl, report DOE/CE/23810-8E,cal and electrical properties, performance, Air-Conditioningand RefdgerationTechnology In-
safetydata, leak detectionmethods,and effects stitute (ARTI), Adington, VA, January 1993 (76
on constructionmaterials. The refrigerantsad- pages with 1 figure and 58 tables, availablefrom

I dressed includeR-lO, R-11, R-12, R-13, R-13B1, JMC as RDB3203; type on A-2 is small and
page

R-14, R-20, R-21, R-22, R-23, R-30, R-31, R-32, may be difflcultto read)
R-40, R-41, R-50, R-11O, R-111, R-112, R-112a,
R-113, R-113a, R-114, R-114a, R-114B2, R-115, This intedmreportsummarizesprogressto pro-

I vide compatibility informationon engineeringR-116, R-120, R-123, R-124, R-124a, R-125, R- plasticswithalternativerefrigerantsand suitable133a, R-134a, R-140a, R-142b, R-143a, R-150a,
R-152a, R-160, R-170, R-218, R-290, R-C316, R- lubricants. A narrative summary outlines the

i C317, R-C,318, R-500, R-501, R-502, R-503, R- work methods used, Includingmodificationsto504, R-505, R-506, R-600, R-6OOa,R-61O, R-611, standard or planned testprocedures,and notes
R-630, R-631, R-702, R-704, R-717, R-718, R- significantfindings. Atable providesthe manu-
720, R-728, R-729, R-732, R-740, R-744,R-744A, facturerspecificationsand actual conditionsfor

I molding23 plasticmaterials. They includeac-
R-764, R-1112a, R-1113, R-1114, R-1120, R-
1130, R-1132a, R-1140, R-1141, R-1150, and R- etal (DuPont Deldn(R) II 11500), acrylonitrile-
1270. Molecular mass, normal (atmospheric) butadiene-styreneterpolymer (ABS, GE Cyco-
boiling point, freezing point, crttlcaiproperties, lac(R)GPM4700), liquid crystal polymer (LCP,

I surface tension, and refractive index are t_lbu- Amoco Xydar(R) MG450), phenolic (Hookerlated for most of these fluids. Dielectriccon- Durez(R) 153), poly(aryletheretherketone)
stants, volume resistivity,velocity of sound, la- (PEEK, ICI Victrex(TM)PEEK 450G), polyamidu
tent heat of vaporization, safety classifications, nyton 6/6 (DuPont Zytel(R) 101), Ix_yamide-

I and explosive limitsare presentedfor the more imide (Amoco Todon(R)4203L and 4301), poly-common fluids. Swell data are tabulated for R- aryletherketone(PAEK, BASFUltrapek(R)),poly-
11, R-12, R-13, R-13B1, R-21, R-22, R-30, R-40, arylsulfone(Amoco Radel(R)A-200), polybuty-
R-113, R-114, R-502, and R-600 for eight elas- lene terephthalate (PBT, GE Valox(R)325PBT),

I tomers. They include nitrile butyl rubber (Bu- polycarbonate(GE Lexan(R)161), polyetherim-

i ! ....pleasesee pages5-8 forordei'inginformation!
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• Iide (GEUltem(R)1000), modified polyethedmide 60 °C (140 °F); and to nitrogen (R-728) at both
(GE Ultem(R) CRS5001), polyethylene tereph- temperatures,as a reference. Tests of dielectric
thalate (PET, DuPont Rynite(R)530, polyimide strength,burnoutresistance,and bond strength
thermoset (DuPont Vespel(R) DF and DF-ISO), have not been completed yet for R-134; future lm
modified polyphenylene oxide (PPE, GE No- tests are planned for R-245ca. Data are pro- II
rye(R)731), polyphenylenesulfide (PPS, GE Su- vided both after500 hourexposuresand after a
pec(TM)G401), polyphthalamide(Amoco Amo. subsequentair bake for 24 hoursat 150 °C (302
del(R)AD-IO00 HS), polypropylene(HlmontPro. °F), to remove absorbed refrigerant. Bond
fax(Ta) 6331 NW), polytetrafluoroethylene strength, burnout resistance, and dielectric II
(PTFE, DuPont Teflon(R)),and polwInylidene strengthare comparedto the unexposedvalues
fluoride (Atochem Kynar(R)720)• Seven tables for three magnet wires, both uncoated and pre- i
summarizethe changes for immersionsin lubd- pared with sixvarnishes. The wire specimens Icants, including mineral oil (BVA R015), alkyl- Included an ester base with amide-imide over-
benzene (Shdeve Zerol(R) 150), polypropylene coat (Phelps Dodge Armored Poly-Them_leze
glycol butyl monoether (ICI Emkarox(R)VG32), 2000), Dacron(R)/glass served wire (Phelps BB
polypropyleneglycol diol (Dow P-425), and a Dodge Armored Poly-Thermaleze Daglass m
modified polygiycol (AIIiedSignal BRL-150), 2000), and ester-imide overcoatedwith amide-
penta erythritol ester mixed acid (ICI imide (PhelpsDodge / SchenectadyChemical).

J Emkarate('ra) RL 22H, formerly RL 244), and The varnishestested Includetwo solventepox- II
penta erythritol ester branched acid (Henkel ies(Stealing(R}U-475 EH and P. D. George923), J
Emery(R) 2927-A)• Seven tables summarize a solvent epoxy phenolic (Steding(R)Y-390 PG),
changes in the plasticsfollowing immersionsin 93% solids epoxy (Sterling(R)ER-610), and
the lubricants,each at 60 and 100 °C (140 and 100% solidsVPI epoxy (Sterling(R)Y-833), and BB
212 °F). Observationsof particulates,cracking, water-borne epoxy (Schenectady Isopoxy(R) II
crazing, softening, and color change are pre- 800). Weight change also is reported for ex-
sented. Quantitativedata are provided for di- posed disksof the sixvarnishes. Weight,tensile
mensional (length, width, and thickness) and strength,elongation,and dielectricstrengthare lm
weight changes. Ten tables summarizecorre- compared to unexposed values for six sheet II
sponding changes followingexposuresto R-22, Insulations (Westinghouse Nomex-Mylar-No.
R-32, R-123, R-124, R-125, R-134, R-134a, R- mex(R),WestinghouseDacron-Mylar-Dacron(R),
142b, R-143a, and R-152a. The refrigerantlm- DuPont Mylar(R) MO, DuPont Nomex(R) 410, n
mersionswere at room temperatureand 60 °C DuPont Nomex(R)Mica 418, and ICI Melinex(R) !1
(140 °F) for 14 days. Three tables summarize 228). Weightchangeis tabulatedfor Insulations
the creep modulus of the plastics at 10-300 Sales Nomex(R),Mylar(R),and Nomex-Mylar(R) i
hours for immersionsin R-22, R-134a, and R- spiral-wrappedsleevingInsulation. Changes in I
152a with branched acid polyol ester. 36 tables ei_)htand dielectricstrengthare presented forsummarize physical changes and tensile-prop- _ Smith and• . Dacron-Mylar-Dacron(R) Da-
erty changesfollowingexposuresto refrigerant- cron-Teflon-Dacron(R) lead wire Insulations• II
lubricant mixtures. Ali of the plastics were af- Weightand breakingload changesare supplied |
fected by the lubricants;mineral oil and alkyl- for woven glass tape (Carolina Narrow), heat
benzene caused the greatest effects. The re- shrinkablebraided polyestertape (Electrolock),
fdgerants generally resulted in softening or glass-acrylictape (Essex Perrnacel P247), and 8
weightchange; hydrofluorocarbons(HFCs) had polyestertiecord (LudlowTextiles). A finaltable II
the least impact. The report documents several comparesgas chromatographicanalysesof the
combinationsthat failed at ambient conditions refrigerantsbefore and after 500 hr exposures.
or arelikely to fail atelevated temperatures. The report condudes that R-123 exhibited J

higher absorptionand extractionthan the other II
R. G. Doerr and S. KuJak (The Trane Company), refrigerantstested. The most severe effect of
Compatibility of Refrigerants end Lubdcants refrigerantson motor materials was caused by
with Motor Material|, report DOE/CE/23810-4B, highabsorptionfollowed by rapid desorptionat
Air-Conditioningand RefrigerationTechnology In- higher temperatures. R-22 caused the most II
stitute (ARTI), Arlington, VA, October 1992 (36 damage in thiscase; based on the excellent re-
pages with 43 tables, available from JMC as RDB- liabilityhistory of this refrigerantwith many of
2B01) the materialstested, compatibilitywiththe other I

refrigerants is highly probable. Final judge- IB
This intedmreport summarizesprogressto pro- ments should be postponed until studies are
vide compatibilityinformationfor motor mated- completed forthe refrigerantJubrGcantmixtures.
als (for hermetic compressors) In refrigerants IB
and refrigerant-lubricantcombinations. Tabular mN
findingsare reported for exposures to R-22, R- H. L Emmons, Lateet Technology for Hermetic
123, R-124, R-134, R-134a, R-142b, and R-152a Motor Insulation Testing - Pert 2, Magnet Wire
at 90 °C (194 °F); to R-32, R-125, and R-143aat n

B

!
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m overload, Insulation, pages 57-81, September 69, and K]ingerC-4401), nitdle.aramid(Specialty
1967 (RDB2510) Paperboard 2099), fluorocarbon (Parker V747-

75), and neoprene (Green Tweed 956). The

m G.R. Hamed and R.H. Selple (Universityof Akron), physical properties of the samples were tabu-Compatibility of Refrigerants and Lubricants lated prior to exposures. 17 figures summarize
with Elastomers, report DOE/CE/23810-SD, Air- the diameter change for exposures in the indi-
Conditioningand RefrigerationTechnologyInstitute vidual refrigerants and lubricants. 95 tables

m (ARTI),Arlington,VA,January1993 (310 pageswith present data on swell after immersionsof 1, 3,32 figures and 100 tables, available from JMC as and 14 days, weight change after 14 days, di-
RDB3202) ameter and weight after removal, and shore

i hardness after 1 day of drying. The test
This interim report summarizesswell measure-
ments for 95 elastomedcgasketand seal mate- methodologyandapparatus alsoare described.
rials in refrigerantsand lubricants. Swell be- R-123 generallyresultedinthe greatestswelling,
haviorwas determined usingweightand in-situ but EPDM/PP/TPE, butyl rubber/PP TPE, and

J diameter measurementsfor the refrigerantsand several vendor-supplied compositions swelleddiameter and thickness measurementsfor the little in this refrigerant. R-134 and R-134a
lubricants. The refrigerants include both hy- caused much less swellingin general, with the
drochlorofluorocarbons(HCFCs R-22, R-123, R- exception of with ttuoroelastomersand fluo.

n 124, and R-142b) and hydrofluorocarbons rosiliconeelastomers. Some vendor composi-(HFCs R-32, R-125, R-134, R-134a, R-143a, and tions are Identifiedthat resisted swellingin ali
R-152a). The lubricants include a mineral oil refrigerants and lubricants tested. The HFCs
(Witco Suniso(R)3GS), alkylbenzene (Shrieve generally gave much less swelling than the

n zerol(R) and three HCFCs, though the ttuoroelastomersand fluo-
150), pdyaik_ene glycols

(PAGs), namely a polypropylene glycol butyl rosiliconesexhibit high swellingin them. Some
monoether (ICI Emkarox(R)),a polypropylene of the industry-supplied samples resisted

swelling in ali refrigerants. Several composi-

n glycol diol (Dow P425), and a modified polygly- tionswere Identifiedthat resistedswellinginthecol (AIIiedSignal BRL-150). Two polyol ester
(POE) lubricants also are included, namely a lubricantsas well. 17 refrigerant-lubricantsys-
penta erythritol ester branched acid (Henkel terns are Identified, and pressure calibration

I Emery(R)2927-A) and a penta erythritol ester curves are provided, for an ongoing secondJ mixed acid (ICI Emkarate('rM)RL 22H, formerly phase of the project. 25 selected elastomers
RL 244). An appendix Identifies the elastomer will be tested in Phase I1. Completion is ex-
formulations, which Include polyisoprene pected in April1993,contingenton the availabii-

I (Natsyn 2200), polychloroprene(Neoprene W), ityof R-32for testing.isobutyl isoprene (Polysar Butyl), bromobutyl
(Polysar X2), chlorobutyl 1068, styrene bu- G.R. Hamed and R.H. Selpie(Universityof Akron),
tadiene rubber (SBR 1502 and Stereon 730A Compatibility of Refrigerants and Lubricants

n and 840A), nitrile (Chemigum N206, N300, with Elastomem, report DOE/CE/23810-3E, Air-N615B, and N917), hydrogenated nitrile Conditioningand RefrigerationTechnology Institute
(Polysar Tomac A3850 and A4555), fluo- (ARTI),Arlington,VA, July 1992 (102 pages with31
roelastomers (DuPont Viton(R) A, B, and GF), figuresand 60 tables, available from JMC as RDB-

I KEL-F3700, epichlorohydrin(HydrinH-65, C-65, 2805)and T-75), silicones(SE-33(VMQ),SE-436U, SE- This intedm report summarizes swell measure-
565U, SE-3808U, and LS-63U), thermoplastics ments for approximately half of the 94 elas-

m (Santoprene 201-87, 201-73, 203-40, and 203- tomers being tested in refrigerantsand iubri-50, Geolast 701-87, 701-80, and 703-40, and cants. Swell behavior was determined using
Hytrel EPDM 4056, 5526, G6356, and 7246), FA weight and In situ diameter measurementsfor

. and ST polysulfide rubber, polyurethanes the refrigerants and diameter and thickness

I (AirthanePET-95A, PET-6OD,Cyanaprene A-8, measurementsfor the lubricants. The refriger-D-55, Millathane76, and E-34), chlorosulfonated ants include both hydrochlorottuorocarbons
polyethylenes(Hypalon20, 40.,and 4085), EPM (HCFCs R-22, R-123, R-124, and R-142b) and
(Vistalon 404 and 707),. ethylene acrylics hydrottuorocarbons(HFCs R-32, R-125, R-134,

I (Vamac G and B-124), chlorinated polyethyl- R-134a, R-143a, R-152a). The lubricantsincludeenes (Dow CM0136 and 421lP), and ethylene an unidentified mineral oil, alkylbenzene, three
propylenediene (EPDM rubbers (Royalene552, polyalkylene glycols (PAGs: a polypropylene
525, and 359). Anotherappendix Identifiesten glycol butyl monoether,a polypropyleneglycol

I gasket materials supplied by ARTI including diol, and a modified polyglycol), and both afilled chloroprene (Precision Rubber 2167), branched acid and a mixed acid pentaerythritol
acrylonitrile (PrecisionRubber 7507), neoprene ester (PE). Appropriatelycured elastomers,en-
(Garlock 2930), non-asbestos (Armstrong N- compassingbothgeneralpurposeand specialty

I 8092, SpecialtyPaperboardNI-2085G, Victopac

, please see pages 5-8 for ordering information
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rubbers, were tested. Gum and black-filled frigeration Material=, paper 1924, Transactions, IB
compounds were tested, as were some ther- AmericanSocietyof Heating, Refrigerating,andAir- II
moplastic elastomer; (TPEs). Compositions Conditioning Engineers (ASHRAE), Atlanta, GA,
containingcarbon black had reduced swelling volume 71, part 1, pages 154-161 and 167-168,

compared to their unfilledcounterparts. Among January 1965 (10 pageswith 29 tables, RDBO013) I
the HCFCs, R-123 generally resulted in the This paper summarizesan investigationintothe
highest swelling, although an EPDM/PP TPE, stabilityof fluorocarbonrefrigerantsaloneand in

butylrubber/PP TPE, and a fiber-filledneoprene the presence of oils, metals, nonmetalliccom. Iwere quite resistantto it. Some compositions ponents of refrigerationsystems, and residual
shrunk, suggesting that the swellant was re- cleaningand degreaslngagents, lt is based on
movinga component, probablyplasticizer,from sealed-tubestabilitytests,performed at elevated

the elastomer. Ali the HFCs resulted in sub- temperatures, for periods as long as three IstantlaUylower swelling than the HCFCs. R- years. Resultsare roported for R-11, R-12, R-
143a, the least acidic of the refrigerantstested, 13B1, R-22, R-113, R,.114,R-115, R-124, R-216,
gave the least swelling overall. A series of fig- R-C318, R-500,and R-502. The Cestingincluded

ures summarize the diameter changes. Swell examinationof decornposittonproducts, speci- Idata also are tabulated, for exposures of 1, 3, flcallyincludingthe fraction convertedinto other
and 14 days;weightchangeistabulatedafter 14 refrigerants. The metals tested Included alu-
days. The elastomers tested Include polyiso-

prene, neoprene, butyt, bromobutyl, SBR/sty- minum, brass, cadmium, copper, iron, lead, I
magnesium,mercury, steel, and zinc. The el-

rene, nitrile, hydrogenate_, nitrile, fluoroelas- facts of selected addffives and irihlbitors, in-
tomer, fluoro/chloroelastomer, epichlorohydrin cluding phenyl alpl_l naphthylamine,molylxle-(homopolymer,ethylene oxide copolymer,and

terpolymers), dimethyl silicone rubber, methyl- alsonUmwerediSulfide'examined.andtdcresylThepaperPh°sphateconcludes(TCP)'thatIphenylvinylsilozane rubber, silicone rubber,
the life of a system should be longer if madefluorosilicone, EPDM/PP/TPE, nitrile/PP/TPR,
chemicallysimpler,becauseevery added mate.

chlorosulfonatedPE, ethylene/propyleneCOl)Oi- rlal providesa possibilityof Increasedchemical BBymer (EPM), ethylene/acrylic elastomer, chlori- reactions.
nated PE, EPDM, butylrubber,chloroprene,and II
ACN compound. [see RDB2806 for supple- K.S. Sanvordenker (Tecumseh Products Com-

mentaldata] pany), Materials Compatibility Concerns for Re- IG. R.Hamed and R. H. Seiple (Universityof Akron), frigerator-Freezem - A Historic Perspective and
a Look to the Future, paper 3.2, Proceedings of

Compatibility of Refrigerants and Lubricants the International Seminar on New Technology of

with Elastomers - Supplement, supplement to Alternative Refrigerants - Lubricants and Materials Ireport DOE/CE/23810-3E, Air-Conditioningand Compatibility (Tokyo, February 1983), Japanese
RefrigerationTechnologyInstitute(ARTI),Arlington, Associationof Refrigeration(JAR), Tokyo, Japan,
VA,July 1992 (144 pages with 135figuresand 2 ta- pages 39-44, February 1993 (8 pageswith2 tables,

bies,availablefromJMC as RDB2806) preprintavailablefromJMC as RDB3116) I
This supplement provides gas chromatograms The paper traces compatibilityconcernsfor re-and results for the refrigerantspecimens, FTIR frigerator-freezers,from histodc use of R-764

data (infrared absorbance) for the refrigerants (sulfur dioxide) and R-40 (methyl chloride) to Iand lubricants,and thermogravimetricanalyses
(TGA) and oscillating disk rheometer (ODR) presentuse of R-12. Sludgedepositionwith oils

led to anoil-free,belt-drivenmodel, usingR-764,plots for the elastomerstested. See RDB2805
as early as 1913. R-764 achieved 90% penetra-

for further information, tion around 1925, but was limitedto open-drive Icompressors. The driving force for hermetic
J. P. Harringtonand R.J. Ward, Polyester Film In= systemswas the problem of leaks, particularly
sulstion for Hermetic Motort, ASHRAE Jouma/, with sulfur dioxide. Identificationof an appro-

AmericanSociety of Heating, Refrigerating,and Air- priate lubricantled to introduction of hermetic IConditioning Engineers (ASHRAE), Atlanta, GA,
volume 1 number 4, pages 75 rf, April 1959 (RDB- compressors. The Initialsolution was a highly' refined mineraloil, referredto as white oil. The
2302) paper reviewsintroductionof R-40 in the 1930s,

in both open and hermetic compressors, IS. Nishizakiand A. Muramoto, Evaluation of Her- reachinga peakof 20% penetration, lt avoided
metic Motor Insulation Systems, ProceedZ,ngs of subatmosphedcoperation, thereby eliminating

the Ninth Electrical Insulation Conference, 6oston, introductionof air and moisture. The required IMA, pages250-253, 1969(RDB2918) compressor displacement was smaller, dis-

H. M. Parmelee (E. I. DuPont de Nemours and charge temperaturesmuch lower, and compati-

Company), Sealed-Tube Stability Testa on Re- I

I
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I with mtner'jI oils higher; but, it was R-12
bility
flammable and toxic. Incompatibilitywith alu-
minum, particularly in dry systems, led to A. Factor and P. M. Miranda (General Electric

I demise of R-40 use. R-12 came in as the suc- Company), An Inveatigatlon of the Mechanism ofcessor fluidin the late 1930s, thoughthe paper the R12-Oil-Steel Reaction, Wear, Elsevier Se-
alsociteseady use of R-21 and R.114. R-12 be- quoia, Lausanne,Switzedand, volume 150, pages
came dominant because of its thermodynamic 41-58, 1991 (18 pageswith 3 figuresand 12 tables,

I properties,positivepressureoperation,full mis- RDB2309)cibilitywith mineral oils, and compatibilitywith
metals and other materials of construction. A study of chemical interactionsbetween R-12,

hydrocarbonlubricatingoils, and steel is sum-
Compatibilityproblems resultedlater,in seeking

I smallercompressorsand associatedincreases marized. WhileR-12 Is quite stablethermally,it
decomposesrapidlywhen heated above 150°C

in discharge temperatures. The paper briefly (300 °C) in the presenceof oilsand metals,suchoutlines the resolution of these problems, lt
then turns to recent environmentalconcerns as iron or aluminum. Sealed-tube tests were

I with chlorofluorocarbonrefrigerants,and intro- performedfor 3 daysat 200 °C (392 °F), using aduction of R-134a. Compatibilityissuesare dis- naphthenicmineraloil 0Nitco Suniso(R)3GS), to
cussed,with emphasison lubricantinteractions, simulate conditions in an operating hermetic
Tables are included to summarizethe effectsof refrigerationcompressor. The mechanism of

I the degradation reactionwas explored by test-temperatureand metals (steel,copper,and alu-
minum)on decompositionfor b_th polyalkylene ing the effect of the presence of various probe
glycol(PAG) and polyol ester (POE_lubricants, and model compounds. The paper reviews

The role of metal passivationis outlined,partic- priOrproach,Studies,andsummarizesPresentsthethesubsequenteXpedmentalanaly-ap"
I uladyfor POEs with steel. Chemical reactivity,

miscibility, solubility, lubrtcity, suitabilitywith ses. lt identifiesthe additives, free radical ini-
motor materials,and contaminantissuesare re- tlators,and inhibitorsused to explore reactions

I viewed. The paper cites considerationof R- and to passivatesteel surfaces. The resultsof152a, particularlyin developing countries,and gas chromatography and GPC analyses are
future refrigerant candidates. Compatibility is tabulated. The results indicatethat except for
indicated as manageable with R-152a, partly formationof some FeCL3 and R-22, free radicalreactionsdo not appear to play a major role.

I basedon experiencewith R-500 of which it is a The preponderanceof the data Indicates thatcomponent; flammability is cited as a concern.
The paper concludes by noting the role of the Friedel-Crafts reactions, especially alkylation,
MaterialsCompatibilityand LubricantResearch play a key role inthe decomposition.

I (MCLR) Program. and H. M. Parmelee, Behavior of
D. E. Kvalnes

H. O. Spauschus(SpauschusAssociates, Incorpo- Freon-12 and Freon-22 in Sealed Tube Tests,
rated), Compatibility Requirements for CFC AI- Refrigerating Engineering, Amedcan Society ofRefrigeratingEngineers (ASRE, now merged into

I the AmericanSociety of Heating, Refrigerating,and
tel'natives, International Joumal of Refrigeration,

Pads, France, volume 13, number 3, March 1990, Atr-ConditioningEngineers,ASHRAE), Atlanta,GA,
pages73-78 (6 pages,RDB1101) volume 65, number 11, pages4 rf,November 1957;

I This paper reviews the materials compatibility republishedas bulletin25, E. I. DuPontde Nemoursand fluid property information required for de- and Company, Incorporated, Wilmington, DE
sign and successful commercialapplication of (RDB2322)
air-conditioning and refdgeration equipment.

I Informationon alternativerefrigerants,Includingthe leading candidates, future prospects, and
long-termpoesibllltles,are summarized. Meth-
ods of predictingcompatibilitybased on struc- R-22

I J.P. Hurtgen, R-22 Blister Testing of Magnet
turalinfomlotionand modelingare proposed.

W. 0. Walker,S. Rosen,and S. L Lew, Stability of Wire, Proceedings of the Tenth Electrical Insu/a-
Mixtures of Refrigersrd= and Refrigerating Oils, tion Conference, Chicago, IL, pages 183-185, 1971

i ASHRAE AmericanSociety of Heating,Re- (RDB2917)
Journal,

fdgeratlng, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, volume 4, number 8, pages59- H.O. Spauschusand G. C. Doderer (GeneralElec-

tric Company), Chemical Reaction= of Refriger-

i 72, August 1961 (RDB2323) ant 22, Transactions, American Society of Heating,Refrigerating, and Air-Conditioning Engineers
(ASHRAE),Atlanta, GA, volume 71, part I, pages

i 162rf, 1965 (RDB2327)

! [ pleasesee pages 5-8for ordering information i -
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ii
R-123 Ry, using R-22, Indicatedthat the disk did not Bl

developleaks. BB

R. G. Doerr (The Trane Company), Abeorption of
HCFC-123 end CFC-ll by Epoxy Motor Varnish, H.B. Ginder,Compatibility Test - O-Rings, Gas- BI
paper 3621 (AnnualMeeting, Baltimore,MD, June ket, Oil Filter, Etc., York InternationalCorporation, II
1992; previously presented at Annual Meeting, In- York, PA, July 1989 (1 page with 1 table, available
dianapotis,IN, June 1991), Transactions, American fromJMC as RDBO009) .

Society of Heating, Refrigerating,and Air-Condi- A table summarizesthe swellingof variousma- I
tioning Engineers (ASHRAE),Atlanta, GA, volume tertalsimmersed in R-123 and R-11. The mate-

I 98, part 2, pages 227-234, 1992 (8 pageswith 9 fig- rials include elastomedc (DuPont Viton(R),

BB

ures, RDB2606) Buna(TM)N, and neoprene) o-rings, a Buna(TM) IB
Thispaper summarizesa studyto determinethe N bushing,and componentsof a Kaydonoil-line Iparameters that influence absorption of R-11 filter (cork and Buna(TM)N gaskets,pleated pa-
and R-123 byvarnishesand the effect of the ab- per,and adhesive). Quantitativeresultsare pre-
sorbed refrigerants on chemical and physical sented aftera two week exposureat room tem- BI
properties. These varnisheshoOdmotor wind- peratureina mixtureof90% refrigerantand 10% II
ings together and act as secondaryelectricalin- naphthenicoil. The R-123test samples swelled
sulation, filling in voids created during the considerably more than the R-11 samples. The
winding process. Interestin the subject stems BunaN bushingswelled 79% in R-123,as com. BI
from observationsthat motor varnishescan ab- pared to 7.1% in R-11. The document con- II
sorb considerable amountsof R-123 with vary- cludes that Buna N formulationsare not too
ing effects. The effectsof cyclic and continuous compatible with R-123, but that Viton and neo-
exposures at high temperature and pressure, prene appear to be acceptable. Compatibility BI
relativerates of absorptionand desorption,ex- concernsalso are cited for the gasketsand ad- II
istence of an equilibriumabsorptionvalue, and hesivein the oilfilter.
effectsof temperatureon the rate of absorption ,,=
and the equilibriumare discussed. The experi- T.P. Gross,Compatibility Test - Green-Colored Imental procedure, based on weightgain during Viton O-Ring, York InternationalCorporation,York,
thermal aging followed by drying, is outlined. PA,July 1989 (1 page, availablefromJMC as RDB-
Four varnisheswere tested; they are identified 0012) BB
as a recently introduced sooventlesstype, a Swelldata are presentedfor green-coloredfluo- I
common soovent-basedtype, a 100% sooids roelastomedc (DuPont Viton(R) o-rings) tm-
type, and a water-borneepoxy. The paper con- mersed in R-123 and R-11 for three week at

cludesthat absorptionisthe samefor cyclicand room temperature. The o-rings showed initial I
continuous exposures, that desorption is ex- linearswellof 19.8% InR-123,which changed to I
tremelyslowto nonexistentat 21 °C (70 °F), and 4.4% after drying overnight. Samples exposed
that full desorptionwould require in excess of to R-11 showedInitiallinear swell of 3.0%. The

1000 hoursat 121 °C (250 oF). lt also notesthat elastomers exhibited no significant loss in I
absorption increasesuntilan equilibriumis es- physicalpropertiesineitherfluid. m
tablished; while the rate differs widely for dif-

ferentvarnishes,the rate is more rapid at higher T.P. Gross,Compatibility Test - Loctite Sealants
temperatures. The equilibriumvalue is lineady (Pipe Sealsnt with Teflon, Grade AV), York Inter- I
dependent on temperature, with greater ab- nationalCorporation,York, PA, July 1989 (1 page,
sorption at lower temperatures,for R-123, but availablefromJMC as RDB0010)
relatively independent of temperature for R-11.
The paper outlines two key im_ications for Two Loctite(R)compounds (pipe sealant with lib
compatibilitytesting: 1) Low temperature and DuPontTeflon(R)and Grade AV)were applied to II
pressure may be a more severeenvironmentfor threaded fittings and tested with liquid R-123.
materialsthan high temperature and pressure, The report indicates that the two compounds
and 2) tests must be continued long enough to tested appear to be compatible with R-123, I
be certain that equilibrium is reached at lower based on a seven-daypedod of exposure and li

curing. The test procedureand curing consid-
temperatures, erationsfor sealantsarediscussed. 'BI

H. B.
Ginder, Compatibility Test - 15# Carbon I

Bursting Disk (2.5"), York InternationalCorpora- Compatibility of Alternative Refrigerants with
tion, York, PA, July 1989 (1 page, available from Elastomers, report NIST-11, E. I. DuPont de Ne-
JMC as RDB0011) mours and Company, Incorporated, Wilmington, IB

DE, undated (3 pages availablefrom JMC as RDB- BA 64 mm (2½") carbon burstingdisk was lm- 0307)
mersed in R-123 at room temperature for 16
days. Subsequent testing for leaks and poros- m

I

!
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I This report summarizesan investigationto de- Chemistry Laboratory, The Trane Company, La
termine the compatibility of two elastomers, Crosse,Wl, 25 August1989 (9 pageswith8 tables,
NeopreneW and Buna(TM)N, with R-123 and R- availablefromJMC as RDBO034)

I 124. Swell data are tabulatedafter Immersions
This report presents measured and observed

for 1 hour and 1, 2, and 3 daysat room temper- findingsfor sealed-tubetestsvarnishesusedas
ature. Qualitativeobservationson discoloration insulationfor motors in hermeticcompressors.

i of the refrigerantalsoare reported. Basedon a Resultsare tabulated before and after thermalcriterion of swell substantiallyexceeding 10%, aging in air, R-11, and R.123 for Sterling(R)364,
both elastomers were deemed Incompatible water-borne epoxy (Schenectady Isopoxy(R)
with R-123 and Buna N was judged incom- 800), Schenectady 8620, Epoxyllte 477, and

i patible with R-124. Theexperimentalprocedure solvent epoxy (P. D. George 923) varnishes.is outlined. The exposureswere made at 121 °C (250 °F) for

Decomposition Rates of R-11 and R-123, Carder 168 hours(1 week). Changes to the pre-expo-

I Corporation, Syracuse, NY, September 1989 (3 sure conditions are reported Immediatelyafter
exposuresand after drying for differentperiods,

pages with 3 figures, availablefrom JMC as RDB- depending on the material. A final table sum-
0019) marizes extraction measurements on the var-

i The fraction of R-123 that decomposes in solu- nishesafter exposures. The preparatorycuring
tion with alkylbenzenelubricantafter 14 days is conditions for the samples also are doc.
plottedas a functionof temperature. Lessthan umented.
1% decompositionwas measuredat 82 and 121

i °C (180 and 250 °F), but this increasedto 6.2% HCFC-123 Compatibility with Teflex NPG V-214at 177 °C (350 °F). Decompositionof R-11 and O-Rlngs Covered with High Density Teflon, re-
R-123 after 4 and 14 days, respectively,at 121 port NIST-11, Chemistry Laboratory, The Trane
°C (250 °F) is compared for mixturesof 5% lubd- Company, La Crosse,Wl, 16 March 1989 (I page,

I cant byweight. One alkytbenzene(Zerol(R)300) availablefrom JMC as RDBO032)and four mineraloils (Mobil DTEHeavy Medium, Resultsof swell testingtetrafluoroethylene(TFE,
Mobil DTE 26, Rando HD-68, and Witco Sun- DuPont Teflon(R)) coated DuPont Viton(R) O-
iso(R)4GS)were tested, rings in R-123 at 100 °C (212 oF)are reported.

I The Teflon(R)coating was permeated, causingEiastomer Immersion Tests for Fluorocarbon- theVitoncore to swell. Testingstoppedafter 72
123, technical report NIST-8, Freon(R)Products hoursdue to o-ringfailure.Laboratory, E. I. DuPont de Nemours and Com-

I pany, Incorporated, Wilmington, DE, undated (5 HCFC-123
Refrigerant Analyses, report NIST-9,pages with 2 tables, availablefrom JMC as RDB-

0304) Chemistry Laboratory, The Trane Company, La
Crosse, Wl, 24 November 1988 (1 page with 1

I Resultsare summarized for immersiontests of table,availablefrom JMC as RDBO030)13 elastomers in R-123 for up to seven days at A table compares the purityof new, used, and
75 and 130 °F (24 and 54 °C). Quantitativere- distilled-usedspecimensof R-123. No change
suits of the linear-swelltests are provided, in- from new R-123 was found by gas chromatog-

I cludingintermediateand final changesin length raphy after use in model CVHE hermeticcen-.qnd weight as well as the fraction of extrac- trifugalchillers. Quantitative resultsare com-
taLOnS.Qualitative changes in appearance and pared for moisture content and high-boiling

appearancePhysicalpropertleSoftheofliquidtheelastomerSaretabulated.andinThethe residue. The high-boiling residues increased
I 6 to 1591 ppm use, but dropped to 1

from in
tested elastomers were two urethane rubbers ppm after redistillatlon. Moisture content de-
(Uniroyal Adlprene(R)C and Adiprene(R)L), a creasedfrom 36 to 21 ppm, but increasedto 31hydrocarbon rubber (DuPont Nordel(R)), a

I fluoroelastomer (DuPont Viton(R)A), a silicone ppmafter redistillation.
rubber (General Electdc SE-361), a nltdle sill- Material Compatibility of Alternative Refriger-
cone rubber (NSR-X5602), a synthetic rubber ants: Usability/Compatibility of R-123 Received

j (DuPont Hypalon(R) 40), natural rubber, poly- from Refrigerant Suppliers, report NIST-2, Chem-sulfide rubber (Thiokol(R)FA), Buna(TM)N, Bu- istry Laboratory, The Trane Company, La Crosse,
na(TM)S, chloroprene (neoprene W), and Bu- Wl, 15 April 1988 (2 pages with 1 table, available
tyl(TM). Of those tested, only Thiokol FA ap- fromJMC as RDBO023)

i pears suitable for use and prolonged contact
with R-123. This report of chemicalanalysesaddressesthe

compatibilityof R-123 samples from AllledSignal
Evaluation of Epoxy Varnish Materials for Alter. and DuPont Chemicalswith red neoprene2337

I native Refrigerant HCFC-123, report NIST-13, elastomermaterial. Test dngswere exposed to

_1 ! please see pages. 5-8 for ordering information I
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R-123 In both vapor and liquid phases for 168 pages with 1 table, available from JMC as RDB- II
hours at 77 93 (170 °F) using Trane Standard 0026) m

Test Method 3.7-04. Control samples were slm- Measurements of weight, volume, density, di-
ilarlyexposed to R-11. Cross-sectionaldiame- mensions, and durometer hardness are re-
ter, volume swell, and dtJrometerhardness are ported for polysulflderubber (Morton Thiokol(R) II
tabulated before and after exposures. Some ST). Data are compared beforeand after expo-
extractionof processingand/or base oils was suresto both the vapor and liquidphasesof R-
observedwith ali three refrigerantsamples. No 123. Agingwas performedin stainlesssteeltest m
precipitation of waxlike materials, cracks, or vesselsfor 3 days (72 hours)at 77 °C (170 °F). m
blisterswere evident in any of the refrigerants. The tabulated data summarize measurements
The increases In diameterand volume and de- for tests in the refrigerantalone and in a 50/50
creasesin durometerhardnesswere lower In R- mixturewith 250 SUS white o11.The tests were n
123 than in R-11. The differencesbetween re- repeated for separatesamplesof R-123 from AI- II
suits fromthe two R-123sampleswere minor. IiedSignaland DuPont Chemicals. Data for ex-

posures to the AIIiedSignal R-123 refrigerant n
Material Compatibility of Alternative Refriger- without lubricantwere lost, due to an exped- Uants: Usability/Compatibility of R-123 Received mental problem,andwere not remeasured. The
from Refrigerant Suppliers, report NIST-3, Chem- document concludes that this rubber formula-

istry Laboratory,The Trane Company, La Crosse, tion would not be acceptable as an elastomer lm
wI, 15 April1988 (4 pages with 2 tables,available for use in a R-123 environment,but it does not U
from JMCas RDBO024) rule out use of other I:)o/ysulflderubbers. The

Swell tests of elastomedc compounds in R.11 test data suggestthat this rubber compound is
and R-123 at 77 °C (170 °F) for 72 hoursare re- affected more severelyby 100% R-123 than by n
ported. The elastomers included yellow nitrile the mixtureof R-123 andlubricant. II
7507, red neoprene2337, and green neoprene
2167. Quantitative data are presentedfor vol- Material Compatibility of Alternative Refrlgersnt
ume swell,cross-sectionaldiameter, and duro- 123: Elastomer Chemistry of and Specifications n
meter hardness. Nitrile swelled400-600% more for Chloroprene, report NIST-8, Chemistry Labo- U
in R-123 than in R-11. The neoprene samples ratory, The Trane Company, La Crosse, Wl, 10
exposed to R-123 exhibitedless or comparable November 1988 (2 pages with 1 table, available
swellingto thoseexposed to R-11. from JMC as RDBO029) I

This document compares the elastomer chem-
m

Material Compatibility of Alternative Refriger- istry of chloroprenerubber for use in R-123.
ants: Uubillty/Compatibtlity of R-123 Received The formulationstested included2337 (red dot), mm
from Refrigerant Suppliers with Elastomer Mate- 2167 (green dot), and 2347 (newcompound) o- Il
rials, report NIST-4, Chemistry Laboratory, The ring: as well as 2167 (green dot) cord ring.
T.ane Company, La Crosse, WI, 10 May 1988 (3 Chemical properties obtained from infrared
pages with 2 tables, availablefrom JMC as RDB-

spectra, volumetric swell, and durometer hard- n0025) ness were compared as received, after heat U
Swell and durometertest data are tabulated for aging in air for 168 hr at 100 °C (212 °F), and
yellow nitrile 7507, red neoprene 2337, and after thermal aging at the same conditions In
green neoprene 2167 test rings exposed to ASTM #3 oil, 250 SUS white oil, and R.123 va- n
50/50 mixturesof R-11 and R-123 with250 SUS por. Testsalsowere performedafter immersion U
white oil. The tests were repeated for separate in R-11 liquid, R-11 vapor, and R-123 liquid for
samplesof R-123 from AIIiedSignaland DuPont neoprene 2347. The resultingdata are tabu- m

Chemicals. Samples were aged in stainless lated. BI
steel test vesselsfor 3 days (72 hours) at 77 °C []
(170 °F). Cross-sectional diameter, volume Material Compatibility of Altemttive Refrigerant
swell,and durorneterhardness were measured 123: Physical Properties of O-Rlngs for Appll- m
both before and after expoaures, for both the cabllity In Alternatlve Refrlgerant 123 and Refrlg- lvapor and llquid phasesof the refrigerants,and orant 1I, report NIST-7, ChemistryLaboratory,The
compared. The hardness measurementswere Trane Company, La Crosse, Wl, 27 October 1988
repeated after 2-3 days of drying to allow off- (2 pages with 2 tables, availablefrom JMC as RDB- n
gasing. 0028) |

Material Compatibility of Altermltive Refriger- The tensilestrength,elongation,and fluidresis-tance of neoprene2347 (size 222) o-ringswere
ants: Compatibility of R-123 Received from Re- tested. Measured values were compared for I
frigerant Suppliers with Proposed Elastomer materialsas received, after heat aging in air for U

Materials, report NIST-5, Chemistry Laboratory, 168 hr at 100 °C (212 °F), and after thermal ag-
TheTraneCompany, La Crosse, WI, 6 June 1988 (2

I

!
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I ing at the same conditions In ASTM #3 oU,250 3.3, Contaminant Control in Refrigerating Sys-
SUS while oH,R-11, and R.123. Heatagingwas terns.
performedand fluid resistancewas measuredin

I accordance with ASTM D573 and D471, re- Motor In|ulatione in R-123 end R-134a, Carrierspecttvely. The tabulated data indicate less Corporation, Syracuse, NY, September 1989 (2
change for R-123than for R-11,and that the de- pageswith 2 figures,availablefrom JMC as RDB-
crease in tensilestrengthand elongationfor R- 0015) ..

I Two charts show the effects of R-123 and R-
123 is similarto that after immersionin ASTM

#3 oil. 134a on cured motor insulations. XV-572, XV-

Material Compatibility of Alternative Refrigerant 587, water-borne epoxy (Schenectady Iso-

I 123: Short Term Suitability of Chloroprene Sheet poxy(R)800), solventepoxy (Sterling(R)U-475),and polyester (Dolphon) varnisheswere tested
Gasket Material, report NIST-6, Chemistry Labo- for weight change, percent extraqtables, and
ratory,The Trane Company, La Crosse,WI, 70c- Shore D hardnessloss. Quantitativedata, after

I tober 1988 (1 page, availablefrom JMC as RDB-0027) aging for ten days at 93 °C (200 °F) for R-123and at 38 =C(100 oF)for R-134a,are given.
Results are qualitatively summadzed for com-
pression and flexibility tests of Reinz chloro- Mutual Solubilities of Water with Fluorocarbons

I prene sheet gasket materialexposed to R-123. and Fluorocarbon-Hydrate Formation, reportThe exposureswerefor 24 hour at 25 °C (77 oF) NIST-12, E. I. DuPontde Nemours and Company,
and at 100 =C (212 oF). Ali samples (hot and Incorporated, Wilmington, DE, undated (16 pages

I cold) failed when folded before reachinga 180° with 4 figuresand 7 tables, available from JMC as
angle. RDB0308)

Test procedures and results are descdbedfor
Metal Corrosion Tests with [HC]FC-123 and Dis- an Investigationof the mutualsolubilityof water

i tilled Water, report NIST-IO, E. I. DuPont de and of solid hydrate formation with R-123, R-Nemoursand Company, Incorporated,Wilmington, 124, and R-125. Measuredand calculated solu-
DE, undated (5 pages with 2 tables, availablefrom bility data are tabulated in the temperature
JMC as RDB0306) rangeof 77-167°C (171-333OF)for R-123 and R-

I Compatibilityresultsof R-123and distiUedwater 124 and 77-138 °C (171-280 °F) for R-125. Re-with cold-rolled steel 1020, stainlesssteel304, gression equations and plots of the data are
nickel, monel, copper, aluminum 2S, zinc, and provided to compare the data to prior mea-
magnesiumalloy FS-1 are reported for dry and surementsfor R-22, R-113, and an unidentified

I wet conditions. Resultsare tabulated at the Iiq- fluid. Solubilitycoefficientsare plotted for theseujd boiling point after exposure for 100 hours fluorocarbonsin water for 0-120 =C (30-250 °F)
and after100 daysat 55 °C (130oF). Decompo- at saturated vapor pressure conditions. The

I sitlonof the R-123, metal corrosion rates, and fraction of fluorocarbonby weight in water arethe appearancesof the liquidand metalare pre- similarlypresent_l and plotted at saturatedva- .
sented. R-123 was judged suitable with ali of por and atmospheric pressures. The results
the metals under dry-test conditions, but suit- coupled withthose of eadler work Indicatethat

I able only with the stainless steel after 100-day R-125, R-134a, R-142b, and R-152a form solidwet exposure. Additionally,only the stainless water hydrates, but that R-123 and R-124 do
steel, nickel, and monel showed no corrosion not. The document discussesimplicationsof
afterthe 100-daywet-exposuretest. the flndlngs on specificationsfor water content

I in the refrigerantsexamined.Moisture Solubility in R-123 end R-134a, re-
search project 602-RP, American Society of Heat- Plastic Immertion Tests In Fluorocarbon-123,
ing, Refrigerating,and AIr-C itioning Engineers report NIST-7, E. I. DuPontde Nemoursand Com-

I (ASHRAE), Atlanta, GA, March 1989 - ongoing pany, Incorporated, Wilmington, DE, undated (5(ASH0602) pages with 2 tables, available from JMC as RDB-

This project wUldeterminethe moisturesolubil- 0303)

I ity of R-123 and R-134a. Measurementswill be Resultsof compatibilitytests are presentedforoF)made inthe rangeof -23 to 66 "(3(-10 to 150 13 plastics, after immersionfor four hoursat 24
for the liquid phase and at a singletemperature °C (75 "F) and after thermal-agingfor 100 hours
in the vapor phase. The data are needed to at 54 "C (130 °F) in R-123. The plasticsIncluded

I determinethe corrosioncharacteristicsof these linear polyethylene (Alathon(R) 7050), poly-refrigerants. The contractor is the Universityof propylene (Alathon(R) 9140), cast methyl-
Alabama, led by J. S. Thrasher;the project is methacrylate resin (Lucite(R)),nylon (DuPont
sponsored by ASHRAE Technical Committee Zytel(R) 101), tetrafluoroethylene(TFE, DuPont

I Teflon(R) type 1), polycarbonate resin (GE

please see pages 5-8 for ordering information I
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Lexan(R)), ABS polymer (Kralastlc(R)), poly- A table summarizesthe decomposition fraction I
styrene (Styron(TM)475), epoxy (G-10-3675), of R.11, R-12, R-123, and R-134a with Witco
ethyl celluiose, acetal resin (DuPont Deldn(R) Suniso(R)3GS and Mobil DTE 26 mineral oils
500X), polwinyl alcohol, and unplasticizedpoly- and with Zeros(R)150 and Zerol 300 allo/Iben- lE
vinyl chloride. Quantitativedata are presented zene lubricants. No decomposition was de- ll
for length change, weight change, and for per- tected for R-134a; some R-12decomposed into
cent extractables. The appearances of the R-22. R-123 decomposed.,lessthan R-11for ali
plasticand liquidR-123 are described. The Iin- four lubricants. BB
ear polyethylene,nylon,epoxy,acetal,and poly- II
vinyl chlorideplasticstested were judged to be Stability of CFC-11 and HCFC-123, report NIST-
compatiblewith R-123. 12, ChemistryLaboratory,The Trane Company, La

Crosse,Wl, 17 April 1989 (3 pages with 1 table, B
Polymer/Elastomer Performance in R-123 and avallablefromJMCas RDBO033) I!
R-134a, Carder Corporation, Syracuse, NY, Sealed-tubetest resultsare compared for'R-11
September 1989 (4 pages with 3 figures,available and R-123 after exposure to 250 SUS white BE
from JMCasRDBO018) mineral oil and metallic catalysts (aluminum, II

Two graphs compare swell for polymers and copper, and steel). Qualitativeand quantitative
elastomersin R-11 and R-123 at room temper- decomposition effects are presented after 168
ature and at 93 °C (200 °F). The mate_ls in- hoursat 100 °C (212 °F), 121 °C (250 oF), and
clude a nitrile copolymer, fluoroelastomer 150 °C (302 oF). The thermal stabilityof R-123 II
(DuPont Viton(R)A), isoprene(neoprene),nylon, and oil was judged to be greater than the ther-
phosphazene(Eypel.F), polytetrafluoroethylene mal stabilityof R-11andoi1.
(PTFE, Gylon), potyolefln (Alcryn), polypropy-
lene, olefinic thermoplastic (Geolast(R)),and Summary of Physical Property, Solubility, and II
polyester thermoplastic (DuPont Hytrel(R)). R- Compatibility Data for [HC]FC-123, reportNIST-9,
123produced muchgreaterswellingthan did R- E.I. DuPont de Nemours and Company, Incor-
11. Quantitative values are given for swell and porated,Wilmington,DE, undated (11 pages with 3 BE
extractables of elastomedc materialsin R-134a figuresand 4 tables, available from JMC as RDB- II
at 93 =C (200 °F) for ten days. These materials 0305)

include Gylon, neoprene,nitdle,nylon 6/6, poly- Liquid density, vapor pressure, viscosity, sur- Ipropylene,and VitonA. face tension,and Kauri-butanolnumberare pro- m
vided for R-123. The solubility of water and

[R-]123 Refrigerant Analyses, report NIST-1, various substances in R-123 also are given.

Chemistry Laboratory, The Trane Company, La Additionally,the report qualitativelysummarizes I
Crosse,WI, 14 March 1988 (1 page with 1 table, compatibilitytests with variousmagnetwirevar- IB
availablefrom JMC as RDBO022) nishes, IncludingAlkanex terephthalatepo!yes-

A table compares the chemicalpurity of R-123 ter, enamel oleoresin, Ensolex acrylic, epoxy,
samples, from AllledSIgnaland DuPont Chemi- Anavar isocyanate-modifledpolyvinyl, Lecton
cals, with distilledR-11. Resultsare tabulated acrylic, Nylclad nylon-coated polwinyl, poly- II
for chloride-ion content, high boiling tem- imide,polyurethane,and Formvarpolwinyl.
perature impurities, neutralizationvalue, mois- m
ture content, and organic puritydetermined by Teflex O-Rings, Size 214, Sealrnore Industrlu, I
gas chromatography. The moisturecontent in report NIST-IO, Chemistry Laboratory,The Trane
the R-123 sampleswas higher than expected, Company, La Crosse, WI, 27 January1989 (1 page
but not judged to be significant, with 1 table, available from JMC as RDBO031) II

A table compares the swell propertiesof Tetlex BE
Refrigerant Breakdown Voltage, BuffaloResearch o-ringsin R-11, R-123, and in 250 SUS white oil
Laboratory, AIIledSignal Incorporated,Buffalo, NY, with each refrigerantIn a 50% refrigerantmix-
1 May 1990 (1 page wtth 1 table, available from BEture. Quantitativeresultsare presentedafter a
JMC as RDB0512) 70-hourexposure at 77 "(3 (170 °F). The R-123 II

Reffigerantbreakdownvoltages,as determined samplesexhibited a volume change three-times
by ASTM D-2477-84, are tabulated for R-11, R- higher than those of the R.11 samples. How- n
12, R-22, R-123, and R-134aat 21 °C (70 oF)and ever, the o-ring density changes were compa- I93 =C(200 °F). rable for the R-11and R-123refdgerantJubdcant

mixtures.

Se__-_.._-TubeStability Test Results: Alternative
Refrigerants, Carder Corporation, Syracuse, NY, Viton O-Ring and Cord Ring Swell Data In Both II
September 1989 (1 page with 1 table, available R-11 and HCFC-123, report NIST-14, Chemistry
from JMC as RDBO020) Laboratory,TheTrane Company,La Crosse,Wl, 13

|
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I September 1989 (1 page with 1 table, available R-134a
from JMC as RDBO035)

i Comparisons are presented for Immersion of D.J. Bateman (DuPont Chemicals), Currant De.fluoroelastomer (DuPont Viton(R)) o-rings and valopmant Status of HFC-134a for Automotive
cord rings in R-11 and R-123. Data are tabu- Air Conditioning, paper 900213 (SAEInternational
lated for 70-hourexposuresat 77 °C (170 °F). Congressand Exposition,Detroit,MI, 26 February-

I The volume change of the Viton materialsin R- 2 March 1990), Society of Automotive Engineers123was found to be approximatelythree times (SAE), Warrendale, PA, February 1990 (15 pages
thatfor R-11. with6 figuresand 11tables,RDB2201)

I UL 984 Tests with R-123 and Oils, CarrierCorpo- A.P. Cohen, S. R. Dunne, and J. J. Seman, Des-ration, Syracuse, NY (1 page with 1 table, available iccant= for Drying R.134a in Refrigeration Sys-
from JMC as RDBO016) tams, UOP Researchand Molecular Sieve Tech-

nology, Tarrytown,NY, April1988 (16 I_ageswith 8

I A table summarizesmodified UL 984 tests of figures and 4 tables, available from JMC as RDB-motor materialsaged at 82 °C (180 °F) for 60 0003)
days. Control resultsare compared to those
after separate e;<posuresto R-11 and R-123 This document summarizestests of the effec-

I mixed with5% Mobil DTE 26 mineraloil, Zerol(R) tiveness,compatibility,and physicalstrengthof150alkylbenzeneoil, and Rando HD-68. Insula- three UnionCarbide Molecular Sievesfor useas
tion failures (1 ma current leakage to ground desiccants for R-134a. The molecular sieves
after 1 minute at 1.5 kV) and breakdownvolt- tested were 4A-XH-5 and 4A-XH-6, both com-

I ages are reported. Resultsare summarizedfor mercial products, as well as XH-7, a develop-polyester-imide magnet wire, Dacron-Valox(R) mental item; ali three were tested as 8x12 mesh
lead wire, DuPont Teflon(R) wire sleeving, beads. These desiccantswere exposed to R-
DuPont Mylar(R)end cap, Mylar-Dacron(R)ther- 134a and a poiyalkyleneglycol lubricant (Union

I mosleeve, Mylar(R) and Melinex(R)slot liners, Carbide UCON LB-525) at 82 °C (180 °F) andand Mylar and Melinex phase separators, then tested for fluoridecontent,water capacity,
Breakdownvoltages of 2.7-17.0 kV, but no cur- crush strength, and attrition. Plots of fluoride
rent leakage failures,are indicated, uptake and water-retention capacity, as func-

I tionsof equivalentexposure time, are providedalong with plots of water capacity, crush
strength, and attrition versus fluoride content.
Isothermswere generated for the three desic-

I R-124 cants in R-134a. The document recommendsagainstuse of 4A-XH-5, currentlyused for R-12
P. R. Reed (DuPont Chemicals) and H.O. drying,with R-134a. lt suggeststhat the choice
Spauschus (SpauschusAssociates,Incorporated), between the remaining types be based on the

I HCFC-124 Applications and Properties: Com- cost versus required performance,
especially

parisons with CFC-114, presentationcharts pre- with respectto their relativestrengthcharacter-
pared by SpauschusAssociates, Incorporated, for istics. Significantbuild-up of fluoride was de-

l E.I. DuPont de Nemoursand Company, Incorpo- tected on the 4A-XH-5 molecularsieve,due to
rated, Wilmington, DE, undated (22 pages with 9 chemical reaction between R-134a and the
figures and 1 table, available from JMC as RDB- desiccant. Further information on a long-term
1206) test of a 4A.XH-6 sample addressedis provided

I The stability, miscibility,and lubdcity of R-124 indocument RDB0309.are compared to those of R-114. Qualitative
data are presented for sealed-tube tests with S. Corr, P. D. Guy, R. D. Gregson,N. M. Sammes,
metals (copper and steel)and unspecified300 G. Tompsett (ICI Chemicals and Polymers, Lim-

I SUS mineraloils (parafflnicand naphthenic)and ited), and T. W. Dekleva (ICI Americas, Incorpo-with an alkylbenzene lubricant after 14 days at rated), Materials Compatibility and System Sta-
175 °C (350 °F). The effects of high moisture bility Studies with R-134a end Alternative Lubri-
content and of lubricant additives on refrigerant cants, seminarpresentationat theASHRAEAnnual

I stabilityalso arediscussad. Alkylbenzenelubrt- Meeting, (St. Louis, MO), ICI Amedcas Incorpo-cants were judged to be the most suitable for rated, New Castle, DE, USA, 12 June 1990 (30
usewith R-124. pages with23 charts,RDB2523)

I P.D. Guy, G. Tompsett (ICI Chemicalsand Poly-mers, Umited), and T. W. Dekleva (ICI Americas,
Incorporated), Competibilitles of Nonmetallic

i Materlela with R-134a end AlternativeLubricants
in RefrigerationSystems, paperAN-92-5-4 (Winter

-III ! .pleasesee .pages5-8 for ordering information !
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Meeting, Anaheim, CA, January 1992), Transac- withR-12 andR-134a, with mineraloiland penta i
tions, Amedcan Society of Heating, Refdgerating, erythritolester respectively,for a flooded evapo- ii

and Air-ConditioningEngineers(ASHRAE),Atlanta, rator. Test resultsare tabulated for a retrofit
GA, volume 98, part 1, gages 804-816, 1992 (13 from R-500 to R-134a, showing a 10% loss in li
pageswith 17tables, RDB2104) capacity and 2% Increase inefficiency. Conver- |

This paper reviews the compatibility of non- sion requirementsare outlined from R-12 to R-
metallic materials with R-134a and associated 134a. A finaltable comparespoot boilingfor R-

12 with mineral oil, R-134a with ester, and the li
lubricants,based on sealed-tubetestsas well as latter pair with 5% residualmineral oil. The pa- llanalytical investigationsof compressorlifetests
and field evaluations. The test and analytical per concludesthat R-134a with ester lubricants
methods used alsoare reviewed. The matedals offers similar or improved compatibility and

include ethylene propylene dimer better oil returnand heat transfer. The efficiency Iaddressed
monomer (EPDM) rubber, fluorinated polymer, Is nearlythe same for R-12, R-134a, and R-500. lib

Conversions of R-500 machines can achieve
natural rubber, nitrtlerubber, nylon, and poly- 90% of original capacity without hardware
ethyleneterephthalate (PET). Data on weight, li
volume,tensile-strength,and elongationchange changes. Retrofit of R-12 chiller._ requires
as well as on hardness are compared to those changingthe gear set and Impeller, but results

l
for R-12 with naphthenicmineral oil. The paper in comparableefficiency.
notes that while an enormous amount of infor- Bl
mation has been developed by industry for J.G. Johnson, R-134a, R-123, and Mineral 011 IiCompatibility with Steel, Aluminum, and Cop-
compatibilityof alternative refrigerantswith as- per, SnyderGeneralCorporation, Staunton,VA, 4
sociated lubricantsand materials, mostof it has September1990 (4 pageswith 1 figure and 1 table,not been published.

ml
availablefromJMC as RDB0902) li

J. G. Johnson and T. E. Watson (SnyderGeneral The chemical and thermalstabilityof R-123 and
Corporation),Refrigerant 134a Compatibility with R-134a with Witco Sunlso(R)4GS mineral oil in
Centrifugal Chillers, gaper 5.1, Proceedings of the presence of ferrous and nonferrousmetals Bl
the International Seminar on New Technology of werecompared to that of R-12and R-500 under II
Altemative Refrigerants - Lubricants and Materials the same conditions. Stabilitywas gauged us-
Compatibility (Tokyo, February 1983), Japanese ing sealed-tubetestsfor 14 days at 175 °C (350
Associationof Refrigeration(JAR), Tokyo, Japan, °F); test results are compared by gas I
pages 83-88, February1983 (6 pages with4 figures chromatography, to identify decomposition II
and 6 tables,preprintavailablefrom JMC as RDB- products, und by visual analysis. The metals
3117) used for the tests were Sandvik valve steel, Bi

This paper reviews requirementsfor use of R- OFHC copper wire, and aluminum 85 bearing Imaterial. R-134awas foundto be superiorto R-
134a in chillers with centrifugal compressors. 12 and R-500 in stabilityand reactivity,but lm-
The paper compares the thermodynamic
propertiesof R-134ato those of R.12 and R-500. mediatedecompositionwas evidentfor R-123. li
Data are tabulated to substantiate 4% lower E.D. Lawler,HFC-134i lind Mlnersl 011Matedals II
mass flow, but higher isentropic lift re- Compatibility with Hermetic Motor Insulation
quirements. Heat transfer characteristicsalso

are compared, notingan overallImprovementof System for McQuiy PEH048/050 Centrifugal I12% in condensersfor R-134a over R-12 and 2- Water Chillers, SnyderGeneralCorporation,Staun-
10% in evaporators. A ptot compares the film ton, VA, 29 August 1990 (2 pages with 4 tables,
coefficientsfor pool boilingfor a rangeof typical availablefromJMC as RDB0901) ml=
heat fluxes. Sc_dlngopportunitiesthrough di- The compatibilityof R-134a and mineral oils li
menslonalanalysis,to attaina range of capaci- (both naphthenicand paraffinic)with the her- B

ties and accommodatedifferentrefrigerants,are metic motor insulationmaterials used in cen-
illustrated.Tabulardata compareefficiencywith trifugal water chillersare examined. Baseline Bl
R-134a or R-500 to that with R-12. The paper testswere run with R-12 and naphthenicoil for I
then reviewsmaterialscompatibilityIssues,with comparison purposes. Resultsare presented
attention to elastomers, plastics, metals, and for varnish bonding for amide-imide-polyester
motor materials. A plot compares swelSfor film and dielectric retentionof copper magnet j
three nitrileswith R-134a, polyol ester mixed wirewith and withoutvamishtreatment. Results I
acid, polyol ester branched acid, and naph- also are summarizedfor retention of ttexibility
thenic mineral oils. Stability data based on for DuPont Mylar(R), DuPont Nomex(R), and
sealed-tubetests, are compared for R-12, R-22, Dacron(R)-Mylar(R)-Dacron(R)sheet Insulation, J
R-123, R-134a, and R-500 and associatedlubd- as well as for dlelectdc retentionof flexible her- B
cants. The paper addresses lubricantsolubility, metic lead wire. The materials were generally
miscibility,and lubdcity. A plot showsoil return unaffected. One exceptionwas a weakeningof

!
!
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I epoxy varnish in the presence of R-134a and Purdue University,West Lafayette,IN), International
naphthenicoil (reduced 13.5% compared to the Instituteof Refrigeration,Pads, France, pages397-
mixture of R-12 and naphthenic oil). Rexibtlity 400, July 1988; republishedin International Journal

I of film Insulation was adequately maintained of Refrigeration, Pads,France, volume 13, numberand retaineddielectricwas acceptable. 11,November1988, pages 389-392 (4 pages, RDB-
1102)

i E.D. Lawler,Compatibility of Varioul Elastomers This paper discussescompressorand refrlgera-in Refrigerant HFC-134a with Several Lubricants, tion system requirementsand informationgaps
SnyderGeneralCorporation, Staunton, VA, 5 Sep- for R-134aapplications, lt summarizesthe rea-
tember 1990 (3 pages with 3 tables, availablefrom
JMC as RDB0903) sons R-134a is viewed as a leading candidate

I for replacement of R-12. The paper reviewsResultsof materials compatibility testingof o- some of the basic propertiesof R-134a, includ-
ringswith R-134a and naphthenicmineraloil, al- ing stability, system chemistry, s_ubiUty, and
kytbenzene,and polyalkyleneglycol (PAG) Iu- lubrictty. Additionalinformationthat is system-

I bricants are presented. The elastomersevalu- specificwill need to be developedfor each ma-ated were nitdle HSN, nitrile ASM 3215, and jor application:automotive, home appliance, or
neopreneASM 3209. Thermal agingtests were centrifugalchillers.
conducted separatelyfor the refrigerantand lu-

I bdcants and for refrigerant-lubricantmixtures. R.H.P. Thomas and H. T. Pham (AilledSignalIn-Changes are noted for hardness, tensile corporated), Evaluation of Environmentally Ac-
strength,elongation,and volume. The property ceptable Refrigerant.Lubricant Mixtures for Re-

I changes experienced by the elastomerswere frigeration and Air Conditioning, paper 891967
no greaterthan, and generally less than, those (PassengerCar Meeting, Dearborn, MI), Society of
experiencedwhen aged in the presence of el- AutomotiveEngineers,Warrendale,PA,September
ther R-12 or R-22. Nttrlle,however,appears to 1989 (9 pageswith 6 tables and 5 figuresas RDB-

i shrink slightly when soaked in alkylbenzene. 0503)The neoprene swelled slightlywhen subjected Laboratorydata on the compatibilityof R-134a
individually to either R-134a or the PAG, and with lubricantsand the compatibility of the re-
there wasan unacceptableamountof shrinkage fdgerant-lubdcantmixtureswith elastomersand

i when aged in a mixtureof R-134aand 5% PAG. other materials are reviewed. Miscibilityof R-134a in three polyglycols,a dihydroxyand two
K. S. Sanvordenker (Tecumseh Products Com- butyl-cappedmonhydroxy potyalkyleneglycols
pany), Materlala Compatibility of R-134a In Re- (PAGs),and solubilityfor R-134awith the firstof

I frigerant Systeml, Transactions, volume 95, part these are discussed. Stability, dry and with2; republished in ASHRAE Special Publication, moisture present, also is addressed by com-
CFCs: Time of Transition, American Society of paringcopper platingat 149 "C (300 OF)for the
Heating, Refrigerating,and Air-ConditioningEngi- systems with R-134a and PAGs tO R-12 with

I nears (ASHRAE),Atlanta,GA, pages 211-216, Jan- mineral oil. Tests of fluoride-ionproduction in .uary 1989 (6 pages with 5 figuresand 1 table, 20 sealed-tubetests, to determinethe effectsof air
page preprintavailablefrom JMC as RDBO001) and water, are presented. Hose permeability

i Miscibility and pressure-temperaturesolubility with the refrigerant alone and with the refriger-diagrams are presented for R-134a with poly- ant-lubricant mixtures, lubdcity test using pin
glycol (butyl monoether, polyoxyethyiene-pro- and v-block (Falex machine) tests, and swell
pylene, and polyoxypropylene glycol) and tests with elastomers are described. The elas-

I polyol ester (dibasic acid ester and neopentyt tomers tested include three nitriles, epichloro-ester) lubricants. The effectsof R-134aon two hydrtn,two neoprenes,a chlorosulfonatedpoly-
magnet-wire Insulations (polyester-imide and ethylene, and a chlorinatedpolyethylene. The
polyesterenamelovercoatedwith amide..imide), basic finding is that the combinationof R-134a

I two unidentified anaerobic adhesives, three and PAGsisworkable.elastomedc o-dngs (chloroprene, ethylene
propylene rubber, and nitrile), and a type 4A S.G. Sundaresanand W. R.Finkenstadt(Copetand
molecular-sieve desiccant are addressed. Corporation), Polyalkylene Glycol lhd Polyol

I Compressor and refrigerator-freezertests with Ester Lubricant Candidates for Use with HFC-R-134aand selected lubricantsare described. 134a In Refrigeration Compressors, paperAN-92-
5-3 (Winter Meeting,Anaheim, CA, January 1992),

H. O. Spauschus(SpauschusAssociates,Incorpo- Transactions, American Society of Heating, Refrig-

I rated), HFC-134a as a Substitute Refrigerant for erating,and Air-ConditioningEngineers(ASHRAE),CFC-12, Status of CFCs - Refrigeration Systems Atlanta, GA, volume 98, part 1, pages 796-803,
and Refrigerant Properties (proceedings of the

i meetingsof UR CommissionsBl, B2, El, and E2,

! I please see pages 5-8 for ordering information I
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1992 (8 pages with 4 figures and 6 tables, RDB- compared to those of PET in R-12 with mineral
2103) oil. The study confirmed eadler findingsthat

PET films must be dded, to less than 0.1%
This paper addressespolyalkyleneglycol(PAG) moisturecontentby weight, to minimizeembrit- Jand ester lubricants for use with R-134a in
refrigerationcompressors,with emphasison Iu. tlement by moisture. Residualwater in the PET,

U
bricityand materialscompatibility.The PAGsin- even after drying, may exceed ten times thatcontributed by the lubdcant and has a gweater
clude diots (having two free hydroxylgroups), mB
monoethers (one hydroxyl group), and end- effect. The extent of embrittlement increaseswith the number of free hydroxyl groups in II
capped PAGs (no free hydroxylgroups). The PAGs,and neitherthe monol nordiol wasfound
esters include dibasic (DBE), penta erythritol to be acceptable. The end-capped PAG and
(PE), trimethylolpropane(TMP), and neopentyl n
glycol (NPG). Propertiesof 17 PAGand 22 es- ester lubricants showed no adverse reactionwith dried PETfilm. U
ter candidates are presented along with misci-
bility profilesfor five of them. Sealed-tubetest
results are tabulated for four lubricants with S.G. Sundaresanand W. R. Finkenstadt,Evalua- BI
metals (aluminum,stainlesssteel, and copper), tion of Polyalkylene Glycol Candidates with IIHFC.134a in Refrigeration Com_ressors, pre-
magnet wire enamel, epoxy, PET filmand fiber,
polyamide (nylon 6/6) polyimide, polyetherke- sentatlon charts (ASHRAE Annual Meeting, Van-' couver, BC, Canada,June 1989), CopelandCorpo-
tone (PEK), chloroprene o-ring, and nonas- n
bestos(nitrtlebinder with clay silicatefiller)gas- ration,Sidney, OH, June 1989 (25 pages with 2 fig-
ket material. Hygroscopicityand wear from life uresand 7 tables, availablefromJMC as RDB0529)

u

testing, in semihermetic reciprocating-piston Miscibility is shown for 55-100% R-134a with .,
compressors,are summarized. Whilethe exact four unidentified polyalkyleneglycol (PAG) lu- Icause-and-effect mechanisms leadingto failure bricants(150-180 SUS). Compatibilityof the re-
of a connecting rod in one test and wrist pin fdgerant-polyglycolmixtureswith metals, motor
distress in others have not been established, materials,and structuralpolymers are qualita- BB
noticeabledifferencesare reported for the sev- ttvetypresented. The metals Include copper, Ieral lubricants. The results Indicate that end- aluminum,and stainlesssteel. The motor mate-
capped PAGs and PEs are viable candidates, rialsincludetwo magnet-wireinsulations(epoxy
Esters are preferred over PAGs for retrofitdue cos:sd and polyester enamel overcoated with mB
to their miscibilit_/with hydrocarbon lubdcants polyamide-imide), a polyethyleneterephthalate i
and compatibilitywith residualchlorine. (PET) slot liner,and an unspecifiedleadwire in-

sulation. The structural polymers include a
S. G. Sundaresanand W. R. Finkenstadt(Copeland chloroprene seal, nonasbestos gasket (nitdle n
Corporation), Degradation of Polyethylene Tsr- binder and clay silicates as filler), nylon 6/6, B
ephthalste Films in the Presence of Lubricants polyetherketone(PEK), and polyimide. Effects
for HFC-134a: A Critical Issue for Hermetic Mo- of the refrigerant-lubricantmixtures on com-
tor Insulation Systems, International Journal of pressordurability were quantitatively reported n
Refrigeration, Paris,France,volume 14, number11, for test conditions of break.in, normal load, II
November 1991, pages 317-320 (4 pages with 3 start/stop, high load, high compression ratio,
figuresand 2 tables, RDB2202) and flooded start. n

An investigationof polyethyleneterephthalate U
(PET)embrittlementmechanismswithlubricantsPolyglycolSealed-TubeTests,CarderCorpora-
issummarized.PET iswidelyusedas an insu- tlon,Syracuse,NY,September1989(IpagewithI
lating material in motors for hermetic com- table, available fromJMC as RDBO021) n
pressors. The paper revtewsrelatedstudiesand A table compares tests of R-12 and R-134awith m
summarizes both the expedmental approach two polyalkylene glycol (PAG)lubricants (Nip-
and findings. Degradationwas measuredafter pon RS680 and Glygoyle 11). No decomposi-
thermal-aging In sealed tubes at 130, 150, and tion was detected for R-134awith either oil. R- IB
175 °C (168, 302, and 347 °F) for 7, 14, and 28 12 decomposition was reported at 75-90% with m
days. The effectsof dryingthe PET film and Iu- the two lubricants.
bricants were evaluated. Three polyalkylene
glycols (PAGs) were studied Including monol, Elastomer Compatibility with HFC-134a: Ex-
diol, and end-capped (modified) polypropylene perimental Details, report NIST-1, Freon(R)Prod- U
glycols. A penta erythritol (PE) ester and a ucts Laboratory, E. I. DuPont de Nemours and
b/end of PAG-monoland PE-esteralso were in- Company, Incorporated, Wilmington,DE, u_dated
vestigated. Ali five lubricantswere ISO 32 (150 circa 1989 (2 pages with 2 tab/es, available from !
SUS) viscosity for use with R-134a. The effects JMC as RDB0531) U

of moisture content, temperature,and lubricant Compatibilitytests of elastomers with R-134a
structure were examined. The results were and a naphthenicmineral oil ONitco Suniso(R) ii

U

I
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I 5GS) are summarized. Duplicate samples c:_ The Compatibility of Polym_ric / Elastomeric
two neopreneW samples, National O-Ring and Materials with 'Klea'(TM) 134a end Polyalkylene
Parker,were exposedfor 18days. Lengthsand Glycol (PAG) Based Lubricants, technicalnote 1,

I weights were measured before exposure, lm. ICI Amedcas Incorporated, New Castle, DE, USA,mediately after removal, and after storage in August1990(8 pageswith5 tables,RDB2515)
ambientair for an additional15 days. No color Test results are tabulated to summarize

I change or particulate residue were noted, changes in weight, volume, length, thickness,Temporary and final linear swelling by 4.43- strength,elongationto break, and hardnessfor
5.76% and 3.07-4.37% was measured. Weight polymericand _lastomertcmaterialsexposedto
cringes of -0.77 to +1.86% were noted upon refrigerantsand lubricantsfor 14 days. Theseremoval,but they change(;to -3.71% to -1.01%

I afterdrying. _ts are based on immersionsat 130 _C (266with 50 ppm water for R-12 and mineral oil-I

and at 85 °C (185 °F) with200 ppmwater for R-
Compatibility of Elastomers with HFC-134a at 134awith Emkarox(R)RL68PAG. Thematerials

I About 25 °C, report NIST-2, Freon(R) Products tested include chloroprene (chlorinated iso-Laboratory, E. I. DuPont de Nemours and Com- prene, neoprene W), chlorinated rubber
Incorporated,with Wilmington DE, 17 July 1989 (neoprene),ethylene propylenediene monomer

(lPa:Yl_ages 13 _bles, avail_.blefrom JMC as (EPDM), fluorinated propylene monomer (FPM)

I terpolymer, hydrogenated ni-
RDBG532)

copolymer, FPM
A broad range of elastomers were tested to trile (HN)rubber N grade, HN rubber E grade,
compare compatibilitywith R-134a to that with HN butyl rubber, HN green rubber, naturalrub-

I R-12. The tests were performed at approxi- ber, nitrilebutylrubber (Buna(TM)N), butadiene-mately 25 °C (77 °F), for consistencywith his- acrylonitrilecopolymer(Buna(TM)N), nylon6/6,
to,dcdata. The influencesofthe refrigerantwere poly butyiene terephthalate (PBT), PBT with
niea_uredafter immersionfor27 daysand again 10% glass, polyetherether ketone (PEEK),poly

I after 1,4days of dryin._]in air. Length,weight, ether suffone(PES 75), polyethyleneterephtha-Shore A hardness, appearance and physical late (PET), polylmide 75 (ICl Upilex(R)R), poly-
propertiesare tabulated,the last basedon qual- imide 50 (ICI Upilex(R)S), polyimide (DuPont
itative observations for stretching, bend,ing, Kapton(R)),poly phenyl sulfone(PPS), and fluo-

squeezing, and flexing. The elastomerstested rinated copolymer of vinylidene fluoride andwere UniroyalAdiprene(R)L, Buna N, Buna S, hexafluoropropylene(DuPont Viton(R)). Addi-
Butyl('rM)rubber. DuPont Hypalon(R)48, natural tional data are provided for R-134a and four
rubber, neoprene W, h_drocarbon rubber PAGs (Emkaro;!p_RL) for EPDM, natural, and

I (DuPont Nordel(R)),silicone,polysulfide rubber nitrilerubbers a,,, _vellas for nylon, and Viton._hiok,._(R)FA), and fluoroelastomer(DuPontVi- These lubdcants include a monol PAG ISO 22
tOrt(R!A). For R.134a, Adiprene L Buna N, with 65 ppm water, modified PAG ISO 22 with
Butyl(TM)rubber, DuPont Hypaion(R)48, natural 165 ppm water, modified PAG ISO 32 with 190

I rubber, neopreneW, and Nordel(R)were judged ppm water, and modified PAG ISO 70 with 85to be preferrgd and Thiokol(R) FA rec- ppm water. The second set of tests were for :
ommended, but not preferred. For R-12, thermal aging at 130 °C (266 °F) for 14 days.

i AdipreneL, Buna N, and DuPont Hypalon(R)48 The experimentalapproachisbrieflyoutlined.
were preferred, and neoprene W, Nordel(R),
Thiokol(R) FA recommended, but not at the The Compatibility of Polymerfc / Elastomeric
preferred level. Buna S, silicone,and Viton A Materlale with "Klu'(TM) 134a and Ester Based

were not recommended for either R-12 or R- Lubricantl, technicalnote2, ICIAmedcasIncorpo-134a. rated, New Caslle, DE, USA,August 1990 (6 pages
with 4 tables,RDB2516)

Comi_tlblllty of Elastomers with HFC-134a, Test results are tabulated to summarize

I document ARTD.5, E. I. DuPont de Nemours and changes in weight, volume, length, thickness,Company, Incorporated, Wilmington, DE, 7 No- strength,elongationto break, and hardness for
vembcr 1989 (16 pages, available from JMC as polymericand elastomedcmaterialsexposedto
RDB0538) refrigerantsand lubricantsfor 14 days. These

I tests are based Immersionsat 130 °C
on (266

Compatibility of [H]FC-134a with Refrigeration °F) with 50 ppm water for R-12 and mineraloil
System Materials, report NI_T-4, Freon(R)Pr(_3- and with 180 ppm water for R-134a with
ucts Laboratory, E. I. DuPont de Nemours and I Emkarate(TM)RL 32S (formedy RLE DE 184).

I Company, Incorporated, Wilmington, DE, 14 De-
The materialstested Include chloroprene

cember 1976 (7 pages with 3 tables, availablefrom (chlorinatedIsoprene,neopreneW), chlorinated
JMC as RDB0534) rubber (neoprene), ethylene propylene diene

I monomer (EPDM), fluorinated propylene

iii I! 5-8 for ordering ,n,ormat,o,,; ; I
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monomer (FPM) copolymer, FPM terpolymer, sence of an effective deposition route. Limited []
hydrogenatednitdle (HN) rubber N grade, HN experience and published reports of copper J

rubber E grade, HN butyl rubber, HN green plating are discussed. Whereas R-134a has
rubber, natural rubber, nitrtle butyl rubbor been shown to be chemically and thermally n
(Buna(TM)N), butadiene-acrylonitrilecopolymer more stable than R-12 and does not react with II
(Buna(TM)N), nylon 6/6, poly but'ylenetereph- ester or PAG lubricants,no copper plating was
thalate (PBT), PBT with 10% glass, polyether observedin sealedtube tests. A numberof anti-
ether ketone (PEEK), poly ether sutfone (PES wear additives for synthetic lubricantsare cor- []
75), polyethyleneterephthalate(PET),polyimide rosivetoward copper, but noncorrosivealterna- II
75 (ICI Upilex(R)R), polyimide 50 (ICI Upilex(R) tires have been identified. Inhibitingthe disso-
S), polyimide (DuPont Kapton(R)),poly phenyl lution stage, rather than use of chelation com-
sulfone (PPS), and fluodnated copolymer of pounds to sequesterthe copper once in so4u- n
vinylidene fuoride and hexafluoropropylene tion, and thereby Inhibit its deposition, appears U
(DuPontViton(R)). Additionaldata are provided to be the most satisfactory approach. ,Well
for R-134a and Emkarate(TM)RL 15S (formerly known copper passivators,such as benzotria-
RLE DE 212) with 180 ppm water for EPDM, zole (BTA), benzothlazole (BTZ), and 2-mer-
natural,and nitrilerubbers as well as for nylon, captobenzothiazole(MBTZ) have been exam- II
PBT, and Viton. The experimentalapproach is ined. To date, it has proved possible to elimi-
briefy outlined, nate copper plating in systemsutilizingester lu-

bricants, ncompatibility of Nonmetallic Maf_erlalswith Re.
frigerants and Lubrlcants, ICI Chemicals and Disassembly and InspecUon of Compressor In
Polymers Limited, Runcom,Cheshire, UK, 16 May Laboratory Refrigerator Charged with R-134a, []
1989 (3 pages with 1 table, available from JMC as report NIST-13, E. I. DuPont de Nemours and I
RDB0004) Company, Incorporated, Wilmington,DE, undated

A table su0_madzes the swell (dimensional (40 pages with 50 figures and 3 tables, available
change) and veight gain of variouselastomeric from JMC as RDB0309) OB
and plastic rn&_erlalsimmersedin R.134a. The Thisreport documentsa detailed Inspectionof a U
materialsincluG,_dBuna('rM),Butyl(TM),DuPont hermetic compressor, operated for 8.7 years
Hypalon(R),NBR, Gadock neoprene,nitrile, ni- with R-134aand a polyalkyleneglycol (PAG)lU- IBB
trile Dunlop, nylon, Oilite and M229 rubber as- bricant,Union Carbide UCON LB-525. An un- []
bestos, polyetheretherketone(PEEK), Polypen- modified Frigidaire refrigerator was charged B
co Nylatron, polytetrafluoroethylene (PTFE), with R-134a in November 1977, but the com-
Reinz Thermolit K, terylene braid, and fluoroe- pressorfaileda monthlater. The failureanalysis ,m
lastomer(DuPontViton(R)). Quantitative results was not located, but the cause is believed to Uare presented for refrigerant-lubricantmixtures have been a manufacturingdefect. The com-
with 10% polyalkylene glycol (PAG); the lubrl- pressorwas replaced and the refrigerator re-
cants, ranging in viscosityfrom ISO 33 to 120, turned to servicein July 1978; it operated with- []
are not specificallyidentified. Some resultsalso out incident untilMarch 1987. The refrigerator I
are given with 100% refrigerant, was functioningnormallywhen shut down for

compressordisassembly,to determinethe long-
Copper Plating in R-134a Systems, technicalnote term effects of this refrigerant-oilsystem. This n
5, ici Americas Incorporated, New Castle, DE, report provides a photographic record of the li
USA, August 1990 (4 pages,RDB2518) disassembly,summarizesdetailedchemicaland

This document discusses copper plating, for- metallurgicalanalyses, and Includes profilome-
matton of a film of metallic copper on one or ter readingsto evaluatethe effectof slightcop- n
more areas of the compressor. Observations per platingon steel bearing surfaces. A hard- U
are compared for R-134a and synthetic lubri- ened steel vane spring, which broke when
cants to those for R-12 and mineral o11. The dropped, had been severely fatigued during mm
mechanisms are identified as copper dlsso_u- service. The polyethyleneslot liner insulation
tion, transport, and deposition. High occur- showed embrittlement,but was not analyzed.

Very limited refdgerant decomposition was
rencetraditionallyhas been regardedas being a found, andthe report concludesthat R-134ause
property of poody refined oils (via their high n
oleo-resin contents, which are rich in het- had very little effect on the metal parts of the II
eroatoms). The high heteroatom contents of compressor. Particles trapped in the oil pro-
esters and PAGs suggestsgreater inherentag- duced slightscareon metalliccontact surfaces.The molecularsievedder contained5% residual
gressiontowards copper and its alloys,leading
to greater dissolutionand a relativelyhigh equi- water, compared to a saturation value of 19- II
librlum copper contentin the oil. Thiswouldnot 20%. Unansweredquestions remain concern-
in itself lead to higher copper plating in the ab- ing the refrigerant-lubdcantstability;additionof

!
|
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I an oil stabilizeror use of a differentoUma,;.be 141b than to R-11. The other materials ex-
indicated. General Electdc Company and hibited resultslower than, or comparable to, R-
Tecumseh Products Company assisted in dis- 11 afterR-141bexposures.

I assemblingthe compressorand Interpretingthevisual evidence. Further examination of the
desiccant used, Union Carbide molecular sieve
type 4A-XH-6, is reported in document RDB-

I 0003. R-142b
Current Development Status of HPC-134a for K.S. Sanvordenker,Materials Compatibility of R-
Automotive Air Conditioning, document ARTD-2, 142b for Hermetic Units, Tscumseh Products

I E.I. DuPont de Nemoursand Company, Company,Ann Arbor, MI, June 1989 (7 pages with
Incorpo-

rated, Wilmington, DE, undated (16 pages, avail- 2 figuresand 5 tables, availablefromJMC as RDB-
able fromJMC as RDB0536) 0002) ,

I Two figures compare the miscibilityof R-142bUL 984 Tests with R-134a and Oils, Carder Cor- and R-22 with Capella B and Calumet R015
poration,Syracuse, NY (1 page with 1 table, avail- mineral oils. The miscibilityof R-142b with Ze-
able from JMC as RDB6017) rol(R) 150 alkylbenzene lubricant also is dis-

I A table summarizesUL 984 testsof motor mate- cussed. Quantitativedata on two magnet wirerialsaged at 110 °C (230 °F) for 60 days. Con- insulations (polyester-imide and polyester
trol resultsare compared to thoseafter separate enamel overcoated with amide-imide) with R-
exposuresto R-12 mixed with mineraloil (Witco 142b and R-22 are givenfor refrigerantabsorp-

I tion, softening,blistering,and retained dielectric
Suniso(R)3GS) and R-134a mixedwith the same
oil and with alkylbenzene oil (Zerol(R) 150). strength. R-142b and R-22 effectson the core-
Insulation failures (1 ma current leakage to bond tensile strength of two unidentified soi-

l ground after 1 minuteat 1.5 kV) and breakdown vent-based epoxy-type varnishesalso are pre-voltages are reported. Resultsare summarized sented. Additlonally,swell tests of R-142b with
for polyester-imide magnet wire, Dacron- four elastomedc (neoprene, EPR, nitdle, and
Valox(R)lead wire, DuPont Teflon(R)wire sleev- fluoroelastomedc (DuPont Viton(R) B) o-rings

I ing, DuPont Mylar(R)end cap, Mylar-Dacron(R) are given. In each Investigation,R-142b exhib-therrr=osleeve,Mylar(R)and Melinex(R)slotliners, ited ch_.racteristicscomparable to, or better
and Mylar(R)and Melinex(R)phase separators, than,R-22.
Breakdown voltages of 0.7-15.5 kV are indi-

I cated; current leakage failuresresulted only forthe polyesterimidemagnetwire.
R-245¢a

I R.G. Doerr, D. Lambert, R. Schafer,and D. SteinkeR-!41b (TheTrane Company), Stability and Compatibility "
Studies of R-245ca, CHF2CF2CH2F, A Potential

I Isotron R-141b Foam Blowing Agent: Material Low-Pressure Refrigerant, Froceedings of theCompatibility, preliminaryinformationbulletin,Elf International CFC and Halon Alternatives Confer.
Atochem North America, Incorporated(providedby ence (Washington, DC), Alliance for Responsible
the former PennwaltCorporation),King of Prussia, CFC Policy, Arlington,VA,pages 147.152, Septem-

I PA, Ma7 1f::=19(1 page with 1 table, availablefrom ber 1992 (6 pages with 1 figureand 4 tables, avail-JMC as RL;=QO.519) able fromJMC as RDB2AIO)

A table providesquamitativeand qualitativedata This paper reviewsthe selectionof R-245 iso-

i on weight change and swelling for common mers as low-pressure refrigerant candidates.elastomers,plastics, refrigeratorliner materials, This sedes offers the highest number of hydro-
and roofing membrane materials after a two- gen atoms without becoming flammable and,
week exposureto R-11 and R-141b. The elas- therefore, the best potential among fluoro-

I tomedc materials Include neoprene, ButyI(TM), propanes. R-245ca was selected for furtherex-BUna(TM)N, and fluoroelastomer (DuPont Vi- amination, based on performance modelling
ton(R)). The plasticsand refrigeratorlinermate- and its reported synthesis. Slightlylower effi-
rials include ABS polymer, FEP, Kynar PVDF, ciency is expected compared to R-123. Physi-

I polyethylene, polypropylene, polystyrene, cal and chemical propertiesare tabulated for R-polytetrafluoroethylene(PTFE), and potwiny1 11, R-123, R-134a, and R-245cafor comparison.
chloride (PVC). The ABS polymer, BunaN, Vi- R-245ca is expectedto be nontoxic,and it is in-
ton, and PVC materialsexhibited muchgreater dicated to be very similarto R-11 in terms of

I swellingand weight gain after exposure to R- molecular weight, boiling point, and critical

IIIII ,I see pages 5=8for ,,,u information JI
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temperature. Its ozone depletion potential Ityand compatibilitystudies. Sealed-tubetests, J
(ODP) is zero, but its 5.5 year atmosphericlife- with and without lubricants, indicate that R- []
time leads to a global warming potential(GWP) 245ca is extremelystable; no evidence of de-
higherthan for R-123 but lowerthan for R-134a. compositionwas noted after 500 hours at 175 []
[Newer data indicate an atmospheric lifetimeof °C (347 °F). Parr bomb compatibilitytestswith I
6.4 years.] The paler summarizesstabilityand electdcmotor materialsand elastomersshowed
compatibilitystudies. Sealed-tube tests, with lowerrefrigerantabsorptionthan for R-11and R-
and without lubricants, indicate that R-245ca is 123. The compatibilityof R-245ca was foundto []
extremelystable;no evidenceof decomposition be very similar to R-134a toward both motor m
was noted after 500 hours at 175 °C (347 oF). materialsand elastomers; no degradation was
Parr bomb compatibilitytests with electric mo- found for the materials tested. They included
tor materialsand elastomers showed lower re- varnishes,slotliners,DuPont Mylar(R)sheetand m
frigerant absorption than for'R-11 and R-123. tape, Dacron-Mylar-Dacron(R)and DuPont No- N
The compatibUltyof R-245ca was found to be mex(R) wedges, DuPont Dacron(R) tape 'and
very similarto R-134a toward both motor mate- cord, and reinforcedtape. The varnishestested
rialsand elastomers;no degradationwas found included solvent epoxy (Stealing(R)U-475 EH), m
for the materials tested. They included var- 100% solids epoxy (Stealing(R)Y-833), and wa- N
nishes, slot liners, DuPont Mylar(R) sheet and ter-borne epoxy (Schenectady Isopoxy(R)800).
tape, Dacron-Mylar-Dacron(R)and DuPont No- Weight, volume, and hardness change results m
mex(R) wedges, DuPont Dacron(R) tape and aretabulatedfor a proprietary,chloroprene,and icord, and reinforcedtape. The varnishestested nitrile elastomers. The resultssuggest further
included solvent epoxy (Stealing(R)U-475 EH), investigationof R-245ca as a potential refrtger-
100% solids epoxy (Stealing(R)Y-833), and wa- ant. Commercializationis not expected for a []
ter-borne epoxy (Schenectady ISOpoxy(R)800). numberof years pending flammability,toxicity, I
Weight, volume, and hardness change results and other testingas well as development of a
are tabulatedfor a proprietary,chloroprene,and competitivemanufacturingprocess. [see RDB-
nitrile elastomers. The resultssuggest further 2A10fortext] m
investigationof R-245ca as a potentialrefdger- |
ant. Commercialization is not expected for a N. D. Smith (U.S. Environmental Protection
number of years pending flammability,toxicity, Agency, EPA),K.Ratanaphruks,M. W. Tufts,andA.
and other testing as well as development of a S. Ng, (Acurex Environmental Corporation), R- m
competitive manufacturingprocess. [see RDB- 245ca: A Potential Far-Term Alternative for R-11, m
2All for presentationcharts] ASHRAE Joumal, Amedcan Society of Heating,

Refrigerating, and Air-Conditioning Engineers
R. G. Doerr, D. Lambert, R. Schafer,and D. Steinke (ASHRAE), Atlanta, GA, pages 19-23, February m
(TheTrane Company), Stability and Compatibility 1992 (5 pageswith 3 tables,RDB3301) II
Studies of R-245ca, CHF2CF2CH2F, A Potential This article summarizestests and modelling of

Low-Pressure(internationalcFcRefrigerant'andHalonpresentationAiternativesConfer-ChartsR-245, a candidate refrigerantto eventuallyre-
m

place R-11and R-123. Thermophysicalproper- m
ence, Washington,DC), September 1992 (4 pages, ties measurementsare described. The results m

availablefrom JMC as RDB2All) and findings of performance modelling are
This presentationreviewsthe selectionof R-245 compared to data for R-11 and R-123; the effi- m
isomersas low-pressurerefrigerantcandidates, ciency of R-245ca is Indicated to be 3-4% lower m
This series offersthe highest number of hydro- than for R-11. Rammability measurements
gen atoms without becoming flammable and, basedon the ASTM E681-85 procedureare de-
therefore, the best potential among fluoro- scribed. The flammabilitywas found to be sen- m
propanes. R-245ca was selectedfor further ex- sitiveboth to the presenceof moistureand the m
amination, based on performance modelling ignitionsource. Lower and upper flammability
and its reported synthesis. Slightlylower effi- limits (LFLand UFL) of 7.0-14.4% are reported
ciency is expected compared to R-123. Physi- at 30 °C (84 °F) for 43.5% relative humidity;the m
cal and chemical propertiesare tabulatedfor R- fluidwas nonflammableindry air. Tests of mis- II
11, R-123, R-134a, and R-245ca for comparison, cibllitywitil two unidentified polyol ester (POE)
R-245ca is expected to be nontoxic,and it is in- lubricants are discussed, indicating complete m

dicated to be very similar to R-11 in terms of miscibility,insensitiveto moisture content, for []
molecular weight, boiling point, and critical -30 to +125 °C (-22 to 257 °F) for concentra- []
temperature. Its ozone depletion potential tions of 10, 20, and 30% lubricant by weight.
(ODP) is zero, but its 5.5 year atmosphericlife- Sealed-tube tests to gauge compatibility with mm
time leads to a global warmingpotential (GWP) aluminum,copper, valve steel, fluoroelastomer lhigher than for R-123 but lower than for R-134a. (DuPontViton(R)),nitrile butyl rubber (Buna(TM)
[Newer data indicate an atmosphericlifetimeof N), neoprene, DuPont Nomex(R), and DuPont
6.4 years.] The presentationsummarizesstabil- m

I

|
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n Mylar(R)are Observations,resultsof ing stableresults. Repetitionof the E-245 tests
desc_Bd.

gas chromatogral_y and infraredspectrometry, with copper, iron,and glass coupons led to re-
acidity, weight change, and swell are summa- actions. Analysesof the pressure build-upas

i rized. The paper indicates that R-245ca with a well as a gas chromatogram and quantitativePOE lubdcant Is compatible with the metals analysiso, the reactionproductsare presented.
tested, Mylar, Viton; possibly compatible with Furthertestswith glass are outlinedto examine
Buna N and Nomex; and incompatible with the roleof water, .air,oxygen,and peroxide. The

U neoprene. As a chlorine- and bromine-free charts note that E-245 can react autocat-compound, R-245a is expected to have an alyticallywith glass to produce high pressures,
ozone depletion potential(ODP) of zero. Its at- hydrogen fluoride,and 2,2,2-t_uoroethyl ether
mospheric lifetime was estimated as 6.4 years (a convulsant). This reaction is accelerated by

i by measuringits reactionrate with atmospheric air (oxygen)and peroxide. The fractionof E-245hydroxyl radicals; its global warming potential remainingafter exposures at 121 °C (250 °F) for
(GWP) was estimatedto be one-thirdthat of R- 14 days are tabulated to indicate the effectsof

i 134a. Very preliminary testingof acute inhale- various materials. They included elastomers,tion toxicity tests are outlined;no signsof con- motor materials, copper, iron, water, glass-like
cern were identified at a concentrationlevel of materials. Tests with copper, iron, and alu-
993 ppm. The paper concludes that R-245ca minumat 166and 177 °C (330 and 350 °F) also

n has been shownto be a good candidate for re- are presented. E-245 was found to be unstableplacementof R-11 or R-123 inthe far-term, with fiberglassmotor materials.

E,1_14 R-717 (ammonia)

U T.P. Gross, Sealed-Tube Tnts - Grace Ether (E- G.D. Short (CPI Engineering Services, Incorpo-134), York InternationalCorporation,York, PA, 28 rated), Refrigeration Lubricante Update: Synthet-
March 1990 (2 pages with 3 tables, availablefrom lc and Semi-Synthetic Oill Are Solving Probleme
JMC as RDB0904) with Ammonia and Alternative Refrigerants,

i This memo summarizes sealed-tube tests to Technical Papers of the 12rhAnnual Meeting (4-7compare the stabilityof R-114 and E-134 when March 1990, Memphis, TN), International Institute
aged for up to 72 hours with severallubricants of Ammonia Refrigeration(lIAR), Washington,DC,
at temperature=as highas 182 °C (360 oF). The pages 19-53, March 1990 (36 pageswith 12 figures

n lubricantstested included York C, Zerol(R)300 and 4 tables, availablefromJMC as RDB2203)alkylbenzene, and UCON LB-165 polyglycol. This paper reviewsbenchtests and field experi-
Aluminum,copper,and ironwireswere Included encewith syntheticlubricants. The firstpart ad-

D as catalysts. E-134 was found to be somewhat dresses semi-synthetic, high-viscosity indexlessstable than R-114. (HVI), hydrocracked lubricants for improved .
performancewith ammonia. These lubricants
also are referred to as "hydrocrackedparaffinic

i oils"and as "restructured,semi-syntheticlubd-E-245 cants" to distinguish them from hydrogen fin-
ished oils, which contain more aromatic com-
ponents. The paper discusses the benefits of

i R.G. Doerr, R. Schafer,D. Lambert, and D. Steinke these lubricantsand bdefly reviewscase histo-(The Trane Company), Stability Studlee of E-245 ries for two applications. Advantages cited,
Fluoroether CF_CH2OCHF=, presentationat the leading to longer drain intervals,include goodIntomational CFC and Halon AlternativesConfer-

thermal and chemical stability, lower mutual

m ence (Baltimore,MD), Alliancefor ResponsibleCFC solubility, low foaming and volatility, excellentPolicy, Arlington,VA,December 1991 (4 pageswith low-temperature fluidity, high viscosity, and
14 charts, available from JMC as RDB2811) good demulslbility. The hydrotreatingprocess

These presentationcharts summarizean inves- also removes nearly ali aromatics, including

n tigation into the use of E-245, a proposed low- carcinogenic poly nuclear aromatics found inpressurerefrigerantfor centrifugal chillers. The some lubricants. The second part addresses
charts summarize properties of this fluid and polyalkyleneglycols (PAGs)and esters in posi-
sealed-tube tests to determine its stability, ttve displacementcompressorsfor R-134a and

I Tests In glass tubes, both with and without an refrigerant blends. Previously documentedunidentified oU, resulted in violent explosions, concerns with PAGsand low-viscosity,neopen-
Tests of R-123 and E-245 with copper and iron tyl esters are outlined. A new complex ester,

i coupons in Parr bombs are presented, indicat- which yields improved energy efficiency in

N [ pleasesee pages 5-8 for ordering information I
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screw compressorsand supedormiscibilitywith This bulletin summarizes the procedure and BB
R-22, is discussed. The compositionof naph- findingsfor two-weekexposuresof selected re- m
thenic, solvent-refined parafttnic, and hydroc- frigerationsystem materialsboth to R-12 and to
racked paraffinic lubricants are tabulated for a blend of R-22/R-142b (55/25). The materials mm

comparison. Similardata are provided on oxi- tested included copper wire, potyimide insula- IB
dation resistanceand emulsioncharacteristics, tion, and several plasticsar_l elastomers. The
Plots of viscos_ and antioxidant level, as func- plastics included nylon (DuPont Zytel(R) 101),
tions of time in use, are provided for the lubd- p_ytetrafluoroethylene(PTFE), FEP, PVDF (Ky- []
cants discussed. Solubility with ammonia, nar), PVC, low-densitypolyethylene,polypropyl. IIvolatility, and viscosity are plotted forthe hydro- ene, polystyrene,high-impactpolystyrene,and
cracked oils. The miscibility of two complex high-glossABS. The elastomersIncluded neo-
esters are shownfor R-134a, and theviscosity- prene, BUtyI(TM),Buna(TM) N, and fluoroe- lE
temperature relationshipsare graphically com- lastomer (DuPont Viton(R)). Swell (length in- mm
paredfor R-22with a complex esterand a naph- crease percentage), weight gain (percentage),
thenic oil. A figurecompares the isentropiceffi- and appearance (includingqualitativeobserva-
ciency of complex esterswith R-22to that for a tions on hardnessand embrittlement)are tabu- lB
polyalphaolefin (PAD) lubricant for a range of lated. mm
pressure ratios.

G. D. Short (CPI Engineering Services, Incorpo- Zeotro_es mm
rated), Hydrotreated Oila for Ammonia Refriger- II
ation, Technical Papers of the 7rh Annual Meeting D.J. Bateman, D. B. Bivens, R. A. Gorski, W. D.

(10-13 March 1985, San Antonio,TX), International Wells (DuPont Chemicals), R. A. Llndstrom,R. L IB
Instituteof Ammonia Refrigeration(lIAR), Washing- Morse, and R. L. Shimon (Tecumseh Products mm
ton, DC, pages 149-176, March 1985 (28 pages Company), Refrigerant Blends for the Automo-
with 8 figuresand 4 tables, availablefrom JMC as five Air Conditioning Aftermtrkst, paper 900216
RDB2204) (SAE InternationalCongress and Exposition, De- mm

troit, MI, 26 February - 2 March 1990), Society of IB
Automotive Engineers (SAE), Warrendale, PA,
February1990 (14 pages with 12 figuresand 8 ta-

Others bles,RDB2206) I
m

D. J. Bushouse,Degradation of Polyester Films Alternative Refrigerant Blends, E. I. DuPont de
by Alcohols, ASHRAEJournal, AmericanSociety of Nemoursand Company, Incorporated,Wilmington,
Heating, Refrigerating, and Air-ConditioningEngi- DE, 1989 (18 pages, available from JMC as RDB. BB
nears (ASHRAE),Atlanta,GA, volume 3, number9, 0530) BI
pages 61 rf,September1961 (RDB2301)

Compatibility of Elastomers with the Ternary m

J. F. Wilson, Effect of Methanol on the Perfor- Blends of HCFC-22/HFC.152a/CFC-114 and •
mance of Polyester Film in Reciprocating Re- HCFC.22/HFC.152a/HCFC.124, documentARTD

frigeration Compressors, ASHRAEJournal, Amed- 3, E. I. DuPont de Nemours and Company, Incor-
can Society of Heating, Refrigerating,and Air-Con- porated, Wilmington, DE, 7 November 1989 (26 lm
ditiontngEngineers(ASHRAE),Atlanta,GA, volume pages, availablefrom JMC as RDB0537) II
10, number 1, pages43 rf,January 1968 (RDB2205)

Ternary Refrigerant Blends, document ARTD-10,
E. I. DuPont de Nemours and Company, Incorpo- IB
rated, Wilmington,DE, undated (6 pages, available II

Blends fromJMC as RDB0539)

Ternary Refrigerant Blends for the Automotive mm
Aftermarket, document ARTD-1, E. I. DuPont de II

Azeotroges Nemours and Company, Incorporated,Wilmington,
DE, undated (12 pages, available from JMC as

Isotron 22/142b Blends for Refrigeration: Mate- RDB0535)
rlal Compatibility, preliminaryinformationbulletin, test results for R-22/152a/114 (36/24/40) mm
ElfAtochem North Amedca, Incorporated(provided (blend KCD-9430) and R-22/152a/124 (36/24/

bythe formerPennwaltCorporation),King of Prus- 40) (blend KCD-9433) for automotive use; con- II
sia, PA, May 1989 (1 page with 1 table, available cludesthat the blends are not drop-in replace- mm
fromJMC as RDB0520) ments for R-12, but that technologies exist or

can be developed to accomplish retrofitwhile

I
|
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I maintaining accepters perfc:_nance; topics Intermediate,and naphtheniclubricantsare dis-
covered includeer'ivironmentalimpacts;toxicity; cussed, and recommendations are presented
properties; flammability; compatibilitydata for for selection of oil types for specific applica-

I hosesconstructedof nylon, DuPont Hypalon(R) tions. Solubilitycurvesare presentedfor R-12,48, nitrile; compatibilitydata for elastomers R-22, and R-114 in four oils. The paper notes
including epichlorohyddn, neoprene, nitrtle; that the volumes of refrigerant-lubricantmix-
compatibility data for molecular-sieve desic- turesdo not necqssarilycorrespondto the sum

I cants; and solubilityand lubdck'ydata for BVM. of their separate volumes due to absorption;lOON,Idemitsu, and Mopar mineraloilsand Ze- data on increasesand decreases are provided
rol(R)500 alkylbenzene oils, the last with three for severalexamples.
additivesfor the lubdcitytests.

I R.C. Cavestriand J. Munk
(ImaginationResources,

Sealed-Tube Stability Tests: Ternary Blends Incorporated), Measurement of Viscosity, Den-
(KCD-9430 and 9433), document ARTD-13, E.I. sity, and Gas SolublUty of Refrigerant Blends,

i DuPont de Nemours and Company, Incorporated, report DOE/CE/23810-11B, Air-Conditioning andWilmington,DE, April1990 (11 pageswith 6 tables, RefrigerationTechnology Institute(ARTI),Arlington,
availablefromJMCas RDB0542) VA, April 1993 (32 pages with 17 figures and 1

table,availablefrom JMC as RDB3418)

I This progress report sumrnarlzesa project tomeasurethe viscosity,density,and solubilityof
four refrigerantblends as well as their compo-

I LUBRICANTS nents usinga single polyol ester lubricant. Therefrigerants Include R-32/R-125 (60/40), R-
32/R-125/R-134a (10/70/20), R-32/R-134a

L F. Albdghtand J. D. Lawter,Viscosity-Solubility (30/70), and R-125/R-143a/R.134a (44/52/4).

i The report describesexaminationof four differ-
Characteristics of Mixtures of R-13BI and Lubrk

ent penta erythritolpolyol esters includingtwo
caring Oils, ASHRAEJournal, American Society of branched acids (Castrol Icematic(R)SW32 and
Heating, Refrigerating,and Air-ConditioningEngi- Henkel Emery(R)2927a) and two mixed acids

i neers (ASHRAE), Atlanta,GA, pages 67-70, April (Emkarate(TM)RL 32S, formerly RL 184, and
1959 (RDB2207)

Mobil F.AL(R)Arctic 224R). The second of the

L F. Albdght and A. S. Mendelbaum, Solubility four was chosen for the studybased on liquid-
and Viscosity Characteristics of Mixtures of Lu- liquid miscibilityand low Influenceon refrigerant

I bricating Oils and Fr(mn 13 and 115, Refrigerat. blend fractionation. An alkylbenzene (Shdeveing Engineering, American Society of Refrigerating Zerol(R)150) was introducedto examine aro-
Engineers(now merged into the American Society matic propertiestowardmiscibility. R-22and R-502 also were examined with a mineral oil

i of Heating, Refrigerating,and Air-ConditioningEn- (Witco Suniso(R)3GS) for comparison. Miscibil-gineers,ASHRAE),Atlanta,GA,volume 64, number ity plots are provided for the four blends with "
10, pages 37-47 and 106, October 1956 (RDB2208) each of the ester and alkylbenzenelubricants

for compositionsof 5, 25 and 60% lubricant. A

I K. Azami, H. Hosoi, and N. Ishikawa(Sanden Cor- plot relates viscosity to temperature for R-22poration),Lubricant Screening for HFC-134a Car and mineraloil for -20 to +125 °C (-4 to 257 °F),
Air Conditioning Compressor Reliability, paper at pressuresof 69-1720 kPa(10-250 psia)and0-
901735, Society of Automotive Engineers,Warren- 60% refrigerantby weight. The viscosityand

I dale, PA, September 1990 (12 pages with 5 figures solubility of R-22 with mineral oil are plottedand 11 tables, RDB2209) againstpressurefor the isotherms in the same
rangesand for R-502 at 40 and 70 °C (104 and

C. M. Bosworth (Carder Corporation), Predicting 158°F).

I the Behavior of Oils In Refrigeration Systems,
Refrigerating Engineering, Amedcan Society of Re- K.W. Cooper and A. G. Mount, The Effect of 011
frtgeratingEngineers(ASRE, now merged into the Circulation on Compressor Capacity, ASHRAE
American Society of Heating, Refrigerating,and Air- Journal, American Society of Heating, Refrigerat-

I lng, and Air-ConditioningEngineers(ASHRAE),At-
Conditioning Engineers, ASHRAE), Atlanta, GA,

volume 60, number6, pages 617-620 and 654-655, lanta,GA,pages 39-42, October 1972(RDB3322)
June 1952 (7 pages with 12 figuresand 5 tables,

i RDB2503) S. Corr, P. D. Guy, A. A. Undley, F. T. Murphy,G.This paper discussesthe solubilityof lubdcating Tompsett (ICI Chemicals and Polymers, Umited),
oils in refrigerants,absorption of refrigerants, and T. W. Dekleva (ICI Americas, Incorporated),
solvent effects on nonmetallic materials, and The Effect of Miscibility on Performance of R-

B stability of oils. Differencesamong paraffinic,

| I .... ]pagess== 5-8 for u,u=r6 information
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m
13U and Alternative Lubricants, seminar pre- dustrtal heat pumps. Potential limitations of []
sentationat the ASHRAEAnnualMeeting, (Indiana- mineraloilsare examinedand physicaldata are m

polls, IN), ICI Amedcas Incorporated, New Castle, reviewed for synthetic lubricants, particularly
DE, USA, 24 June 1991 (20 pages with 24 charts, synthetichydrocarbonfluids (SHF) of the poly- []
RDB2521) alphaolefln type and selected poiyglycols, vis. m

cosity, vapor pressure,and stabilitydata are re-
S. Corr (ICI Chemicals and Polymers, Limited), viewed for selected synthetic lubricants with
Solubility and Miscibility - Relevance to Klee (TM) halogenated refrigerants. The field results in m
134a Refrigeration Systems, ICI Americas Incor- severalinstallationswith R-12 and R-114 are ex- m
porated,Wilmington,DE,USA, 8 February1991 (11 amined, to documentsatisfactoryoperationun-
pageswith8 figures,RDB2520) der the severeconditionsencountered.

This document exp4ainsthe meaning and re/e- m
vance of solubilityand miscibilitywithinrefdger- K.E. Davisand J. N. Vinci (Lubrizol Corporation), Bmi

ation systems, lt notesthat the solubilityof re- Formulation of Polyol Ester Lubricants for'Use
frigerant gas in the lubricant usually is an lm- with HFC Refrigerants, paper 1.3,Proceedings of mm
portant lubricant feature. In general, lubricants the International Seminar on New Technology of m
that displaymiscibilitywith the refrigerantliquid A/temat/ve Refrigerants - Lubricants and Materials
over a wide range of conditions will also have Compatibility (Tokyo, February 1983), Japanese

Association of Refrigeration(JAR), Tokyo, Japan,good refrigerantgas solubilities,but the reverse []
pages 15-20, February1983 (6 pageswith9 tables,

is not necessarilytrue. Althoughthesolubilityof RDB3308) m
refrigerantgas in liquid lubricantis important in
determiningthe viscosityof fluid at the evapo-
ratoroutlet, other factors also are likelyto have K.E. Davisand J. N. Vinci (LubrizolCorporation), m
an effect. An example Is the lubricantstructure Effect of Additive= in Synthsti¢ Ester Lubricants []
(e.g., polarity or hydrogen bonding). The via- Used wtth HFC.134a Refrigermnt,Proceedings of
cosity of the circulating liquid phase and the the InternatJonal CFC and Ha/on Altematives
velocity of the drivinggas are the two most lm- Conference (Washington, DC), Alliance for Re- m
portantconsiderationsfor lubdcantreturnto the sponsible CFC Policy, Arlington, VA, pages 125- BB

compressor. Lubricant viscosityand the solu- 133, September1992 (9 pages with 5 figures,RDB-
bility-relatedviscosityof the refdgerant-lubdcant 2"a'08) BB
mixture would be expected to govern lubricant This paper reviews tests of antiwear additives m
holdup,a measure of the lubricantquanta/ wlthsyntheticesterlubdca_s,foruse withR- []
availableto interferewith heat transfer. Expert- 134a inautomotiveand stationerycompressors.
ence indicates that the concentrationof lubd- The lubricantsaddressed are polyol-carboxylic _
cant in the liquid refrigerantphase is below 1% acid condensation products. The additive i
over the majority of the evaporation process,so screening and tests focused on suitabilityfor
lubricantmiscibilityactually does not appear to wear protectionof aluminum on steel, steel on
be significantin determiningoil holdup. Sepa- steel, and bronzeon steel. The advantagesof mm
rate liquid phases for the refrigerantand lubrl- R-12 lost in conversionto R-134a are outlined; l
cant willbe presentonly over a very shortlength they includeinherentantiwear properties,asso-
of the evaporator. Plots and tabular data are ciated with formation of metal-chloridebound-
provided for low-temperaturemiscibilityfor ester ary layers,and miscibilitywith mineraloils. The m
lubricants (Emkarate(TM)RL) in R-134a. The R-134a advantages, specifically avoidance of m
fraction of lubricant in refrigerantalso is plotted ozone depletion and high relative stability, also
forthe evaporatorlength, are noted. A need for a balanced additiveap-

proach, respectingboth protectionof contact- m
G. Daniel, M. J. Anderson, W. Schmid, and M. ingsurfacesand lowaggresslvitytowardcopper m
Tokumitsu (Mobil Oil), Performance of Selected and aluminum design components, is cited.
Synthetic Lubricants In Industrial Heat Pumps, The paper notesthat the Issueof copper plating
paper 133,Proceedings of the International Syrnpo. is a selection constraint, in light of its promi- m
sium on the Industrial Applicalfon of Heat Pumps nence with R-134a and use of polar, potentially m
(University of Warwick, UK, 24-26 March 1982), active lubricants. The paper reviewsa screen-
BHRA Ruid Engineering, Cranfield, Bedford, UK, ing protocol based on Falex pin and v-block m
pages 41-53, 1982; republished inJournal of Heat tests. Resultsare plotted for R-12 with mineral lRecovery Systems, Pergamon Press Limited, UK, oil, R-134awith theester, and thelatter pairwlth
volume 2, number 4, pages 359-368, 1982 (12 six unidentified additive systems. The most
pageswith 3 figuresand 4 tables, RDB2210) promisingof the additivepqckageswas further []

This paper reviews lubricationrequirementsat tested with three polyol ester lubricants for vts. m
highcondensingtemperatures(120-130°C, 248- cosities of 15.130 cSt. This additive is de-
266 °F), typical of those encountered in in- scribed as carefully balanced for multi-metal

!
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I compatlbUlty,namely sufficientlyactive for anti- Refrigeration(JAR), Tokyo, Japan, pages 45-50,
wear protection yet relatively inactive toward February1993 (6 pages with 3 figuresand 3 tables,
aluminum and copper-containingcomponents. RDB3312)

I The findingsof the compressortests, includingvisual examination for distress,deposit forma- D.R. Henderson (SpauschusAssociates,Incorpo-
tion, and copper platingare reviewed. A figure rated), Solubility, Viscosity, and Density of Re..
qualitatively compares the Falex and compres- frlgerant.Lubricant. Mixtures, report DOE/CE/

I sor results. The figureshowthe Falex test to be 23810.8F, Air-Conditioningand RefrigerationTech-a good predictor, though it Indicates greater nology Institute(ARTI),Arlington,VA,January 1993
bronze.on-steelconcernfor the optimizedaddl- (20 pages with 8 figures and 9 tables, available

I tire than was experienced In the compressor from JMC as RDB3207)tests. This intedmreport presentsresultsof measure-
ments to determine the solubil_ (pressure),

T. W. Dekleva (ICI Amedcas, Incorporated),Lubrk viscosity, and density of refrigerant-lubdcant

I cants for Use with R-134l in Domestic Appli- mixtures, lt summarizesInitialfindingsfor lowancee, presentationat the InternationalCFC and refrigerantconcentrations(70, 80, 90, and 100%
HalonAlternativesConference(Baltimore,MD), Al- lubricantby weight)for R-12 and R-22 withISO
llance for Responsible CFC Policy, Arlington,VA, 32 mineraloil (Witco Suniso(R)3GS) and R-134t=

I November 1990 (40 pages with 30 charts, RDB-2524) with ISO 32 penta erythritol ester mixed acF_(Mob, F.AL(R)Arctic32) for 0-100 °C (32.212
The data have been reduced to engineering

F. Espinoux,G. Bardy, B. Constans, P. Sanvl, and form and are presented as Daniel Charts.

I N. Genet (Elf Research Center, France), LubrlcityEvaluatlon for Lubrlcante Used In Refrlgeratlon Scatter diagrams, ovedaln with curve flts, areprovidedfor R-12 with mineral oil. These die-
with HFC-134a, Proceedings of the 1992 Inter- grams Illustrateboth the qualityof data and ra-
national Refrigeration Conference - Energy Effi. tionale for the manner chosen to representthe

I ciency and New Refrigerants, edited by D. R. Tree
data. The regressionequations and correlation

and J. E. Braun, Purdue University,West Lafayette, statlstlcsare reported. Viscosity,pressure,and
IN, volume 2, pages 405-414, July 1992 (10 pages density data are represented by Walther,

i with 6 figuresand 3 tables, RDB2823) quadratic polynomial,and linear equations, re-spectively. Measured data are tabulated for
D. J. Glove, Hlgh-Tempemture Solubllity of Re- each of the fiulds. The report outllnes work
frlgerants In Lubrlcatlng O11,Transactions, Ameri-
can Society of Heatlng, Reffigeratlng,and Afr-Con- performed for the project, lists the refrigerant-

I ditioningEngineers,ASHRAE),Atlanta,GA,volume lubricantpairs to be studied along wtth associ-ated temperature ranges, and summarizesthe
90, part 2B, pages806-825, 1984 (RDB2211) data reduction. 35 mixtureswill ultirnatelybe

tested over selected rangesof compositionand

i B.D. Greig (Castro/ Limited), Formulated Polyol temperature.
Ester Lubricants with HFC-134a: The Role of

Additives and Conversion of Existing CFC-12 H.G. Hirschberg (Gebr0der SuIzer AG, Switzer-
Plant to HFC-134a, Proceedings of the Interna- land), Oetermlning the Vilmoeity of Mi]durst of

I tional CFC and Ha/on Alternatives Conference Mineral Oil and Refrigerants, Suizer Technical(Washington, DC), Alliance for Responsible CFC Review, Winterthur,Switzerland,February 1964; ro-
Policy, Adington, VA, pages 135-145, September published in Modem Refrigeration, pages 711-7131992 (11 pages with 3 figuresand 3 tables, RDB.

I 2A09) (3 pages with4 figures,RDB2501)The Viscosityof lubricating oils is substantially
J. H. Grim, Lubrication Requirements for the Re- lowered by dissolved hydrocarbons. Determi-
frigeratlon and Air-Conditioning Industry, Trans- nation of viscosityfor refrigerant-lubricantmix-

I actions, American Society of Heating, Refdgerat- tures, therefore, is very ImportantIn equipmenting,and Air-Condltlonir Engineers (ASHRAE),At- and application design. The need Is heightened
lanta, GA, volume 82, part II, pages 567-571, 1976 by variations in the hydrocarbon content, re.
(RDB2528) latedto the originof the crude oil used,and the

I way in which lt Is refined. This paper outlinesP. E. Hansen (Danfoss-Rensburg GmbH, Ger- calculationmethods to determine the viscosity
many), On the Oil Selection Methodology for based on dng analysis,mean molecularweight,
New Refrigerants for Small Hermetic Compree. viscosity.temperaturerelation,and density. The

I 3.3, of the International ring analysis determines the paraffins, cyclic
sore, paper Proceedings
Seminar on New Technology of Alternative Refrig- paraffins(naphthenicsubstances,and benzene
erants - Lubricants and Materials Compatibility derivatives (aromatics) present In the oil. The

i (Tokyo, February 1983), Japanese Associationof

I _I*_,'_ e,,_ _,-_,-,_ ,_r_r;_,,.1 ;,.._;,_,.,.v.b,._;_,.._]
v= o= 5-8 for II I1%./1 I I IGI.IUI Ill=,/I _,,i_1 Ii it=,j
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BI
molecularweight is a measureof the sizeof the Instability,based on decarboxylationof the ester III
oilmolecules. The viscosity index,or alternative molecule, especially at 200 °C (347 °F). Ali of
viscosity pole height, may be obtained from the HCFCs tested, possiblyexceptingR-22, are
manufacturerdata. The paper discusses vis- less stable than the HFCs. Except for R-123, BI
cosity equationsdeveloped by a number of in- however, they are no more reactive than R-12 mm
vestigators, including Arrhenius, E. R. Epperson under equivalent test conditions. WhileR-123 is
and H. L Dunlap,L Grunbergand A. H. Nissen, significantlymore reactive, lt offers a stability
and H. Umst&tter. lt Illustratescomparative re- improvementby a factorof ten over R-11. n
suits based on a mixture of R-114 and mineral mm
oil. lt concludes that a modified version of the D.F. Huttenlocher (SpauschusAssociates,Incor-
Grunbergand Nissanequation Is usefulfor rap- porated), Chemical and Thermal Stability of Re- m
resentingand calculating the viscosities of re- frlgerant-Lubrlcant Mixtures with Metals, Pro- •
frigerant-lubdcantmixtures, ceedlngs of the 1992 International Refrigeration

Conference - Energy Efficiency and New Refrfger.
D. F. Huttenlocher (Spauschus Associates,Incor- ants, edited by D. _. Tree and J. E. Braun,Purdue •
porated), Chemical end Thermal Stability of Ro- University,West Lafayette,IN, volume 2, page 679, I
frigerant-Lubricant Mixtures with Metals, report July 1992 (1 page, available from JMC as RDB-
DOE/CE/23810-3B, Air-Conditioningand Refriger- 2813)
ationTechnology Institute(ARTI),Arlington,VA, 10 BB
july 1992 (64 pageswith 37 figuresand 24 tables, D.F. Huttenlocher (SpauschusAssociates,Incor- II
available from JMC as RDB2802) porated), Chemical and Thermal Stability oi Re-

frigerant-Lubrtcant Mixtures with Metals, report
This interimreport presentsstabilitydata, based DOE/CE/23810-2B, Air-Conditioningand Refriger- lib
on sealedtube tests,for mixturesof refrigerants atlonTechnology Institute(ARTI),Adington,VA, 31
and lubricants in the presenceof a valve steel March 1992 (28 pages with 11 figures and 12 ta-

m

strip. Tabular resultsare presented for R-22
with mineral oil, R-124 with alkylbenzene, R- bles,availablefrom JMC as RDB2416) m
134a with three panta erythritolesters (PEa), R- This interim report summarizes stability data, •
142b with alkylbenzene; R-143a with PE based on sealed tube tests, for mixturesof re- m

branched acid, and R-152a with alkylbenzene, frigerantsand lubricants in the presence of a
Partial results are provided for eight additional valve steel stdp. Tabular resultsare presented •
refrigerant-lubricantmixtures, including those for R-123with mineraloUat 105, 150,and175 °C s
containing R-11, R-32, R-123, R-125, and R-134. (221, 302, and 347°F)_ The findings indicate
The informationprovided Includesvisualobser- that prolonged exposures to temperatures ex-
vations on the aged sealed tubes and gas ceedingapproximately150 °C (302 °F)lead to II
chromatographic analyseson theirvapor-phase rapid chemical deterioration, yielding R-133a il
contents. Chloride Ion contents are provided and R-143a as decomposition products. Pre-
for hydrochlorofluorocarbon(HCFC) containing liminarydata, for tests at 150 and 175 "C (302,
mixturesand fluoride ion contentsfor hydrofluo- and 347 °F), are presentedfor R-22 with a min- •
rocarbon (HFC) mixtures. Total acid number eral oil ONltco Suniso(R)3GS), R-124 and R- B
values and Infrared analyses are presented for 142bwithan alkylbenzene (Zerol(R)150),and R-
mixturescontainingester lubricants. The min- 32, R-125, R-134a, and R-143a with penta ery-
aral oils tested were Wltco Sunlso(R)3GS (ISO thritol ester branched acid (Castrol Icematlc(R)
32) and Freezene Naphthenic Heaw white oil SW32). Preliminary resultsalso are presented il
(ISO 46). The alkylbenzenewas ShdeveZerol(R) for R-134a with a higher-viscositypenta erythd-
150. The polyallo/leneglycols (PAGe) included toeester (Henkel Emery(R)2928 ISO 100). The
ICI Emkarox(R)polypropyleneglycol butyl mo- informationprovided Includes visual observe- I
noether (ISO 32) and Dow ChemicalP245 poly- tions, chemical analyses, and gas chro-
propylene glycoldlol (150 22), The penta ery- matograms with summary data indicating the
thrltol esters (PEa) Included Castrol Icematic(R) fractionof refrigerantthat reacted. The preliml- m,
SW32 branched acid, ICI Emkarate(TM)RL nan/results suggestthat the seven refdgerant- I]mixed acids, and Henkel Emery(R)4078X (2928 lubricantsystemsare very stable at the temper-
ISO 100) 100 cSt. Most of the tests were re- aturestested, and that furthertesting is needed
peated at three temperaturelevels,namely 150, to define the upper temperature limits. [see IB
175, and 200 °C (221, 302, and 347 "F); addl- RDB2802for update] II
tional tests were performed at 105 "C (221 °F)
when Indicated. The preliminary findingsIndi- S.T. Jolley,The Performance of Synthetic E_er
cate that the HFCs tested are very stable and Lubricants in Mobile Air-Conditioning Systems, •
did not undergo measurable chemicalreactions LubrizolCorporation,Wlcldiffe,OH, 1992 (14 pages ii
or thermal decomposition,even inthe presence with3 figuresand 6 tables, RDB2C07)
of lubricants. The high-viscosityester is the
only lubricant that showed significant signs of

II
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I The publlcatlon reviews polyol ester chemistry S. Komatsuzakland Y. Homma, Antlselzure and
and the reactionsof alcoholandcarboxylicacid Antlwear Propertlea of l.ubrlcatlng Olls Under

i to produce them. The vadety of lubricantsthat Refrigerant Gas Environments, paper 90-AM.6C-can be produced from neopentylglycol(NPG), 1 (45sh Annual Meeting, Denver, CO, 7-10 May
glycerine (GLY), tdmethylolpropane(TMP) and 1990), Society of Tdbologlsts and LubricationEn-
pentaerythritol (PER) polyols (alcohols with glneers (STLE), May 1990; republishedIn Lubrica-

I multiplehydrox34reactionsites)le Illustrated. A t/on Engineering, STLE, volume 47, pages 193-198,table demonstratesthe Influenceof the alcohol 1991,May 1990 (RDB2213)
type on viscosityand miscibilityusingthe same
carboxylic acid. A second table shows that S. Komatsuzakl, T. Tomobe, and Y. Homrna

I when similar lubricants,with the same viscosity (Hitachi Umited), Additive Effects on Lubricityare prepared, differences occur in miscibility and Thermal Stability of Refrigerator Oils, Lubri-
with R-134a. GLY and NPG fluids exhibit the cation Engineering, Society of Tdbologistsand Lu-
poorest and high solubility,respectively. Tabu- bdcationEngineers (STLE), volume 43, pages 31-

I lated resultsof sealed-tube tests of R-134a and 36, 1987 (RDB2423)lubricant in the presence of iron, copper, and
aluminum show high thermal stability for a H. Kruseand M. Schroeder (Universes Hannover,
number of polyol esters, generally superior to Germany), Fundamentals of Lubrication In Re-

I that of R-12 with mineral oil. The more reactive frigeration Systems end Heat Pumps, ASHRAEsystems tended to be those with high water Journal, Amedcan Society of Heating, Refdgerat-
content or residual carboxylic acid. Data are lng,and Air-ConditioningEngineers(ASHRAE),At-

I presented on the same refrigerant-lubricant lanta, GA, volume 26, number 5, pages 5-9, May
pairs with addition of controlled amounts of 1984 (RDB3411)
water, to examinehydrolyticstability. Resultant
Increases In acid number are discussed, but J. L Little,Viscosity of Lubricating OII - Freon 22

i caveated that higher acid levels might occur Mixtures, Refrigerating Engineering, ArnedcanSo-with additives Instead of the base lubricants clety of RefrigeratingEnginesra (now merged into
tested. A figuresummarizeselastomerswellfor the AmedcanSociety of Heating, Refrigerating,and
mineraloil as wellas NPG, TMP, andPER esters Air-ConditioningEngineers,ASHRAE),Atlanta,GA,

I for NBR, H-NBR, EPDM, nitrtle, neoprene,and pages 1191-1195,November1952 (RDB2214)Butyl; the paper notes that further testing is
needed, lt then discussesmiscibilitywith rain- K. Mall, Messelnrlcht.ung zur ErmitUung des
eral oil, a concern for retrofitof automobileair Dampfdruckes von OI-Kiltemittel Gemischen

I conditionerswith R-134a and esters. TMP and (Measuring Apparatus for Determination of thePER esters are indicated to be fully compatible Vapor Pressure of Oil-Refrigerant Mixture=), K_]I.
with both residual R-12 and mineral oil. Com- tetechnik-Klimatisierung, volume 22, number 8,
pressortests are summarized,to addressthe in- pages257 rf,1970 (in German,RDB2502)

I fluenceof viscosityon durabilityand the role ofunidentifiedadditives. The paper Indicatesthat T. Matsuzakland M. Akel (CalsonicCorporation),
equivalentperformanceto R-12 and mineral oil The Friction and Wear Behavior In Refrigerant
can be obtained with polyol esters and appro- Atmosphere, paper 2.2, Proceedings of the

I prlate additive packages. The paper concludes International Seminar on New Technology of Alter.that polyol esters appear ideal for use in native Refrigerants- Lubricants and Materials
automobile air conditioner systems, and that Compatibility (Tokyo, February 1983), Japanese
they can be tailoredfor specific needs. Associationof Refrigeration(JAR), Tokyo, Japan,

I pages 27-32, February 1983 (6 pages with 13 fig-S. T. Jolley, New and Unique I.ubrlcants for Use ures,RDB3310)
in Comprealonl Utilizing R.134a Refrigerant,

i Proceedings of the 1990 USNC/llR-Purdue Refrig. Y. Natsume (Nlppondenso Company, Umited),eration Confuence and ASHRAE-Purdue CFC Refrigerating Machine La,brtu_nts for New Re-
Conference, edited by D. R. Tree, Purdue Univer- frigerant, paper 2.1, Proca,clings of the Interna-
sity, West Lafayette,IN, pages 145.152, July 1990 tional Seminar on New Technology of Alternative

I (8 pages with 1 figureand 5 tables, RDB2C06) Refrigerants - Lubricants and Materials Compati.bility (Tokyo, February 1983), Japanese Associa-
S. Komatsuzakl,Y. Homma, K. Kawashima,and Y. tlon of Refrigeration(JAR), Tokyo, Japan, pages
Itoh (Hitachi Umited), Polyalkylene Glycol al Lu- 21-26, February 1983 (6 pages with 11 figuresand

I L.tcant for HFC-134a Compressors, Lubrication 1 table, RDB3309)Engineering, Society of Tdbologists and Lubrica-
tion Engineers (STLE), volume 47, number 12, M.B. Pate, S. C. Zoz, and L J. Berkenbosch(Iowa
pages 1018-1025, December1991 (RDB2212) State Universityof Science and Technology), MI_.

I cibility of Lubricants wtth Refrigerants, report

' iil please see pages 5-8 for ordering information
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DOE/CE/23810-3C, Air-Conditioningand Refdger. Properties of polyallq/lene glycol (PAG) and
ation Technology Institute (ARTI), Adington, VA, polyol ester lubricantsare examined,with em-
July 1992 (22 pages with 24 tables,available from phasison inherentthermal stabilityand suitabil-
JMC as RDB2803) ity for use with R.134a in refrigerationcompres- IB

This progress reportsummarizesthe statusand sors. The PAGs addressed Include diols, mo- B
initial data obtained from an investigation of noethers, ester-ethers,and dlethers, ali stabt-
miscibilityof lubricantswith refrigerants. Ex. Ilzedwith 200 ppm BHT. Plotsof hygroscopicity

In two phases, and miscibilityof PAGs with mineral oils are iperimentsare being performed
namely screeningtests and preparationof mis- provided. The decomposition kinetics, based II

cibilityplots. Qualitativemiscibilityobservations on sealed.tube tests,are tabulated. The effects
are tabulated for R-32, R-125, R-134, R.134a, R. summarized include temperature (177-260 °C, IB
142b, and R-143awith four lubricants. They in. 350-500 °F), presence of metals (steel,copper, II
clude two penta erythritolesters, a mixed acid and aluminum) or R-134a, and PAG type.

I (ICI Emkarate('rM)RL 22H, formerlyRL244) and Problems of hygroscopicity,Incomplete _nlscl-
a branched acid (Castrol Icematic(R)SW32), bilitywith mineraloils, and Incompatibilitywith BB

chlodnatedsolventsexist, but they can be han-
and fortwo polyalkyleneglycols (PAGs),a poly- died by properhousekeepingDrocedures. Lack ill
propylene glycol diol (Dow P425) and a poly- of thermal stability,evenin the absenceof met-propylene glycol butyl monoether (ICI Emka-
rox(R)VG32). These tests were performed for als, at 177-204 °C (350-400 °F) is identifiedas a Ithree lubricant concentrations over a tem- key shortcomingfor the PAG candidates. The IB
peraturerange of -50 to +60 °C (-58to +140 °F) effectsof time, metal catalysts,and Initial mois-
for R-32, R-125, R-134, and R-143a. The range ture are tabulatedfor po_yolesters,againat ale.
was extended to +90 °C (+194 °F)for R-134a vated temperatures (204-260 °C, 400-5(X) °F). I
and R-142b. R.22, R-123, R-124,and R-152awill Pentaerythritoltetraester Isemphasizeddue, tn BI

be tested later. The refrigerantconcentrations part, to its better miscibilitywith R-134a com-
varied due to the method of chargingthe test pared to otherneopentytesters. Decomposition
cells, but futuretests will provide data at nomi- also was observed,but only in the presence of I
nal concentrationsof 10,50, and 95% by weight steel. A metal passivator specificto steelwas mB

for ali of the combinations. Composition found to providea simple remedy.
changes as the densityof the vapor decreases BB
and the vapor volume increasesare discussed. K.S. Sanvordenker (Tscumseh Products Com- B
Minor problems with leakage and corrections pany), Mechanism of 011-R12 Reaction| - the
are described. Summary observationsare pro- Role of Iron Catalyst In Glass Sealed Tubes, pa-
vided for each refrigerant-lubricantcombination, per 2881, Transactions, AmericanSociety of Heat- mBing, Refrigerating,and Air-ConditioningEngineers II

M. B. Pate,S. C. Zoz, and L.J. Berkenbosch(Iowa (ASHRAE),Atlanta,GA, volume 91, part lA, pages
State Universityof Scienceand Technology),Mill- 356-369, January1985 (14 pageswith7 figuresand
cibility of Lubrlcantl with Refrtgerlnts, Proceed. 1 table, RDB2217) lE
ings of the 1992International Refrigeration Confer- This frequently cited paper presentsthe chem- |
ence - Energy Efficiency and New Refrigerants, istry of oil and R-12 reactions in sealed-tube
edited by D. R. Tree and J. E. Braun,Purdue Unt- tests in detail. The paper revtewsthe mecha-
versity, West Lafayette, IN, volume 2, pages 681- nisms postulated in eadler publications [see i
686, July 1992 (6 pages with 4 figuresand 2 tables, RDB2326 and RDB2526] and observations !1
available fromJMC as RDB2814) based on Infraredabsorbance. The paper con-

cludes that iron acts as a participant In the re- mm

H. M. Parmelee,Viscosity of Refrlglrant-Oll Mix- action,ratherthanas a catalyst. Large amounts BE
turn at Evaporator Condltlone, Transactions, can be solublllzed,and the process of solubl- II
AmericanSocietyof Heatlng, Refrlgeratlng,and Afr- ilzationbeginseady. The Iron-ollmolecule and
Conditioning Engineers (ASHRAE), Atlanta, GA, R-12 react with the glass; this reaction also m
volume 70, pages 173.180, 1964 (RDB2215) starts much eadler than previously Indicated. IThe reaction forms boron-hydrogenand silicone
K. S. Sanvordenker (Tecumeeh Products Com- fluorinecompounds, while precipitatingout the
pany), Durability of HFC 134a Compreuore - solubilized iron. Based on gas analysisby In- ni
the Role of the Lubricant, (proceedings of the frared, a criterionis defined to identifythe entry II
42nd Annual International Appliance Technical of glass in sealed-tube reactions. The paper
Conference,Universityof Wisconsin,Madison,WI, traces throughthe postulatedreactionsand ex.
May 1991), repdnt by Tecumseh Products Com- periments conducted, to identify actual reac- BB
pany, Tecumseh, MI, 1991 (8 pages with 2 figures tions by elimination of participating materials. II
and 2 tables,RDB2216) Based on the finding that reactions involving

glassstartat an early stageIn systemscontain-
ingR-12, oil, and steel,data in pdorpu_ications IB

Ii
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I that show large amounts of reaction products provide expected durability and performance
needto be reexamined, with refrigerants.The paper identifiesnear-term

i alternatives for common chlorofluorocarbon
K. S. Sanvordenker (Tecumseh Products Com- (CFC) refrigerants,and provides tabular sum-
pany), Lubrication by Oil-Refrigerant Mixtures: marles of both candidate refrigerantsand rec-
Behavior in the Falex Tester, paper KC-84-14-3, ommended lubricanttypes for usewith R-22, R-

i Transactions, Amedcan Society of Heating, Refrtg- 23, R-123, and R-134a. The paper describestheerating, and Air-ConditioningEngineers(ASHRAE), derivation,applications,characteristics,and ex-
Atlanta, GA, volume 90, part 2, pages 799-805, perience with several lubdcants. They include
June 1984 (7 pages with 2 figures and 3 tables, polyol ester (POEs), polyalkylene glycols

I RDB2422) (PAGs), modified PAGs, diesters, PAG esters,The effectsof test parameters,withreferenceto carbonates, fluoroethers, fluorosilicones, and
the fundamentals of boundary lubdcation, are alkylbenzenes. Tables provide rec.ommended
discussedfor Falex pinand v-block tests. Such viscosityranges for differentcompressor types,

I refrigerant-lubricantmiscibilitydata for R-22andtests are widely used by equipment man- replacement candidates, lubdcity findingsufacturers and lubricant suppliers to simulate
lubrication In refrigerant compressorsand to (based on Falex pln-and-vee-blocktests) for
screen refrigerationlubricants. When modified ester lubricants and mineral oil with steel on

I steel, and the effects of additives on lubricantto providea closed, pressure-tightchamber,the stability. The paper discusses miscibility,vis-Falex machine permits laboratory simulationof
lubricantstn hermeticcompressors. The paper cosity dilution, lubrtcity tests, chemical and

I review fundamentaltheories of boundary lubri- thermal stability,and compatibilityof refrigerant-cation and wear to explain laboratory data that lubricant combinations with other materials.
may appear to be anomalous. In doing so, the Fourfigures illustratethe viscosity-temperature-
paper explains that trouble-free operation of pressurerelations for R-22 with a 32 ISO alkyl-

I hermetic compressors under high-oil dilution benzene, R-134a with a 68 ISO PAG, R-134aconditions of liquid feedback has been simu- with a 68 ISO POE, and R-134aand R-12witha
lated. The unanticipated result is explained on 46 ISO POE. The paper briefly cites findings
the basisof dissipationof frictionalheat fromthe with retrofitsand field experience of PAGs and

I rubbingsurfaces. The behaviorof additive-free POEs,and notesthat neitherare suitablefor uselubricants is described and compared to that with R-717 (ammonia). The paper concludes
with antiwear additives, such as tricresyl phos- that POEs appear to be the choice for HFCs
phate(TCP), and dialkyl benzenes with HCFC-123 and

I HFC/HCFC blends, lt notes that POEs areK. S. Sanvordenkerand M. W. Larime (Tecumseh preferredover PAGsfor retrofitdue to their mis-
Products Company), A Review of Synthetic Oils cibilityand theircompatibilitywith residualchlo-
for Refrigeration Use, Transactions, AmericanSo- rine.

I clety of Heating,Refrigerating,and Air-ConditioningEngineers(ASHRAE),Atlanta,GA, volume 78, part G.D. Short (CPI Engineering Services, Incorpo-
2, 1972; republished insymposiumbulletinNA-72-5 rated) and R. C. Cavestd(ImaginationResources,
(ASHRAE Annual Meeting, Nassau, Bahamas), Incorporated), High-Vllcos#y Ester Lubricants

I June 1972 with for Alternative Refrigerentll, paper AN-92-5-2
(6pages 1 table, RDB2218)

(Winter Meeting, Anaheim, CA, January 1992),
Transactions, Amedcan Society of Heating, Reffig-

B. H. Shoemaker, Synthetic Lubricating Oils, in- erating,and Air-ConditioningEngineers(ASHRAE),

I dustrial Engineering Chemistry, volume 42, number Atlanta, GA, volume 98, part 1, pages 789-795,12, page 2414, 1959 (RDB2219) 1992 (7 pages with 3 figures and 5 tables, RDB-

G. D. Short and T. E. Rajewskl (CPI Engineering 2102)

I Services, Incorporated), Lubricants for Use With This paper describesthe development of high-Highly Fluodnltld Refrigerlnts, Technical Pa- viscosity (ISO 68 and above), modified polyol
pers of the 1Sth Annual Meeting (21-24 March ester lubricantsand their interactionswith re-
1993, Vancouver,BC, Canada), InternationalInsti- frigerants. Typical properties are presented for

I tute of Ammonia Refrigeration(lIAR), Washington, 11 conventionaland modified penta erythritolDC, pages 139-169 as misnumbered,March 1993 (PE) esters, includingseveraldi- and trI-PEs,as
(31 pageswith 4 figuresand 6 tables, RDB3410) well as for a modified tdmethylolpropana ('I'MP)

i This paper provides an update on lubricantsfor ester. Data are reported with R-123, R.134a, R-use with hydro_tuorocarbon(HFC) refrigerants 152a, E-134, and E-245. The apparatus usedto
and HFC blends, lt also summarizes evalua- measureviscosity and density isdescribed. The
tions of several synthetic lubricants and the viscosityof a modified, high-viscosityesterwith

R-134ais presented for evaluationof the hydro-

i tests necessary to insure that a lubricant will

I p,uu:u uee pages o-o for ordering In[orrna[Ion
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n
dynamic lubrloatlonand sealingof compression nat/va Refrigerants - Lubricants and Materials
areas. Chemical and thermal stability and Iu- Compatibility (Tokyo, February 1983), Japanese
brlcity test results are provided for durability Associationof Refrigeration(JAR), Tokyo, Japan,
considerations, pages 101-104, February 1993 (4 pages with 5 fig- n

ures,RDB3319) mm
G. D. Short (CPI Engineering Services, Incorpo- This paper addressesdifferencesin interactions
rated) and R. C. C,avestri (ImaginationResources, between R-134a with syntheticlubricants and n
Incorporated), Selection and Performance of chlorofluorocarbons(CFCs) with mineral oils. U
Synthsti¢ and Semi.Synthetic Lubricants for Use Thediscussionnotesthe Importance of refdger.
with Alternative Refrigerants in Refrigerstlon
Applications, Proceedings of the 1990 USNC/IIR- ant-lubricantsolubilityfor oil returnto the com-
Purdue Refrigeration Conference and ASHRAE- pressor. The consequentrole of the refrigerant n

as a lubricantcontaminant,and specificallyre- IB
Purdue CFC Conference, edited by D. R. Tree, duction in viscosityand hydrodynamiclubdca-
Purdue University,West Lafayette, IN, pages 163- tion, is examined. The effectof rapid refdgerant
172, July 1990 (10 pageswith 10 figures,RDB2220) vapor release, called foaming, Is explained. A •

plotcomparesthe vapor pressureof R-134ain a mm
G. D. Short (CPI Engineering Services, Incorpo- polyol ester (POE)to R-12 in a mineraloil (MO)
rated), Synthetic Lubricantl and Their Refrlgera- at 27 and 79 °C (80 and 174 °F) with 10-70%ra-
tion Application=, (paper 89-AM-7A-1,44rh Annual frlgerant. The nature of the resultantfoams are I
Meeting, Atlanta,GA, May 1989), Lubrication Engi- characterized, that for R-12/MO as a stable IB
nearing, Society of Tribologists and Lubrication frothand that of R-134a/POE as an unstableor
Engineers (STLE), volume 46, number 4, pages quick breaking foam. Comparative foam
239-247, April1990 (RDB2221) heights are plotted and contrasted for oil-rich n

This paper reviewsthe requirementsand use of conditions,as in compressor crankcases,and
synthetic fluids as lubricants for refrigeration oil-lean conditions, as in evaporators of cen-
systems. R-12, R-13, R-22, R-114, R-134a, R- trifugal chillers. Significant differences are •
502, R-503, propane (R-290), and ammonia (R- noted for the former. Desorptiondynamics of I717) are addressed. Requirements are dis- thetwo refrigerant-lubricantpairs are discussed
cussed for thermal and chemical stability,mis- and plotted under driving temperature differ-
cibillty,solubility, and viscosity. Failuremecha- encesof 37 and 171 °C (67 and 308 °F). R-134a •
nismsincludingimproperviscosity,dilution,loss is shown to desorb more rapidly at common U
or breakdown of lubricant, failure of hydrody- thermal gradients. The paper concludes that
namic lubrication, foaming, and starvation re- vapor-venting needs to be altered in R-134a
lated to solubilityand miscibilitycharacteristics compressors. While the change can be readily n
are reviewed for rotary screw, reciprocating dealt with in new designs, the _,,_erence in II
piston, and rotary vane (both fixed and rotating) venting must be consideredin equipment con-
compressors. Petroleum-based,includingboth versions. The paper notes a need to examine
naphthenic and high.viscosity Index (HVi) effects of different foaming characteristicson n
paraffinic mineral oils, and syntheticlubricants heattransfer. II
are discussed. The syntheticsare grouped as
polyalphaolefin (PAO), alkytbenzene,and poly- I_ I. Sj(3holm(TeknikgruppenAB) and G. D. Short
alkylene glycol (PAGs)synthetic hydrocarbon (CPI Engineering Services, Incorporated), Twin- n
(SHC) oils. They also Includeesterssuchas di- Screw Compreelor Performance and Complex II
esters (or dibasic acid esters), neopentyl (or Ester Lubricants with HCFC-22, Proceedings of
polyol) esters, and modified complex esters, the 1990 international Compressor Engineering m

The chemical structuresand characteristicsof Conference at Purdue, edited by W. Soedel, Pur- •
these lubricantsare reviewed,and viscosityand due University,West Lafayette, IN, pa_,_s724-732, m
miscibilityplots are provided for representative July1990 (9 pageswith 8 figures,RDB2222)
refrigerant-lubricantsystems. Typical properties BI
are tabulatedfor complexesters of ISO 150 and L.I. Sjbholm (TeknlkgruppenAB) and G. D. Short I320 viscosity. The unique requirementsfor R- (CPI Engineering Services, Incorporated), Twin-
134a, propane (R-290), and ammonia (R.717) Screw Compressor Performance end Suitable
are outlined,concludingthat the syntheticlubrl- Lubricants with HFC-134a, Proceedings of the •
cants described offer a major contributionfor 1990 International Compressor Engineering Con- E
systemadvancement, ference at Purdue, edited by W. Soedel, Purdue

University,West Lafayette, IN, pages 733-740, July
H. W. Sibley (Carder Corporation), 011 Foaming 1990 (8 pageswith 7 figures (RDB2223) n
Characteristics - The Forgotten Design Pararn- II
star with HFC-134a, paper 5.4, Proceedings of the I H. O. Spauschus,D. R. Henderson, and D. F. HUt-
International Seminar on New Technology of Alter. I tenlocher (Spauschus Associates, Incorporated),

!
n
|
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I Boundary Lubrication Properties of Alternative Properties Conference, pages 375-379, 1989 (6
' Working Flukls, paper 3.1, Proceed/ngs of the pageswith 6 figures,available from JMC as RDB-

/nt6mattonai Seminar on New Techno/ogy of AJter- 2B11)

I n_tive Refrigerants - Lubricants and Materia/s This paper discussesthe solubilityof R-134a inCompatibility (Tokyo, February 1983) Japanese
' lubricantsat temperaturesof 303-363 K (86-194Associationof Refrigeration(JAR), Tokyo, Japan,

pages ;.,3-38,February1983 (6 pageswith 7 figures °F) and pressuresup to 2.5 MPa (360 psia), lt

i describessxperimentalapparatus, procedures,and 2 tables, RDB3311) and calculationsto determinesolubility. The lu-
ll. O. Spauschus,D. R. Henderson,and R. Rohat- bricantstested lnchKJeda naphthenicmineraloil

(Witco Suniso(R) 4GS), perfluoropolyethe,

i ghi (Spauschus Associates, Incorporated), SAE (Daikin Demnum(R)S-65), polyethyleneglyco_CocJperativeResearch Program: HFC-134a Lu- (Wako), and I:x_ypropyleneglycol (Wako). R-bricant Study, Final Report, Society of Automotive
134a.was found to be completelymisciblewith

Engineers (SAE), Warrendale, PA, 6 November the perfluuropolyether,partially miscible with

i 1992 (130 pages with 105 figures and 49 tables,
RDB3107) the two polyglycols,and almost immisciblewith

the naphthenic oil. Solubility plots are pre-
sented.

H. O. Spauschus(Georgia Instituteof Technology)

i and L M. Speaker,A Review of Viscosity Data for R.H.P. Thomas and H. T. Pham (AIIiedSignalIn-Oil-_..-,_rigerantSolutions, Transactions, American corporated), Solubility and Miscibility of Envi-Society of Heating, Refrigerating,and Alr-Condi-
ronmentally Safer Refrigerant-Lubricant Mix-

tioning Engineers (ASHRAE),Atlanta, GA, volume tures, paper AN-92-5-1 (Winter Meeting, Anaheim,

I 93, part 2, pages667-681, 1987 (RDB2224) CA, January1992), Transactions, AmericanSociety
H. O. Spauschus(Georgia Instituteof Technology) of Heating, Refrigerating,and Air-ConditioningEn-

' gineers (ASHRAE),Atlanta,GA, volume98, part 1,
Evaluation of Lubricants for Refrigeration and pages 783.788, 1992 (6 pages with 9 figure.-;and 1

I Air-Conditioning Compressors, Transactions, table RD921
as 01)American Society of Heating,Refrigerating,and Air-

Conditioning EnG:neers (ASHRAE), Atlanta, GA, Solubilityand miscibilitydata are presented for
volume 90, part 2, pages 784-798, 1984; repub- R-134a with two polyalkyleneglycol (PAG) lu-

I lished in ASHRAE Journal, volume 26, number 5, bdcants (AP-150 and AP-500) and three modi-pages 59 rf, 1984 (RDB2225) fled PAGs (BRL-150, BRL-300, and BRL-500).
Solubility was determin('d by measuring the

H. O. Spauschus(General :.lectdc Company), Va- equilibriumvapor pressure of mixtures of 10-

I por Pressures, Volumes, and Miscibility U._nits 90% refrigerant(by weight) inthe lubricantsforof Refrigerant 22-0il Solutions, Tran_:_ctions, 10-70°C (50-158 °F). Miscibilitywas determined
AmericanSociety of Heating,Refrigerating,and Air- by visual observationof a sealed sample im-

i Conditioning Engineers (ASHRAE), Atlanta, GA, m¢=rsedin a thermostatedbath for a range of
1964 (RDB2226) -dOto +70°C (-76 to +158 °F). Differencesin ..

rniscibilitycurve characteristicsare contrasted
H. O. Sp_uschus (General Electric Company), to mineraloils. The paper examinesoccurrence

i Thermodynamic Properties of Refrigerant-Oil of lower criticalsolutiontemperatures(LCSTs).Solutions: DlchlorodIfluoromethane (R-12) and Similaritiesof refdgerant-ollsystemsto solvent-
Petroleum Oil, ASHRAEJoumal, AmericanSociety polymer solutions are addressed, leading to
of Heating, Refrigerating,and Afr-ConditioningEn- correlations of the solubility data using the

i gineers(ASHRAE),Atlanta,GA,pages 63 rf,August Flory.Hugginstheory. While furtheranalysisis1963 (RDB2227) ' indicated, Rory-Huggins type plots allow de-
dt_ctionof compositionin a refdgerant-lubricant

L. M. Speaker and H. O. Spauschus(Georgia In- system,giventhe temperatureand pressureand

I stitute of. Technology), A Study to Increase the assumingequilibrium.State-of-the-Art Solubility and Viscosity Rela-
tionships for Oil-Refrigerant Mixtu;es, final report R.H.P. Thomas, R. P. Robinson,R. H. Chen, and
for 444-RP, AmericanSocie_ of Heating, Refriger- W-T. Wu (AllledSignalIncorporated),The Solubility

I ating, and...AJr-Conditioning!F.ngineers(ASHRAE), of R-32/125 in Modified Polyalkylene Glycols,Atlanta,GA, 20 February :_ (_DB2504) Proceedings of the International CFC and Halon
Alternatives Conference (Baltimore,MD), Alliance

Y. Tanaka, H. Kawach_,.,C. Takata, H. Kubota, and for Responsible CFC Policy, Adington,VA, pages

I T. Maklta (Kobe Univer_Lty},Solubility of 1,1,1,2- 375-383, December 1991 (9 pages with 2 figurestetr,.=fluoroethane (R-134a) in Refrigeration Oils, and 2 tables, RDB2228)
Proceedings of the Second Asian Thermophysical

t
.. I 1

' I I please see pages 5-8 for ordering information I
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This paper providessolublUtydata on a mixture (ASHRAE), Atlanta, GA, pages 37-38, February
of 60.32% R-32 and 39.68% R-125, by weight, 1991 (2 pageswith3 figures,RDB2230)
with two synthetic lubdcants. This nonsegre-
gatingrefrigerantblendis proposedas a candi- N.A. Van Gaalen, _. C. Zoz, and M. B. Pate (Iowa []
date replacementfor R-22 in medium-and high- State Universityof Science and Technology), The ii
temperature applications, with evaporator tem- Solubility and Viscosity of Solutions of R-S02 In
peraturesof -23 to 4 ° C (-10 to +40 °F). The Iu- a Nephtheni¢ Oil and in an Alkylbenzene at High
bricantsexaminedwere a modifiedpotyalkyJene Pressures and Temperatures, paper 3519 (580-
glycol (PAG) and a PAG dlol, BRL-150 and RP), Transactions, American Society of Heating, I
AP150 respectively. Testsalso were made with Refrigerating, and Air-Conditioning Engineers
mineraloilsand alkytbenzenelubricants,but the (ASHRAE),Atlanta, GA, volume 97, part 2, pages mB

refrigerant mixturewas found to be immiscible 285-292, 1991 (8 pages with 14 figures and 2 ta- I
with t.hem. By contrast, the refdgerant was bles, RDB2344) I
found miscible in the two PAGs from -60 to at
least +55 °C (-76 to + 131 oF). The same lubd- N.A. Van Gaalen and M. B. Pate, Methods of I
cants alsoare suitable for use with R-134a. The Measuring the Solubility and Viscosity of Lubrk Imiscibility of the refrigerant-lubricantmixture rating Oil/Refrigerant Mixtures, report ISU-ERI-
was determined by sealing samples in ther- Ames-91191 (ASHRAE580-RP), Iowa State Univer-
mostatedglasstubesand visuallyobservingthe sity of Science and Technology, Ames, lA, 199: I
c:_ntents. The solubilitywas studied by deter- (RDB2345) I
mining the equilibrium vapor pressure at con-
stantcompositionsas a functionof temperature. N.A. Van Gaalen, M. B. Pate, and S. C. Zoz (Iowa
The e_perimentalapparatus and procedure is State Universityof Science and Technology), The I
descrthed. Measuredvapor-pressuresare tab- Measurement of Solubility and Viscosity of I
ulated, compared to earlier data, and extrap<)- Oil/Refrigerant Mixtures at High Pressures and
lated using Rory-Hugginstheory. The relative Temperatures: Test Facility and Initial Results
pressure is tabulated at different temperatures for R-22/NepMhenIc Oil Mixtures, Transactions, I
for fixedfractionsof lubricantby volume for ver- AmericanSociety of Heating,Refrigerating,and Air- I
ification. Plots are provided for both pressure Conditioning Engineers (ASHRAE), Atlanta, GA,
and relativepressure versusvolume fractionof volume96, part 2, pages 183-190, 1990 (RDB2231)
lubricant, from 0.0 to 1.0, for R-32/125 in the I
modifiedPAG. The text observesthat the solu- N.A. Van Gaalen, M. B. Pate,and S. C. Zoz (Iowa I
bility for the PAG diol is of the same order. State Universityof Science and Technology), The

Solubilityand Viscosity of Solutions of HCFC.22 iii

R. H. P. Thomas, W-T. Wu, and H. T. Pham in NaphtthenicOil and in Alkylbenzene st High I
(AlliedSignal Incorporated), The Solubility and Pressures and Temperatures, Transactions, ml
Viscosity of Mixtures of R-134a with Modified American Society of Heating,Refrigerating,and Air-
Polyglycols, paper 48, proceedingsof the XVIIIth Conditioning Engineers (ASHRAE), Atlanta, GA, I

InternationalCongress of Refrigeration(Montreal, volume96, part 2, pages100rf,1990 (RDB2232) IQuebec, Canada, August 1991), InternationalIn- '
stituteof Refrigeration,Paris, France, August 1991 G. van der Waal (Unichema Chemle BV), The Re-
(9 pageswith 7 figures,RDB2229) lationship Between the Chemical Structure of []

The solubilitiesand viscositiesof mixturesof R- Ester Base Fluids and Their Influence on Eias- |tomer Seals, and Wear Charactedstlra, Journal
134a with two modified polyalk_ene glycol
(PAG)lubricantsare reported. The piston-cylin- of SyntheticLubdcants,volume 1, pages 280-301,

1985 (22 pages with 20 figuresand 4 tables, RDB- I
der type viscometerand apparatus for measur- 2233)ing solubilityare described The solublUtyof R- B

134a in BRL-150(ii 150 SUS experimentallubd- M.J. Zion,Lubricating Oi1=for Refrigeration eye-
cant) is plotted for 10-70 °C (50-158 °F) in con- I
centrationsof 0-100%. Itsviscosityin BRL-150 tems, Technical Papers of the Eighth Annual Iand BRL-300 (300 SUS) is plotted both as func- Meeting, InternationalInstituteof Ammonia Refrig-
tionsof temperature for -20 to +80 "(3(-4 to 176 eration (lIAR), Washington, DC, pages 137-154,
oF) and pressure. Analysis of the solubility 1986 (RDB3340) []
showsthat it can be describedby the Rory-Hu- i
gins theory. Boundary Lubriratlon of Terrmry Blends (KCD-

9430 and 9433), documentARTD-12,E. I. DuPont

R. H. P. Thomas, W-T. Wu, and H. T. Pham de Nemours and Company, Incorporated, Wilm- I
(AilledSignalIncorporated),Solubility and Viscos- ington, DE, undated (3 pages, available from JMC !1
ity of R-134a Refrigerant-Lubrirant Mixtures, as RDB0541)
ASHRAE Journal, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers I

I

I
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J , This document summarizesa study to deter- ity, and co.,',LTest resultsare reported for non-
' mine the lubricityof a 150 SUS viscosityalkyl- proprietar./ oils with ternary zeotropic blends

benzene (Shdeve Zeros(R)150) lubricant with and for proprietarylubricantswith R-134a. The

I two developmentalrefrigerants,KCD-9430 and solubilityof four unidentified
polyalk_enegly-

KCD-_. Bothareternaryzeotropicblends, cols(PAGs)withdifferentvlscositles,covering
R-22/R.152a/R.114(36/24/40)and R-22/R- appllancethroughautomotiveappllcatlons,are

i 152a/R-124 (36/24/40), respectively. Measure- plotted for mixtureswith R-134a. Their phasements were made using a modified Falex pin separation indicates incomplete solubility,as
and v-block test machine, with refrigerant,bub- contrastedto full solubilityfor mineraloils used
bled throughthe lubricant;the test procedure is with R-12. Implicationson flow, heat transfer,

i outlined. Failure loads are tabulated for the and oil returnare brieflymentioned. The resultslubricant alone, with R-12 for comparison,and of stability tests with aluminum, copper, and
with the two blends. Data are provided for the steelcoupons are tabulated for R-12 with both
neat lubricant, with two unidentified additives, naphthenicand paraffinicmineralo|lsand for R-

I and with both additives together. The docu- 134a with a PAG. One test with nylon also pre-ment concludesthat the alkylbenzenelubricant sentis included. The resultsindicate thatthe R-
with additives provides acceptable lubrication 134a and PAG system has acceptable stability.
with either blend. The refrigerant-lubricantmix- Plans for ongoing and future tests are noted.

I tures were deemed suitable for further com- Solubilityand lubricitytests for mineral oilsandpressordurabilitytesting, alkylbenzenes with ternary zeotropic blends,
comprisingR-22/R-152a/R-114 (36/24/40) and

Measurement of Solubility, Viscosity, and Den- _,-22/R-152a/R-124 (36/24/40), are bdefly re-

I $1ty of Synthetic Lubricants In HFC-134a Mix- viewed. They indicate that the mineraloils didturn, research project 716-RP, American Society not meet solubilitygoals. The blend and alkyl-
of Heating, Refrigerating,and Air-ConditioningEn- benzene systems did not perform favorably

i gineers (ASHRAE),Atlanta,GA, September1991 - without additivee,but responded well with addi-October 1992 (ASH0716) tion of extreme pressure(EP) additivesalready
This project addressesthe gas solubility(refrig- used in air-conditioningand refrigerationsys-
erant concentration),density,and viscosityof R- tems. Chemical stability test results are tabu-

I 134a in solutionswith syntheticlubricants. The latedfor two paraffinicand one naphthenicmin-pressures and temperaturesfor these determi- eral oils and an alkylbenzene lubricant (ali
nationswill range from 70 to 3450 kPa (10-500 unidentified)with R-12 and the two zeotropes.
psla) and -25 to 125 °C (-13 to 257 °F). The Qualitative findings are presented for liquid

I contractor for the project is Imagination Re- color, effect on metals, and copper plating;sources,Incorporated, led by R. C. Cavestd;ltis quantitativedata are Included for chloride and
sponsored by TechnicalCommittees3.4, Lubri. fluorideioncontent. Thebulletinconcludesthat
cation, and 8.1, Positive Displacement Com. the blend/alkylbenzene combination is more

I pressors, stable than R-12/mineral oil systemsand thatthe blend containingR-124 (KCD-9433) is more
Methods of Measuring the Solubility and Vie- stable than that containing R-114 (KCD-9430).
costty of Lubricating Oil-Refrigerant Mixtures at Furthertest needsare brieflysummarized.

I High Discharge Pressures and
Temperatures,

research project 580-RP, Amedcan Society of Real Time Determination of Lubricant Concen-
Heating, Refrigerating,and Air-ConditioningEngi- trations Dissolved in Alternative Refrigerants,

proposed researchproject761-TRP,American So-

l neers (ASHRAE), Atlanta, GA, June 1988 (ASH- clety of Heating, Refrigerating, Air-Conditioning0580)
Engineers (ASHRAE), Atlanta, GA, in planning

The contractor for the project was Iowa State (ASH0761)
Universityof Scienceand Technology,led by M.

I B. Pate. The project was sponsored by Tech- This project will evaluate three means of mea-nicalCommittees3.4, Lubrication, and 8.1,Pos- suringthe concentrationof lubdcantscirculating
itive Displacement Compressors. [see RDB- in refrigerationsystems. The apparatusto be
2344 and RDB2345for findings] addressed Include a viscometer,a densimeter,

I and an acoustic velocity sensor. The project isOils for Alternative Refrigerants, document a follow-upto a priorproject,Real Time Deter.
ARTD-11, E. I. DuPontde Nemoursand Company, ruination of Concentration of Oil Dissolved in

i Wilmington,DE, undated circa 1990 Refrigerant Row Stream Without Sample Re-I.corporated,_pages, availablefromJMC as RDB0540) moval (365-RP, see ASH0365), completed in
]1 January 1988. Three alternativerefrigerantswill

This bulletin reviewsthe properties desired in be evaluated, including R-123, R-134a, and a
developmental lubricants, including acceptable thirdto be determined. Eachwill be tested with

I solubility,lubricity,stability, compatibility,toxic-

=,

i i p,easeseapages58,ororer,ognformat,ooI
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two lubricantsin concentrationsof 0-6% at tem- hydrofluorocarbons(HFCs) with a representa- n
peratures representative of condenser outlets, ttve lubricant. An additionalobjective is to de-
namely 24-49 °C (75-120 °F). This project is terminethe influence,if any, of the lubricanton
sponsored by ASHRAE Technical Committee segregationand fractionationof the refrigerant n
1.2, Instruments and Measurements. Further mixtures. R-32/134a (30/70), R-32/134a II
informationis availablefrom the ASHRAEMan- (70/30), and purealone will be examinedwith a
agerof Research(+ 1-404/636-8500). 32 ISO polyol ester lubricantin compositionsof m

0-100%, vapor pressuresof 70-2350 kPa (10- aB
Solubility of R-123 and R-134a in Oils, Carder 500 psia),and -40 to 125°C (-40 to 257 °F). The Bl

Corporation, Syracuse, NY, September 1989 (3 miscibilityand composition,in the gas and Iiq-
pages with 3 figures, availablefrom JMC as RDB- uid phases (dissolved in the lubricant or as a n
0014) separateliquidphase), of the cited fluids and of |R-134a also will be measured. The resultswill

Two figures summarize the solubilityof R-123 be plotted. This project is cosponsore_l by
with Mobil DTE 26 .and Mobil DTE Heavy ASHRAE Technical Committees 3.4, Lubrica.
Mediummineral oilsfor -29 to -23 °C (-20 to -10 m
°F). Criticalsolutiontemperaturesare shownfor tion, and 8.1, Positive Displacement Cornpres.
solutionsof 70-95% R-134a in unidentified300 sors. Proposals are due at ASHRAE Head-

m

quartersby 28 May 1993; further informationis
and 750 SUS polyglycollubricants, available from the ASHRAE Manager of Re- m

Solubility of Refrigerant in Lubricants: HFC- search(+1-404/636-8500). !1
134a, report NIST-3, Freon(R)ProductsLaboratory,
E. I. DuPont de Nemours and Company, Incorpo- TheandCompatibilitYEsteror PAG°fBasedMetalSLubricants,with"Klea'(TM)technicai134a n
rated,Wilmington,DE, undatedcirca 1989 (3 pages nnote3, ICI AmericasIncorporated,New Castle,DE,
with 2 tables,available from JMC as RDB0533) USA, August 1990 (5 pages with 3 tables, RDB-

mB

Solubility data for R-134a are presented for a 2517)
range of lubricantsbased on tests run from -50 n
to +93 °c (.58 to 199 oF). Mixturesof 30, 60, The corrosionratesof metalsand commentson
and 90% refrigerantby weightwere tested with their appearance are tabulated for selected

U

metals,followingexposures to R.134a and two
the lubricantsin air-free sealed tubes. Solubility lubricantsfor 14 days at 200 °C (392 °F). The mB

was determined, following a minimum of 15 ;Clminutes with agitationat each temperature;the lubricantstested were DE184 (32 cSf at 40 II
with 90 ppm water and DE214 (14 cSt at 40blends were considered immiscible when they

acquired and retained schlieren lines, formed with 246 ppm water. The metals Includecop-
floc, or formed two liquid layers. The lubricants per, 60/40 brass,OHFC copper, grade 12 cast II

iron, aluminum (99.6%), and aluminum alloys m
include a polychlorotrtfluoroethylene(Halocar- LM2and LM24. Weightgain, indicatingthat the
bon blend 700/95-6.7/93.3 500 SUS), four per-
fluorinatedpoly alkyl ether oils (Krytox(R)GPL waslUbricantobservedhasenteredforcasttheironpor°sitYandtheof the metals,aluminum n
150and 480 SUS and Fomblin(R)Y 25/5 and Z- n
15, both 417 SUS), and DaikinDemnum(R)S-65 alloysfor lubricantDE184 and also for the alu-
300 SUS), dipenta erythritolestersof fatty acids minumfor DE214. The report notesthat chemi-
(Hercules240 and 290 SUS), PEG estersof fatty cal reactionof the metallic coupons ts negltgl- Blble. lt suggeststhat the effect of corrosion
acids (CPI Engineering144, 620, and 830 SUS), productsdue to tdbological wear causes their II
naphthenic oils (Wltco Suniso(R)5GS 500 SUS corrosionratherthan a straightchemicalattack.
38% aromatic, Witco 500 SUS and two experi-
mental oils at 520 SUS 47% aromatic and 529 Theexperimentalapproach is bdeflyoutlined. A n
sus 75% aromatic), parafflnic oa (BVM-IOON table is provided to facilitate comparisons of
500 SUS), three allo/Qbenzenes(Zerol(R)300 BritishStandard and ASTM designations,since

II

SUS, Conoco DN600 125 SUS, and Nippon Oil the test specimenswere obtainedaccordingto
AtmosHAB15F 78 SUS), and three siliconeoils the former, m
(union CarbideL-45 163, 231, and 462 SUS). U

Study of the Segregation or Fractionation of Re- m
frigerant Blends in Contact wtth Lubricants and m
Measurement of Viscosity, Solubility, and Den- U
sity, proposed researchproject779-TNP,American
Society of Heating, Refrigerating,and Air-Condi- n
tioning Engineers (ASHRAE),Atlanta,GA, in plan- E
ning(ASH0779)

This projectwillmeasurethe solubility,viscosity,

and density of refrigerant blends comprising N
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i THERMOPHYSICAL PROPERTIES among property sources Identified. An intro-
ductory section outlines conversions among
several metric systems, includingSI, and inch-

n pound units. An appendix summarizesqualityrequirementsfor compliancewith the Japanese
Industrial Standards (JIS) and specificallyJIS

n _ K1517-1973. .

I R-12 R-13B1
Thermophysical Properties of Refrigerants (R- Thermophysical Properties of Refrigerants (R-
12, DichlorodJfluoromethane), Japanese Associ- 13B1, Bromotrifluoromethane), Japanese Asso-

I ation of Refrigeration,Tokyo, Japan, August 1981 ciationof Refrigeration,Tokyo, Japan, March 1989with errata dated 1986 (160 pages with 23 figures (162 pages with 25 figures and 50 tables in both
and 90 tables in both Japanese and English,RDB- Japaneseand English,RDB0402)

i 0401) This comprehensivevolume summarizescritl-This comprehensive volume summarizescriti- cal, thermodynamic,transport,physical,chemi-
cal, thermodynamic,transport, physical,chemi- cal, compatibility,and otherdata availableon R-
cal, compatibility,and otherdata availableon R- 13B1. Includedare tabulardata and/or plotsfor

i 12. Included are tabular data and/or plots for PVT properties,enthalpy,entropy, Isobaric andPVT properties, enthalpy, entropy,isobaricand isochoric specific heat capacity, specific heat
isochodc specific heat capacity, specific heat ratio,speedof sound, surfacetension,viscosity,
ratio,speedof sound, surfacetension,viscosity, kinematic viscosity, thermal conductivity, tFsr-

m kinematic viscosity, thermal conductivity, ther- real diffusivity, Prandtl number, solubility, re-mal diffusivity, Prandtl number, solubility, re- fractiveindex, dielectricconstant,volumeresis-
fractive index, dielectricconstant,volume resis- tivity, and dielectric strength. An equation of

i tivity,and dielectric strength. A 32-term poly- state is presentedand compared to otherequa-
nomialequationof state is presentedand com- tionsand data. Relationsalso are presentedfor
pared to other equations and data. Relations key equilibrium properties. Data are tabulated
also are presented for key equilibriumproper- for the solubilityof R-13B1 in both a naphthenic

I ties. Data are tabulated for the solubilityof R-12 mineraloil and a syntheticpolyglycol lubricant.in water, moisture contents of saturated R-12 Limitedstabilityand compatibilitydata are out-
liquidand vapor, and R-12 in a naphthenicmin- lined. Published safety data, includingtoxicity
eral oil. Data, including decomposition prod- and flammability,are summarized. The volume

I ucts by pyrolysisand hydrolysisrates,are pro- containsan extensive list of referencesas wellvided on the stabilityof R-12 in the presenceof as discussion of the ranges and differences "
metalsand oil. Linearswell,weightchange, and among property sources identified. An intro-
observationsare provided for R-12with plastics ductory section outlines conversions among

U including polytetrafluoroethylene(PTEF), tetra- severalmetric systems,IncludingSI, and inch-fluoroethylene-hexafluoropropylenecopolymer, pound units. An appendix addresses compli-
polyethylene,polwinyl alcohol, polypropylene, ance with the Japanese Industrial Standards
polwinylchloride (PVC), polwinylidene chloride, (JIS), noting that the quality of R-13B1 is not

i nylon resin, acrylic resin (polymethacrylate), covered;requirementsfor the quality of R-13B1polystyrene,phenolic resin,epoxy resin, acetal as a fire e_,Inguishant,Halon 1301, under an
resin,celluloee acetate, cellulose nitrate, acryl ordinance of the Ministry of Home Affairs are
fiber, and polyesterfiber. Unear swelldata are summarized. R-13B1 also is regulated as a

i tabulated for neat R-12, oH,and a 50/50 mixture "liquifiedgas" by the Japanese Regulationonwith elastomers including neoprene W, neo- High-PressureGases.
prene GN, neoprene RT, BunaFM) N, Buna(TM)

i S, naturalrubber, polysulflderubber, epichloro-hydrin rubber, butyl rubber GR-I, chlorosulfo-

nated polyethylene (DuPont Hypalon(R) 40),
polwinyl alcohol (PVA), fluoroelastomers

i (DuPontViton(R)A and B), and urethanerubber. K. Stephan and J. Biermann(UniversitAtStuttgart,Published safety data, including toxicity and Germany), Thermal Diffutivlty Meaeurement of
flammability, are summarized. The volume
contains an extensive list of referencesas well Refrigerant 22 at Low Preelurn Uelng the Pho-

i as discussion of the ranges and differences toacoustic Effect, Proceedings of the 1992Inter-

i i please see pages 5-8 for orderinginformationI
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national Refrigeration Conference - Energy Effi. has been developed. The criticalpressureand i
ciency and New Refrigerants, edited by D. R. Tree densityare 5.830 MPa (846psia) and 430 kg/m3

ii

and J. E. Braun,Purdue University,West Lafayette, (26.8Ib/cf), respectively.
IN, volume 1, pages 149-156, July 1992 (8 pages l
with 5 figuresand 2tables, RDB2716) O. Z-Y. Qian, H. Matsunobe, H. Sate, and K. li

Watanabe (Keio University, Japan), Thermody.
Thermophysical Propertlee of Refrigerante (R- namic Property Measurements for Difluoro-
22, Chlorodifluoromethane), Japanese Associa- methane (HFC-32) by • Burnett Method, paper i
tion of Refrigeration,Tokyo,Japan,November 1975 B103, Proceedings of the Twelfth Japan Sympo. li
with errata dated 1986 (164 pages with 22 figures sium on Thermophysical Properties, pages 73-76,
and 78 tables in both Japanese and English,RDB- 1991 (4 pageswith 8 figures,RDB2428) i
0403) This paper summarizesmeasurementsof vapor i

This comprehensive volume summarizes criti- pressuresof R-32 at temperaturesof 300-_30 K UB

cai, thermodynamic,transport, physical,chemi- (80-134 OF)and compressibilityfactorsfor 300-
cal, compatibility,and otherdata availableon R- 350 K (80-170 °F) and 0.15-4.3 MPa (22-624 l
22. Included are tabular data and/or plotsfor psia). The experimentalapparatusused, based i
PVT properties, enthalpy,entropy, isobaricand on a Burnett method, is brieflydescribed. Sec-
isochoric specific heat capacity, specific heat end and third virialcoefficientsfor property cal-
ratio,speed of sound, surfacetension,viscosity, culationsare presented. A systematicerror, re- I!
kinematic viscosity, thermal conductivity, ther- lated to an adsorptioneffect in the Burnettex- i
mal diffusivity,Prandtl number, solubility, re- perimentalprocedure,and a and correction are
fractive index, dielectricconstant,volume resis- discussed.
tivity, and dielectric strength. An equation of i
state is presented and compared to otherequa- il
tions and data. Relationsalsoare presentedfor

key equilibrium properties. Published safety R-114 idata, including toxicity and flammability, are isummadzed. The volumecontainsan extensive
list of references as weft as discussionof the Thermophyeical Properties of Refrigerants (R-

114, 1,2-Dichlorotetrafluoroethane), Japanese
rangesand differencesamongpropertysources Associationof Refrigeration,Tokyo, Japan, March iidentified. An introductorysectionoutlinescon-
versions among several metric systems, in- 1986 (162 pages with 23 figures and 46 tables in i
cluding SI, and inch-pound units, bothJapaneseand English,RDB0404)

This comprehensive volume summarizes criti- IB
cal, thermodynamic,transport, physical,chemi- |
cal, compatibility,and otherdata available on R-
114. Included are tabular data and/or plotsfor
PVT properties, enthalpy,entropy, isobaricand II
isochoric specific heat capacity, specific heat I"

P. F. Ma!brunet, P. A. Meunier, G. M. Scatena ratio,speedof sound, surfacetension,viscosity,
(Laboratoiredes Hauts Pressions,France), W.H. kinematicviscosity, thermal conductivity, ther-
Me_=rs,K. P. Murphy,and J. V. Sinka (AIIiedSignal i
Incorporated, then Allied Chemical Corporation), mal diffusivity, Prandtl number, solubility, re-fractiveindex, dielectricconstant,volume resis- I
Pressure-Volume.Temperature Behavior of Di- tivity,and dielectricstrength. An extended Mar-
fluoromethane, Journal of Chemical and Engi. tin-Hou equationof state is presentedand com-
neering Data, volume 13, number 1, pages 16-21, pared to other equationsand data. Relations i
January 1968 (6 pages with 3 figuresand 7 tables, also are presented for key equilibdumproper- I
RDB2310) ties. Data are tabulated for the solubilityof R-

The pressure-volume-temperature(PVT) prop- 114 in water, moisturecontents of saturated R- B
ertles of R-32 are correlated using the Martin- 114 liquid and vapor, and R-114 in both a i
Hou equation of state to within __.0.94%stan- naphthenicmineraloil and a syntheticpolyper- i
dard deviation over the experimental ranges: fluoroetherlubricant.Limiteddata on hydrolysis
25-200 °C (77-392 °F), 0.8-20 MPa (120-2900 rates,stabilityof R.114 inthe presenceof metals i
psia), and 47-1.8 cc/g (0.75-0.03 cf/Ib). Vapor and oil, and compatibilitywith other materials lpressureshave been determined from -83 °C (- are outlined. Publishedsafety data, including
117 oF) to 78.4 °C (173 OF),the measuredcritical toxicity and flammability,are summarized. The
temperature. Using liquid densities measured volume containsan extensive list of references i
between -25 and +78 °C (-13 and +172 °F) and as well as discussionof the rangesand differ- |
densities of saturatedvapor computed from the ences among property sources identified. An
Martin-Houequation, a rectilineardiameter line introductory section outlines conversions

!
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I among several metricsystems,IncludingSI, and (86 °F). lt thenpresentsa tabularcomparisonof
inch-pound units. An appendix ,summadzes performance for R-11 and R-123. The report
quality recluirements for compliance with the provides tabular thermodynamic properties

I Japanese IndustrialStandards(JIS) and specifi- (pressure,density, volume, liquid and
vapor va-

callyJIS K1528-1982. R-114 also isregulatedas por enthalpyand entropy, and latentheat of va.
a "liquifledgas' by the Japanese Regulationon porization)for -18 to 71 °C (0 to 160 °F). For.

i High-PressureGases. mulae are providedto calculatethermodynamicproperties including vapor pressure, ideal gas
heat capacity, and liquid density correlations.
Estimatedcoefficientsare presented for a Mar-

I R-12_1 tin-Hou equationof state. AlliedSignal'sproductname for R-123 is Genetron(R)123.

L A. Weber and J. M. H. Levelt Sengers (National
Thermodynamic Properties of HCFC-123 (2,2-

i Institute of Standards and Technology, NIST), dichloro-l,l,l-trifluoroethane), technical informa-Critical Parameters arid Saturation Densities of tion report T-123-ENG (H-47753), DuPont Chemi-1,1-Dichloro-2,2,2-T_fluoroethane, Fluid Phase
cals,Wilmington,DE, January 1993 (40 pages with

Equilibria, Elsevier Science PublishersB.V., Ares- 1 figureand 2 tables, available from JMC as RDB-

i terdam, The Netherlands, volume 55, pages 241- 3422)249, 1990 (9 pages, RDB0915)
This report provides thermodynamic property

An optical cell has been used to determine the data for R-123 in inch-pound (lP) unitsof mea-

l critical parameters, T.. and Pc, and densities sure. lt provides physical properties includingalongthe liquid-vapor_hase boundary of R-123. the chemical formula, molecular weight, atmo-The critical temperaturewas found to be 456.87
K (363 OF)and the critical densityIs 550 kg/m3, sphedc bolling point, and critical parameters

(temperature, pressure, density, and specific

I The critical pressurewas calculated from vapor volume), lt then presentsa modified Benedict.
pressuredata to be 36.74 bar, which yields a
value of 0,269 for the critical compressibility Webb-Rubtn(MBWR) equation of state and an

ideal gas heat capacity equation at constant
factor, _. Measurementtemperatures varied pressure, lt also givesa Martin-Houequationoffrom 298 K (77 °F) to the critical point for the

I state,fit from MBWR data, and a correspondingsaturatedliquid and from 433 K (320 °F) to the ideal gas heat capacity equationat constantva-
critical point for saturatedvapor, por. lt supplies equations to calculate vapor

pressure and density of the saturated liquid.

i L A. Weber (National Institute of Standards and The report provides tabular saturationproper-Technology, NIST), Vapor Pressures and Gas- ties (pressure and liquid and vapor volume,
Phase PVT Data for 1,1-Dlchloro-2,2,2-Trifluoro- density,enthalpy,and entropyas well as latent
ethane, Journal of Chemical and Engineering heat of vapodzation)for -101 to +183 °C (-150Data, American Chemical Society (ACS), volume

I to +362 oF). A set of tables presents volume,35, number 3, pages 237-240, July 1990 (4 pages enthalpy, entropy, heat capacity at constant "
with 2 figuresand 4 tables, RDB0910) pressure, heat capacity ratio (dimensionless

i New data for the and gas-phasePVT surface of Cp/Cv), and velocity of sound data for super-R-123_inthe temperaturerange 338-453 K (149- heated vapor at constant pressurefor 7-3450
356 °F) at densities up to 0.67 mol/L are pre- kPa (1-500 psia). The new tables are based on
sented. The data have been representedana- expedmentaldata from the NationalInstituteof

i lyricallyto demonstratethe precisionand to la- Standards and Technology, NIST). The reportcilitatecalculationof thermodynamicproperties, concludes with a pressure-enthalpydiagram.
DuPont'sproduct names for R-123 are Suva(R)

Genetron(R) 123, technical bulletin 646 (B-525- 123 Refrigerantand Suva(R)Centd-LP Refrtger.

I 646), AIIiedSlgnal Incorporated, Morristown, NJ, ant.February 1993 (4 pages with3 tables, RDB3452)

This bulletinsupplies informationon R-123, de- Thermodynamic Properties of HCFC-123 (2,2-
scdbed as a replacementfor R-123 incentrifugal dichloro-l,l,l-trifluoroethans), technical informa-

l chillers, lt provides data, in tlon report T-123-SI (H-47754), DuPont Chemicals,
physical property

inch-pound (lP) units, including the chemical Wilmington,DE, January 1993 (32 pages with 1 fig-
formula, molecular weight, atmospheric boiling ureand 2 tables,availablefromJMC as RDB3423)

j point, corresponding heat of vaporization, and This report provides thermodynamic propertycritical parameters (temperature, pressure,and data for R-123 in metdc (Sl) unitsof measure, lt
density),flammability,and ozone depletion po- provides physical properties including the
tentlal, lt also Indicatesthe liquid densityand chemical formula, molecular weight, atmo-

I specific heats of the liquid and vapor at 30 °C spheric boiling point, and critical parameters

I please see pages 5-8 for ordering information J
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I
(temperature, pressure, density, and specific heat of vaporization)for -101 to + 122 °C (-150 I
volume). II then presentsa modified Benedict- to +252 °F). A set of tables presents volume,
Webb-Rubin (MBWR) equation of state and an enthalpy, entropy, heat capacity at constant
ideal gas heat capacity equation at constant pressure, heat capacity ratio (dimensionless I
pressure, lt also gives a Martin-Houequationof Cp/Cv), and velocity of sound data for super- B
state,fit from MBWRdata, and a corresponding heated vapor at constant pressurefor 7-3450
ideal gasheat capacity equation at constantva- kPa (1-,500psla). The neontables are based on
por. lt supplies equations to calculate vapor experimentaldata from the National Instituteof I
pressureand densityof the saturatedliquid. Standardsand Technology,NIST).The report I
The report provides tabular saturation proper- concludes with a pressure-enthalpy diagram.
ties (pressure and liquid and vapor volume, DuPont'sproductname for R.124 is Suva(R)124 BI

density,enthalpy, and entropy as well as latent Refrigerant. i
heat of vaporization)for -100 to + 183 °C (-148
to +362 °F). A set of tables presentsvolume, Thermodynamic Properties of HCFC-124 (2-
enthalpy, entropy, heat capacity at constant chloro..1,1,1,2-tetrafluoroethane), technical in- BI
pressure,heat capacityratio(dlmenslonlessformationreportT-124-SI (H47756), DuPont I
CPlCv),and velocityof sound dataforsuper- Chemicals,WIImlngton,DE, January 1993 (32
heated vapor at constant pressurefor 10-3600 pages with 1 figure and 2 tables, available from
kPa (1-520 psia). The new tables are based on JMC as RDB3425) I

experimentaldata from the National Instituteof This report provides thermodynamic property I
Standards and Technology, NIST). The report data for R-124 inmetric(SI) unitsof measure, lt
concludes with a pressure-enthalpydiagram, provides physical properties including the
DuPont's product names for R-123 are Suva(R) chemical formula, molecular weight, atmo- I
123 Refrigerantand Suva(R)Centd-LPRefrtger- spheric boiling point, and critical parameters I

ant. (temperature, pressure, density, and specific
volume), lt then presentsa modified Benedict- I
Webb-Rubin(MBWR) equation of state and an Iideal gas heat capacity equation at constant

R-124 pressure, lt also gives a Martin-Houequationof
state, fit fromMBWR data, and a corresponding I

H. Kubota,Y. Tanaka, T. Makita,H. Kashlwagi,and ideal gas heat capacityequation at constantva- I
M. Noguchi, Thermodynamic Properties of 1- por. lt supplies equations to calculate vapor
Chloro-l,2,2,2-Tetrafluoroethane (R-124), In. pressure and density of the saturated liquid.
ternational Journal of Thermophysics, Plenum The report provides tabular saturation proper- I
PublishingCorporation, Brugge, Belgium, volume ties (pressure and liquid and vapor volume, I
9, pages85-101, 1988 (RDB2332) density, enthalpy,and entropyas well as latent

heat of vaporization)for -100 to +122 °C (-148
Thermodynamic Properties of HCFC-124 (2- to +252 °F). A set of tables presentsvolume, []
chloro-l,l,l,2-tetrafluoroethane), technical enthalpy, entropy, heat capacity at constant I
informationreport T-124-ENG (H-47755), DuPont pressure, heat capacity ratio (dimensionless
Chemicals, Wilmington, DE, January 1993 (36 Cp/Cv), and velocibj of sound data for super-
pages with 1 figure and 2 tables, available from heated vapor at constant pressure for 10-3600 I
JMC as RDB3424) kPa (1-520 psla). The new tables are based on []

experimentaldata from the National Instituteof
This report provides thermodynamic property Standardsand Technology, NIST). The report
data for R-124 in Inch-pound (lP) unitsof mea- concludes with a pressure-enthalpy diagram. I
sure. II provides physical properties Including DuPont'sproductname for R-124 is Suva(R)124 I

the chemical formula, molecular weight, atmo- Refrigerant.
spheric boilingpoint,and critical parameters
(temperature; pressure, density, and specific I
volume). II then presentsa modified Benedict- I
Webb-Rubin(MBWR) equation of state and an
ideal gas heat capacity equation at constant I

pressure, lt also givesa Martin-Houequationof I
state,fitfromMBWR data,and a corresponding Y. Monluc,T.Sagawa,H. Sato,and K. Watanaba []
ideal gas heat capacity equation at constantva- (KeIo University,Japan), Thermodynamic Proper-
por. lt supplies equations to calculate vapor ties of HFC-125, paper B101, Proceedings of the I
pressure and density of the saturated liquid. Twelfth Japan Symposium on Thermophysical IThe report provides tabular saturationproper- Properties, pages 65-68, 1991 (4 pages with 5 fig-
ties (pressure and liquid and vapor volume, ures and l table, RDB2427)
density,enthalpy,and entropyas weil as latent •

I

i
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I This paper reports experimentaldata for R-125, tent. The apparatusand its calibrationwith ar-
includingvapor pressureand PVT propertiesin gon are described.

i the vapor phase. Vapor pressureswere mea-suredfor 303-339 K (86-151 °F) and correlated; M. L Huber and M. O. McLinden(National Institute
the criticalpressure(3.633 MPa, 527.3 psia)also of Standards and Technology, NIST), Thermody.
was determinedbased on a critical temperature namlc Properties of R-134a (1,1,1,2-Tetrafluo-

i previouslydetermined by M. O. McLlnden of roethane, Proceedings of the 1992 International339.4 K (151.3 oF). PVT propertieswere mea- Refrigeration Conference - Energy Efficiency and
sured along five isochores for temperaturesof New Refrigerants, edited by D. R. Tree and J. E.
240-423 K (-27 to 302 °F), pressuresof 1.5-8.6 Braun, Purdue University,West Lafayette, IN, vei-

l MPa (220-1250 psla), and densities of 97-446 ume 2, pages453-462, July 1992 (10 pageswith 4kg/m3 (6-28 Ib/cf). 'Theexperimentalapproach figuresand 9 tables,RDB2828)
and regressionequationare presentedand va-
por pressure measurementsare tabulated and C-C. Piss, H. Sate, and K. Watanabe'(KeloUniver-

I plotted. The PVT propertiesfor the vapor phase sity,Japan), Thermodynamic Charts, Tables, andalso are plotted and compared to other pub- Equations for HFC-134a, Transactions, American
lisheddata. Society of Heating, Refrigerating,and Air-Condi-

tioning Engineers (ASHRAE),Atlanta, GA, volume

I 97, part 2, 1991; republished In Alternative Refrig.erants, technicaldata bulletin7(3), ASHRAE,pages
R-l_14a 28-44, October 1991 (17 pages with 15 figuresand

i 4 tables, RDB2615)R. S. Basu and D. P. Wilson(AllledSignalIncorpo- C-C. Piao, H. Sate, and K. Watanabe (Keio Univer-
rated), Thermophysical Properties of 1,1,1,2- sity, Japan), An Experimental Study for Pv'r
Tetrafluoroethsne (R-134a), International Journal Properties of CFC Alternative Refrigerant

I of Thermophysics, CatherinePress,Umited, Brug-
1,1,1,2-tetrafluoroethane (R-134s), CFC Altema-

ge, Belgium,volume 10, number 3, pages 591-603, tlves, technicaldata bulletln6(I), AmericanSociety
May 1989 (13 pages,RDB0514) of Heetlng, Refdgeratlng,and Alr-CondltlonlngEn-

D gineers (ASHRAE),Atlanta, GA, pages 1-9, JuneR. S. Basu, I. R. Shankland, and R. G. Richard 1990; republishedin Transactions,American Soci-(AIIledSIgnalIncorporated), Thermodynamic and
ety of Heating, Reffigerating,and Air-Conditioning

Transport Propertlea of 1,1,1,2.Tetrafluoro- Engineers,Atlanta,GA, volume 96, 1990 (9 pagesethane (R.134a) -An Alternative CFC Sub=ltute

I with8 figuresand 4 tables,RDB2334)
in Refrigeration and Air Conditioning, presented

paper (AIChE WinterAnnual Meeting, Washing(on, I.R. Shankland, R. S. Basu, and D. P. Wilson
DC, t988), BuffaloResearchLaboratory,AIIiedSig- (AIIiedSignalIncorporated),Thermal Conductivity

I nal Incorporated, Buffalo, NY, November 1988 (26 and Viscosity of I New Stmtoaphedcally Safepages, RDB0515) Refrigerant - 1,1,1,2-Tetrafluoroethane (R-134a),

A. R. H. Goodwinand M. R. Moldover (NationalIn- Status of CFCs - Refrigeration Systems and Refrig-
erant Properties (proceedings of the meetings of

I stitute of Standards and Technology, NIST), Ther- IIR CommissionsBl, B2, El, and E2, Purdue Uni-mophysical Properties of Gaseous Refrigerants versity,WestLafayette,IN), InternationalInstituteof
from Speed of Sound Measurements (Appara. Refrigeration,Pads, France, pages 305-314, July
tus, Model, and Results for 1,1,1,2-tetrafluoro- 1988 (9pages, RDB0516)

I ethane, R-134a), Journalof Chem. Physics,Ameri-can Institute of Physics, volume 93, number 4, L.A. Weber (National Institute of Standards and
pages 2741-2753, 15 August 1990 (13 pages with Technology, NIST), Vapor Pressures and Ges-
10 flguresand4tables, RDB0919) Phase PV'I" Data for 1,1,1,2-Tetmfluoroethane,

I The speed of sound in gaseous R-134a has International Journal of Thermophysics, Plenum
been obtained between 233.16 and 340 K from PublishingCorporation, Brugge, Belgium, volume
measurements of the frequency of the radial 10, number3, pages617-627, May 1989 (12 pages,

i acoustic resonances of a gas-filled spherical RDB0909)cavity. Perfectgas heat capacities and second New data for the vapor pressureand PVT sur-
and third acoustic virialcoefficientsare used to face of R-134a in the temperature range of 40-
estimate the densityvirial coefficientsB(T) and 150 °C (104-302 °F) are presented. The PVT

i C(T) and an effectivesquare-wellpotential. The data are for the gas phase at densities up toestimates of B(T) are consistentwith B(T) de- one-half critical. Densitiesof the saturatedva-
duced from high-quality equation-of-statemea- per are derived at five temperaturesfrom the
surements;those for C(T) are slightly inconsis- intersectionsof the experimentalisochoreswith

| ,
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i
the vapor pressure curve. The data are repre- the chemical formula, molecular weight, atmo-
sented analyticallyIn order to demonstrate ex- spheric boiling point, and critical parameters
pertmentalprecisionand to facilitate calculation (temperature, pressure, density, and specific
of thermodynamicproperties, volume), lt then presentsa modified Benedict. BN

Webb-Rubin(MBWR) equation of state and an II
D. P. Wilsonand R. S. Basu (AIIledSIgnalIncorpo- ideal gas heat capacity equation at constant
rated), Thermodynamic Properties of • New pressure, lt also givesa Martln-Houequation of
Stratoepherlcally Safe Working Fluid - R-134a, state,fit from MBWRdata, and a corresponding i
ASHRAE Special Publication, CFCs: Time of Tran. ideal gas heat capacity equationat constantva- II
sition, American Society of Heating, Refdgerating, per. lt supplies equations to calculate vapor
and Air.ConditioningEngineers(ASHRAE),Atlanta, pressure and density of the saturated liquid. i
GA,pages 104rf, 1989 (RDB2236) The report provides tabular saturation proper- i

ties (pressure and liquid and vapor volume, []
M-S. Zhu, L-Z. Hen, Y-D. Fu, J. Wu, and C-X. Lu density,enthalpy,and entropyas well as I&tent
(Tsinghua University, China), Research on Pv'r heat of vaporization)for -101 to +101 °C (-150 []
Properties, Vapor Pressure, and Surface Ten- to +213 °F). A set of tables presentsvolume, I
sion of HFC-134a, Proceedings of the 1992 Inter. enthalpy, entropy, heat capacity at constant
national Refrigeration Conference - Energy Effi- pressure, heat capacity ratio (dimensionless
ciency and New Refrigerants, edited by D. R. Tree Cp/Cv), and velocityof sound data for super- BN
and J. E. Braun,Purdue University,West Lafayette, heated vapor at constant pressure for 7-3800 !1
IN, volume 2, pages 499-509, July 1992 (11 pages kPa (1-550 psia). The new tables are based on
with5 figuresand 8 tables,RDB2833) experimentaldata from the National Instituteof

Standards and Technology, NIST). The report BI
Genetron(R) 134a, technical bulletin 645 (B-525- concludes with a pressure-enthalpydiagram. II
645), AIIiedSignal Incorporated, Morristown, NJ, DuPont'sproduct namesfor R.1;_4aare Sure(R)
February 1993 (4 pages with 3 tables,RDB3453) 134a Refrigerant,Sure(R)Cold-MP Refrigerant,

This bulletinsuppliesInformationon R-134a,de- Suva(R)Trans-AC Refrigerant,Formacel(R)Z-4 I
scribedas a replacementfor R.12 in automobile BlowingAgent, Dymel(R) l_aa Aerosol Propel- I

air conditioning; residential,commercial and in- lent,and Dymel(R)134a/P AerosolPropellant.
dustrial refrigeration;and In certain centrifugal mB

Thermodymimic Properties of HFC-134i
chillerapplications, lt provides physical prop- (1,1,1,2-tetnifluoroethane), technical Information !1
erty data, in inch-pound (lP) units, Includingthe
chemical formula, molecular weight, atmo- report T.134a-SI (H-47752), DuPont Chemicals,

Wilmington,DE, January1993 (36 I_lges with 1 fig-
sphericboiling point, correspondingheat of va- IIporization,and critical parameters(temperature, ure and 2 tables, availablefrom JMC as RDB3427) II
pressure, and density),flamrnablllty,and ozone This report provides thermodynamic property
depletion potential, lt also indicatesthe liquid data for R-134a in metric (SI) unitsof measure.
density and specific heatsof the liquidand va- lt provides physical properties Including the ml
por at 30 °C (86 °F). lt then presentsa tabular chemical formula, molecular weight, atmo- II
comparison of performancefor R-12, R-22, and spheric boiling point, and critical parameters
R-134a. The report providestabularthermody- (temperature, pressure, density, and specific
namic properties (pressure,density, vapor vol- volume), lt then presentsa modified Benedict-
ume, liquid and vapor enthalpy and entropy, Webb-Rubln(MBWR) equation of state and an II
and latent heat of vaporization)for -29 to 71 °C ideal gas heat capacity equation at constant
(-20 to 160 °F). Formulaeare provided to cal- pressure, lt also givesa Martin-Houequationof I

culate thermodynamic properties Includingva- state,fit from MBWRdata, and a corresponding IN
per pressure,liquiddensity, and Ideal gas heat idealgas heat capacity equation at constantva. []
capacity correlations. Coefficients are pre- per. lt supplies equations to calculate vapor
sented for a Martln-Houequation of state. AI- pressure and density of the saturated liquid, m
lledSignal's product name for R-134a Is Gen- The report provides tabular saturationproper- Ietron(R)134a. ties (pressure and Uquid and vapor volume,

density,enthalpy,and entropyas well as latent
Thermodynamic Properties of HFC.134a heat of vaporization)for -100 to + 101 °C (-148 IN
(1,1,1,2-tetrafluoroathane), technical information to +213 °F). A set of tables presents volume, II
report T-134a-ENG (H-47751), DuPont Chemicals, enthalpy, entropy, heat capacity at constant
Wilmington,DE, January 1993 (36 pages with 1 fig- pressure, heat capacity ratio (dimensionless
ure and 2 tables, availablefromJMC as RDB3426) Cp/Cv), and velocity of sound data for super- []

This report provides thermodynamic property heated vapor at constantpressurefor 10-4000 II
data for R.134a inInch-pound (lP) units of mea- kPa (1-580 psia). The new tables are based on
sure. lt provides physical propertiesIncluding experimentaldata from the National Institute of

!
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I Standards and Technology, NIST). The report
concludes with a pressure-enthalpydiagram.
DuPont'sproduct names for R-134a are Suva(R) N.D. Smith, Thermophysical Properties of HFC-

I 134a Refrigerant,Suva(R)Cold-MP Refrigerant, 245ca, EnvironmentalResearch Bdef EPA-6OO/S-
Suva(R)Trans-AC Refdgerant, Formacel(R)Z-4 92-038, U.S. Environmental Protection Agency
BlowingAgent, Dymel(R)134a Aerosol Propel. (EPA),ResearchTrianglePark, NC, August1992 (4

i lant,and Dymel(R)134a/P AerosolPropellant. pages with 5 tables, availablefrom JMC as RDB-3402)

This synopsissummarizespropertiesof R-245ca
(1,1,2,2,3-pantafluoropropane),a potentialalter-

I R-141b native for R-11 and R-123. lt notes that thethermophyslcalproperties of the fluids closely
A. R. H. Goodwin and M. R. Moldover (National In- match, and that modelling Indicatesacceptable

i stituteof Standards and Technology, NIST), Thor- performance. The efficiencyof R-245ca is indi-
mophysical Properties of Gaseous Refrigerants cated as 3-4% less than R.11 and 1.2% less
from Speed of Sound Measurements: II. Results than R-123. Tables, in both inch-pound(lP) and
for 1,1-dichloro-l.fluoroethane (CCl2FCH3), metric(SI) unitsprovide the melting and boiling

i Journal of Chem. Physics, American Ins_ute of points, critical properties, heat of vaporization,Physics,volume 95, number 7, pages5230-5235, 1 and liquid heat capacity. Measured liquid den-
October 1991 (6 pages with5 figuresand 4 tables, sitlesare given at sixtemperaturesfrom 22-140
RDB3105) °C (72-284 °F) and vapor pressuresfor -39 to 26

I R.141b °C (-38 to 78 °F). Calculated liquid and vapordensityas well as vapor pressure and heat of
vaporizationare tabulated for 5-178 °C (41-353
°F) and the equations used are provided. The

I ideal gas heat capacity is similarlyprovided forR-236ea 27-327 °C (80-620 °F). The methods used and
estimatedaccuracyare indicated.

N. D. Smith, Thermophysical Properties of HFC-

I 236ea, EnvironmentalResearchBdef EPA-600/S-92-066, U.S. Environmental Protection Agency
(EPA), Research TrianglePark, NC, October 1992
(5 pages with 5 tables, availablefromJMC as RDB- R-245cb

I R.L. Shank (UnionCarbide Corporation),Thermo-
3403)

This synopsissummarizespropertiesof R-236ea dynamic Properties of 1,1,1,2,2-Pentafluoro-
(1,1,1,2,3,3-hexafluoropropane),a potential al- propane (Refrigerant 24fr,cb), Journal of Chemical

I tenlative for R-114. lt notes that the thermo- and Engineering Data, Amedcan ChemicalSocietyphysicalproperties of the fluids closely match, (ACS), volume 12, number 4, pages 474-480, Oc-
and that modelling indicatesacceptable perfor- tober 1967 (7 pages with 4 figures and 5 tables,
mance. The efficiencyof R-236ea is indicated RDB2506)

I as within 1% of that of R-114. Tables, in bothinch-pound (lP) and metric(SI) unitsprovidethe Thermodynamic properties are presented for
freezing and boiling points, critical properties, the saturatedliquid and vapor of R-245cb from
heat of vaporization, and liquid specificheat ca- -40 =C (-40 °F) to the critical temperature,

I pactty. Measured liquid densitiesare given at 106.96 °C (224.52 °F); a pressure-enthalpydia-eighttemperaturesfrom 2-95 °C (35-202 °F) and gram is included. The criticalproperties,coeffl-
vapor preuures for -14 to +141 °C (8-286 oF). clents for a Benedlct-Webb-Rubin(BWR) equa-
Calculated Ik:luidand vapor density as well as tionof state,a vapor-pressureequation,a liquid-

I heat of vaporization are tabulated for -14 to density equation,and a heat-capacityequation+141 °C (8-286 °F) and the equationsused are are given. Data also are provided for the super-
provided. The ideal gas heat capacity is simi- heatedvapor from the saturationtemperatureto

i lady provided for 27-327 °C (80-620 °F). The 371 °C (700 °F). The properties listed are vol-methods used and estimatedaccuracy are indi- ume, enthalpy, entropy, heat capacity at con-
cated, stant pressure,and heat capacity ratioas func-

tions of temperatureand pressure. Pressure-

i volume isothermsare plottedfor both the high-
density and critical regions. These properties
were calculated from measuredvolumetflcand
spectraldata; the experimentalproceduresand

i calculationsare described.

- fII please see pages 5-8 for ordering information
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II
Thermodynamlc Properties of Suva(R) MP52

R-401 Refrlgerant [R-401 (33/IS/S2)], technical Infor-

Thermodynmmlc Properties of Suwi(R) MP39 matlon report T.MP52-ENG (H-47769), DuPont
(53/13/34)], technical infor- Chemicals, Wilmington, DE, February 1993 (28 IRefrigerant [R-401

mation report T.MP39--ENG (H-47764), DuPont pages with 1 figure and 2 tables, available from
Chemicals, Wilmington, DE, January 1993 (28 JMCasRDB3428)
pages with 1 figure and 2 tabl6o, available from This report provides thermodynamic property II
JMC as RDB3430) data for R-401 (33/15/52), a blend of R-22, R- ii

This report provides thermodynamic property 152a, and R-124 (R-22/152a/124), In inch-
data for R-401 (53/13/34), a blend of R-22, R- pound (lP) unitsof measure, lt providesphysl-
152a, and R-124 (R-22/152a/124), in inch- cal properties including the chemical formula, I
pound (lP) units of measure, lt providesphysl- molecular weight, atmospheric boiling point, m
cal properties includingthe chemical formula, and criticalparameters (temperature,pressure,
molecular weight, atmospheric boiling point, density,and specificvolume), ltthen presentsa

critical parameters (temperature, pressure, Peng-Robinson-Stryjek-Vera(PRSV)equation of Iand
state anclan ideal gas heat capacity equationatdensity,and specificvolume), ltthen presentsa

Bl

Peng.Robtnson-Stryjek-Vera(PRSV)equationof constantpressure, lt also suppliesequationsto
state and an idealgas heat capacity equation at calculatevapor pressureand densityof the sat- •
constantpressure, lt also suppliesequationsto urated liquid. The report provides tabular satu- II
calculatevapor pressureand densityof the sat- ration properties (liquid and vapor pressure,
urated liquid. The report provides tabular satu- volume, density,enthalpy,and entropyas well
ration properties (liquid and vapor pressure, as latent heat of vaporization)for .101 to +104 li
volume,density/,enthalpy,and entropyas well °C (-150 to +220 °F). A set of tables presents
as latentheatof vaporization)for -101 to +99 °C volume, enthalpy,and entropy data for super-

B

(-150 to +211 °F). A set of tables presentsvol- heated vapor at constant pressure for 7-3800
ume, enthalpy, and entropy data for super- kPa (1-550 psia). The report concludes with a li
heated vapor at constant pressure for 7-3800 pressure-enthalpydiagram. DuPont's product
kPa (1-550 psla). The report concludeswith a name for R-401 (33/15/52)is Suva(R)MP52.
pressure-enthalpydiagram. DuPont's product
namefor R-401 (53/13/34) is Suva(R)MP39. Thermodynamic Properties of Suva(R) MP52 IRefrigerant [R-401 (33/15/52)], technical lnfor-

Thermodynamic Propertles of Suva(R) MP39 mation report T-MP52-SI (H-47770), DuPont
BI

Refrigerant [R-401 (53/13/34)], technical infor- Chemicals, Wilmington, DE, February 1993 (24

mation report T-MP39-SI (HA7765), DuPont pages with 1 figure and 2 tables, available from IChemicals, Wilmington, DE, January 1993 (24 JMCasRDB3429)
pages with 1 figure and 2 tables, available from This report provides thermodynamic property
JMC as RDB3431) data for R-401 (33/15/52), a blend of R-22, R- m

This report provides thermodynamic property 152a, and R-124 (R-22/152a/124), in metdc (SI) I
data for R-401 (53/13/34), a blend of R-22, R- units of measure, lt provides physicalproper-
152a,and R-124 (R-22/152a/124), inmetric (SI) ties includingthe chemical formula, molecular
units of measure, lt provides physicalproper- weight, atmospheric boiling point, and critical I
ties includingthe chemical formula, molecular parameters(temperature,pressure,density,and
weight, atmospheric boiling point, and critical specific volume), lt then presents a Peng-
parameters(temperature,pressure,density,and Robinson-Stryjek-Vera(PRSV) equationof state
specific volume), lt then presents a Peng- and an idealgas heat capacityequationat con- I
Robinson-Stryjek-Vera(PRSV)equation of state stant pressure, lt also supplies equations to
and an ideal gas heat capacityequationat con- calculatevapor pressureand density of the sat-

Bl

stant pressure, lt also supplies equations to urated liquid. The report provides tabular satu-
calculatevapor pressureand density of the sat- ration properties (liquid and vapor pressure, I
urated liquid. The report provides tabularsatu- volume, density,enthalpy,and entropy as well EEl

ration properties (liquid and vapor pressure, as latentheat of vaporization)for -100 to +104
volume, density,enthalpy, and entropy as well °C (-148 to +220 °F). A set of tables presents

99 0 C volume, enthalpy, and entropy data for lm
as I_tent heat of vaporization) for -100 to + super- Bl
(-148 to +210 °F). A set of tables presentsvol- heated vapor at constantpressurefor 10-4000
ume, enthalpy, and entropy data for super- kPa (1-580 psia). The report concludes with a

heated vapor at constant pressure for 10-3800 pressure-enthalpydiagram. DuPont's product BI
kPa (1-550 psia). The report concludes with a name for R-401 (33/15/52) is Suva(R)MP52.
pressure-enthalpydiagram. DuPont's product

namefor R-401 (53/13/34) isSuva(R)MP39. I Thermodynamic Propel'tlell of SUVi(R) MP66Refrigerant [R-401 (61/11/28)], technical infor- !
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I mation report T-MP66-ENG (H-47759), DuPont _-402
Chemicals, Wilmington, DE, January 1993 (24
pages with 1 figure and 2 tables, available from Thermodynamic Pro;,,ertlel of Suva(R) HP$O Re-

I JMC as RDB3432) frigerant [R-402 (60/2/18)], technical information
This report provides thermodynamic property reportT-HP80-ENG (H-4+"z66),DuPont Chemicals,
data for R-401 (61/11/28), a blend of R-22, R- Wilmington,DE, January 1993 (24 pages with 1 fig.

I 152a, and R-124 (R.22/152a/124), In inch- ure and2 tables,availablefrom JMC as RDB3436)pound (lP) unitsof measure, lt provides physi- This report provides thermodynamic property
cal properties Includingthe chemical formula, data for R-402 (60/2/38), a blend of R-125, R.
molecular weight, atmosphedc boiling point, 290, and R-22 (R-125/290/22), in inch-pound

I and criticalparameters (temperature,pressure, (lP) units of measure, lt provides physicaldensity,and specificvolume), lt thenpresentsa properties including the chemical formula,
Peng-Robinson-Stryjek-Vera(PRSV)equationof molecular weight, atmospheric boiling point,
stateand an ideal gas heat capacity equationat and criticalparameters (temperature, pressure,

I constantpressure, lt also suppliesequationsto density,and specificvolume), lt then presentsacalculatevapor pressureand densityof the sat- Peng-Robinson-Stryjek-Vera(PRSV)equationof
urated liquid. The report providestabular satu- state and an ideal gas heat capacity equationat
ration properties (liquid and vapor pressure, constant pressure, lt also suppliesequationsto

I volume, density, enthalpy,and entropyas well calculate vapor pressureand densityof the sat-as latentheat of vaporization)for .101 to +97 °C urated liquid. The report provides tabular satu-
(-150 to +207 °F). A set of tables presentsvol. ration properties Oiquid and vapor pressure,

i ume, enthalpy, and entropy data for super- volume, density, enthalpy, and entropyas well
heated vapor at constant pressure for 7-3800 as latentheat of vaporization)for-101 to +68 °C
kPa (1-550 psia). The report concludeswith a (-150 to +154°F)_ A set of tables presentsvol-
pressure-enthalpydiagram. DuPont's product ume, enthalpy, and entropy data for super-

i namefor R-401 (61/11/28) is Suva(R)MP66. heated vapor at constant pressure for 7-3800kPa (1-550 psia). The report concludes with a
Thermodynamic Properties of Suva(R) MP66 pressure-enthalpydiagram. DuPont's product
Refrigerant [R-401 (61/11/28)], technical infor- name for R-402 (60/2/38) Is Suva(R)HP80.

I mation report T-MP66-SI (H-47760), DuPontChemicals, Wilmington, DE, January 1993 (24 Thermodynamic Properties of Sure(R) HP80 Re-
pages with 1 figure and 2 tables, available from frigerant [R-402 (60/2/38)], technical information
JMC as RDB3433) report T-HP80-SI (H-47767), DuPont Chemicals,

I This report provides thermodynamic property Wilmington, DE, January1993 (24 pages with 1 fig-data for R-401 (61/11/28), a blend of R-22, R- ureand 2 tables,availablefromJMC as RDB34.37)
152a, and R-124 (R-22/152a/124), in metric(SI) This report provides thermodynamic property

i units of measure, lt provides physicalproper- data for R-402 (60/2/38), a blend of R-125, R-
ties including the chemical formula, molecular 290, and R-22 (R-125/290/22), in metric (SI)
weight, atmospheric boiling point, and critical unitsof measure, lt providesphysicalproper-
parameters(temperature,pressure,density,and ties including the chemical formula, molecular

I specific volume), lt then presents a Peng- weight, atmospheric boiling point, and criticalRobinson-Stryjek-Vera(PRSV) equationof state parameters(temperature,pressure,density,and
and an ideal gas heat capacity equationat con- specific volume), lt thenpresents a Peng-
stant pressure, lt also suppliesequations to Robinson-Stryjek-Vera(PRSV)equation of state

I calculatevapor pressureand density of the sat- and an idealgas heat capacity equation at con-urated ,quid. The report providestabular satu- stant pressure, lt also supplies equations to
ration properties (liquid and vapor pressure, calculatevapor pressureand densityof the sat-
volume, density,enthalpy, and entropyas well urated liquid. The report provides tabular satu-

I as latentheat of vaporization)for -100to +97 °C ration properties (liquid and vapor pressure,(-148 to +207 "F). A set of tables presentsvol- volume, density,enthalpy, and entropyas well
ume, enthalpy, and entropy data for super- as latentheatof vaporization)for -100to +68 °C
heated vapor at constant pressurefor 10-4000 (-148 to + 154 °F). A set of tables presentsvol-

I kPa (1-580 psia). The report concludes with a ume, enthalpy, and entropy data for super-pressure-enthalpydiagram. DuPont's product heated vapor at constant pressure for 10-4000
namefor R-401 (61/11/28) is Suva(R)MP66. kPa (1-580 psia). The report concludeswith a

i pressure-enthalpydiagram. DuPont's product
namefor R-402 (60/2/38) Is Suva(R)HPSO.

I Thermodynamic Properties of SUVlI(R)HP81 Re-frigerant [R-402 (38/2/60)], technical informationI
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roport T-HP81-ENG (H-47757), DuPont Chemicals, Uquid Densities, Saturated Liquid Densities, I
Wilmington,DE, January 1993 (24 pages with 1 fig- and Saturation Pressures of Mixtures: Difluoro-
ure and 2 tables,availablefromJMC as RDB3434) methane + 1,1,1,2-Tetrafluoroethane, Difluoro-

This report provides thermodynamic property methane + 1,1-Dlfluoroethane, Proceedings of idata for R-402 (38/2/60), a blend of R-125, R- the 1992 International Refrigeration Conference -
290, and R-22 (R-125/290/22), In Inch-pound Energy Efficiency and New Refrigerants, edited by
(lP) units of measure, lt provides physical D.R. Tree and J. E. Braun, Purdue University,West

Lafayette, IN, volume 2, pages 473-478, July 1992 i
properties including the chemical formula, (6 pages with 8 figures,RDB2830)molecular weight, atmospheric boiling point, i

and critical parameters (temperature, pressure, R-32/R-134a, R-32/R-152a
density,and specificvolume), lt then presentsa i
Peng-Robinson-Stryjek-Vera(PRSV)equation of II
state and an Idealgas heat capacity equation at

constantpressure, lt also suppliesequationsto R-502
calculate vapor pressureand densityof the sat- i
urated liquid. The report providestabular satu- U
ration properties (liquid and vapor pressure, Thermophyslcal Properties of Refrigerants (R-
volume, density, enthalpy,and entropyas well 502, Azeotrope of R-22 and R-115), JapaneseAs-
as latent heat of vaporization)for -101 to +75 °C soclationof Refrigeration,Tokyo, Japan, November i
(-150 to + 167 °F). A set of tables presentsvol- 1986 (164 pages with 21 figures and 44 tables In
ume, enthalpy, and entropy data for super- both Japaneseand English,RDB0405)

BB

heated vapor at constant pressure for 7-3800 This comprehensivevolume summarizescrttl- i

kPa (1-550 psia). The report concludes with a cal, thermodynamic,transport, physical,cheml- i
pressure-enthalpydiagram. DuPont's product cal, compat!bility,and otherdata availableon R- B
name for R-402 (38/2/60) IsSuva(R)HP81. 502, an azeotrope comprising48.8% R-22 and

51.2% R-115 by weight. Included are tabular l
Thermodynamic Properties of SUVa(R)HP81 Re- data and/or plotsfor PVT properties,enthalpy, |frigerant [R-402 (38/2/60)], technical information entropy, isobadc and Isochoric specdic heat
report T-HP81-SI (H-47758), DuPont Chemicals, capacity, specific heat ratio, Isentropicexpan-
Wilmington, DE, January 1993 (20 pageswtth 1 fig- sion exponent,speed of sound,surfacetension, i
ure and 2 tables,availablefromJMC as RDB3435) viscosity,kinematicviscosity, thermal conduc. I

This report provides thermodynamic property tivity, thermal diffusivity,Prandtl number, solu-
data for R-402 (38/2/60), a blend of R-125, R- bility, ref;active Index, and dielectric _onstant. L*

290, and R-22 (R-125/290/22), in metric (Sl) An extended Benedict-Webb-Rubin (BWR) I
units of measure, lt provides physical proper- equationof stateis presented and compared to m
ties including the chemical formula, molecular other equations and data. Relationsalso are
weight, atmospheric boiling point, and critical presentedfor key equilibriumproperties. Data

parameters (temperature,pressure,density,and are tabulated for the solubilityof water in R-502 I
specific volume), lt then presents a Peng- and of R-502 in alkylbenzenelubricant. Umited
Robinson-Stryjek-Vera(PRSV) equation of state data are providedon the stabilityof R-502 in the
and an idealgas heat capacity equation at con- presenceof metalsand otl and on linear swellfor neoprene GN, Buna(l"M) i
stant pressure, lt also supplies equations to N, natural rubber, i
calculate vapor pressureand densityof the sat- GR-I, GR-S, and polysulftderubber. Published
urated liquid. The report provides tabular satu- safety data, includingtoxicity and flPmmabllity,

ration properties (liquid and vapor pressure, are summarized. The volume containsan ex- i
volume, density,enthalpy, and entropy as well tensivelistof referencesas well as discussionof
as latentheat of vaporization)for -100to +74 °C the ranges and differences among property

I
(-148 to +165 °F). A set of tables presentsvol- sourcesidentified. An introductorysection out-

lines conversionsamong several metdc sys-
ume, enthalpy, and entropy data for super- i
heated vapor at constant pressurefor 10-4000 terns, including SI, and inch-pound units. An
kPa (1-580 psla). The report concludes with a appendixaddressescompliancewiththeJapan-

II

pressure-enthalpy diagram. DuPont's product ese Industrial Standards (JIS), noting that the
name for R-402 (38/2/60) Is Suva(R)HP81 quality of R-502 is not covered; JIS K1528-1982 l• requirementsfor the qualityof R-22 are summa-

rized.

Other Zeotrooes I

D R. Deflbaugh and G. Morrison(NationalInstitute
of Standardsand Technology, NIST), Compressed in

I

IBIIII

I



U Rofrlgerant Ogrllabaam Page 51

n Other Azeotrooe= provided to calculate thermodyr_mlcproperties
- including vapor pressure, liquid density, and

P. B. Logsdon, E. A. E. Lund, I. R. Shankland,and ideal gas heat capacity correlations. A Martin-

I R.R. Singh (AIIiedSignalIncorporated),Properties Hou equation of state also is presented. AI-of e Zero ODP Azeotropi¢ Refrigerant Blend, liedSignal'sproduct name for R-125/143a is Ge-
HFC-125/HFC-143a, Proceedings of the /nterna- netron(R)AZ-50.
tiona/ CFC and Ha/on Alternatives Conference

I (Washington, DC), Alliance for Responsible CFC R-32/125 Azeotrol)e, technical data sheet 525-Policy,Adinglon,VA, pages47-54, September1992 643, AllledSignal Incorporated, Mordstown, NJ,
(10 pageswith 1 figureand 7 tables, RDB2A02) April1991 (2 pages with 1 figureand 2 tables,RDB-

3220)

I Genetron(R) AZ-20, This data sheet provides information on a
technical bulletin525-652, Al-

IiedSignal Incorporated, Morristown,NJ, January patented azeotropicblend, R-32/125 (60/40). lt
1993 (4 pageswith 3 tables, RDB3219) provides physical property data, in inch-pound

I This bulletin describes a patented azeotropic (lP) units, Including the chemical formula,blend of R-32 and R-125, specificallyR-32/125 m_ecular weight, atmospheric boiling point,
(60/40), designed to replace R-22 in residential correspondingheat of vaporization,and critical
air-cond,it,oning systems, lt provides physical parameters (temperature, pressure, and den-

I properbj,data, in inch-pound(lP) units, Including sity), flammability,and ozone depletion poten-the chemical formula, molecularweight, atmo- tial. lt also indicatesthe liquid densityand spe-
spheric boilingpoint, correspondingheat of va- cificheats of the liquidand vapor at 26.7 °C (80

I porization,and critical parameters(temperature, °F). lt then presents a tabular comparison ofpressure,and c_ensity),flammability,and ozone performancewith R-22, R-32, R-125,and R-502.
depletion potential, lt also indicates the liquid The document providesa vapor pressurechart
density and specie:,heats of the liquid and va- for the blend for -40 to +49 (-40 to + 120 oF).

n por at 26.7 °c (80 oF). lt then presentsa tabular AIIiedSignars product name for R-32/125comparisonof performancewith R-22, R-32, R- (60/40) is Genetron(R)AZ-20.
125, and R-502. The report provides tabJlar
thermodynamic properties (pressure, liquid R-32/125 Azeotrope, technical data sheet 525-

I density, vapor volume, liquid and vapor en- 658, AIIiedSignal Incorporated, Morristown, NJ,thalpyand entropy,and latentheat of vaporize- July 1991 (1 page with 1 figure,RDB3221)
tion) for -29 to +71 °C (-20 to +160 OF). For- This data sheet provides a pressure-enthalpy
mulae are provided to calculate thermodynamic diagram for a patented azeotropic blend, R-

I properties includingvapor pressure,liquid den- 32/125 (60/40) in inch-pound (lP) units. AI-sity,and idealgas heat capacity correlations.A liedSignal'sproduct name for R-32/125 (60/40)
Martin-Hou equation of state also is presented, isGenetron(R)AZ-20.
AlliedSignal's product name for R-32/125

I (60/40) ts Genetron(R)AZ-20.
G_netron(R) AZ-50, technical bulletin 525-651, Ai.
IiedSignal Incorporated, Morristown, NJ, January Ethers

I 1993 (4 pages with 3 tables, RDB3222) D.R. Defibaugh, K. A. Gillls, M. R. Moldover, G.
This bulletindescribesan azeotropicblend of R. Morrison,and J. W. Schmidt (National Institute of
125 and R-143a, specifically R-125/143a, de- Standards and Technology, NIST), Thermody-

I signed to replace R-502 in low-temperature namic Properties of CHF2-O-CHF:p Bi=(difluoro-commercial refrigerationapplications, lt pro- methyl) Ether, Fluid Phase Equflibr:a, ElsevierSci-
vides physicalproperty data, In inch-pound(lP) ence PublishersB.V.,Amsterdam,TheNetherlands,
units, includingthe chemicalformula, molecular volume81, pages 265-305, 1992 (21 pages, RDB-

I weight, _trnosphedc boiling point, correspond-
3327)

ing heat of vaporization,and critic¢l parameters
(temperature, pressure, and density), flamma- This paper reports on measurementsand data
bility,and ozone depletion potential, lt also in- reduction to provide thermodynamic property

I dicates the liquiddensity and specific heats of data for E-134, a candidate Nternativerefriger-the liquid and vapor at 26.7 °C (80 °F). lt then ant. lt summarizesmeasurementsof the refrac-
presentsa tabular comparisGnof performance ttve index of the saturated liquid and vapor as
with R-22 and R-502. The report providestabu- well as the sr,'_,.edof sound of the dilutevapor.

I den- Thesemeasu-smentsprovidethe normalboiling
lar thermodynamic properties (pressure,
sity, vapor volume, liquid and vapor enthalpy point, critical parameters (temperature, pres-
and entropy, and latent heat of vaporization)for sure,and density),and Ideal gas heat capacity.

I _ to +71 °C (-40 to +160 °F). Formulae are Vapor pressure measurements using a high-

I i please see pages 5-8 for ordering information I
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pressure ebulliometerare tabulated; the appa- agents, and cleaning agents based on their !
ratus is depicted in a figure. Refractive Index, physicaland chemical similarityto present re-
speed-of-sound, results of acoustic isotherms, frigerants. Equationsare presented for deter-
liquiddensity,and saturationdata are tabulated; ruination of these properties. Vapor-phase IU
deviationswith other measurements and data nonidealitles were measured for each com- B
fits are plotted. Coefficientsof a Ca_nahan-Star- pound, but only for samplesof high vapor den-
ling-DeSantis (CSD) equation of state and a stty. Apparatus calibrationswere verified with i

polynomial representationof the Ideal gas heat measurementsfor R-11and R-22. IB
capacityare derived and presented. Th9 paper m
notesthat samples of E-134 with impuritieswere
found to be unstable during laboratory mea- i
surements, lt also notesthat an azeotropeof E-

l134 and R-143a was discovered during the in- R-717 (Arnmonla)
vestigation. Samples of E-134were found to be L Haar and J. S. Gallagher, Thermodynamic

soluble in several elastomersused in the mea- Properties of Ammonia, Journal of Physical Isurementapparatus. Chemistry Reference Data, volume 7, number 3, lbl

N. D. Smith, Thermophysical Properties of HFE- pages635 rf, 1978 (RDB3237)
125, EnvironmentalResearch Brief EPA-600/S-93- IB
001, U.S. EnvironmentalProtection Agency (EPA), II
Research Triangle Park, NC, February 1993 (4
pages with 4 tables, availablefrom JMC as RDB- R-717/,R-718 (Ammonia/Water)

3404) I
This synopsis summarizes propertiesof E-125 N.C. Goomer et al, Ammonia-Water Systems:
(pentafluorodlmethylether), a potential al- Part !, Thermodynamic Properties, Bhabha

ternative refrigerant for low-temperatureappli- Atomic Research Center, Bombay, India, 1980 BBcations. Tables, in both inch-pound (lP) and (RDB3235) II
metric (SI) units providethe freezingand boii!ng R-717,ammonia, absorption
points, critical properties, heat of vaporlzation,
and liquid specificheat capacity. Measured IJq- P.C. Jain and G. K. Gable, Equilibrium Property lib
ujd densities are given at eight temperature,s Data Equations for Aqua-Ammonia Mixtures, I
from 10-61 °C (50-142 °F) and vapor pressures paper 2180, Transactions, American Society of
for -104 to 81 °C (-156 to 177 °F). Calculated Heating, Refrigerating,and Air-ConditioningEngi-
liquidand vapor density as well as heat of va- neers, Atlanta,GA, volume 77, part 1, 1971 (RDB- BB
porizationare tabulated for -55 to 81 °C (-66 to 3233) I!
177 °F) and the equations used are provided. R-717, ammonia,absorption
The methodsused and estimatedaccuracy are mn
indicated. R. A. Macriss,B. E. Eakin, R. T. EIIington,and J. li

B-H. Wang, J. I.. Adcock, S. B. Mathur, and W.A. Huebler, Physical and Thermodynamic Proper-
m

Van Hook (Universityof Tennessee), Vapor Pre_. ties of Ammonia-Water Mixtures, research bul-

sures, Liquid Molar Volumes, Vapor Non-ldeali- letin 34, Institute of Gas Technology (IGT), Ities, and Critical Properties of Some Fluorinated Chicago, IL, 1964 (RDB3232)
Ethers: CF_OCF2OCF3, CF,=OCF2CF2H, c- R-717,ammonia,absorption

CF2CF2CF20 ,CF_OCF2H, and CF3OCH_; and of ii
CCI3F and CF2ClH, Journal of Chem. Tl_ermody. Y.M. Park (A-Jog University, Korea) and R. E. IInamlcs, AcademicPressLimited, volume23, pages Sonntag(Universityof Michigan),Thermodynamic
699-710, December 1991 (12 pages with 8 tables, Properties of Ammonia-Water Mixtures: A Gen.-
RDB2505) eralized Equation-of-State Approach, paper 3319, ii

Vapor pressures, compressibilities,expansivt- Transactions, American Society of Heating, Refrig- II
ties, and molar volumes of the liquidphaseare erating, and Air-Conditioning Engineers, Atlanta,
presented, based on measurements between GA, volume 96, part 1, 1990 (10 pages with 9 fig-

and the critical temperature, uresand 3 tables,RDB3227) BBroom temperature
for a series of fluorinated ethers. Critical R-717,ammonia,absorption !1
temperatures and pressuresand approximate
melting and boiling temperaturesare tabulated E.P. Pedman,Vapor Pressure of Aqueous Am-

2-hydryI-F-ethyl monia Solution, Part I, Journal of lhe Chemical Ifor perfluorodimethoxymethane,
F-methyl ether, F-oxetane, and pentafluo- Society, volume79, pages718rf, 1901 (RDB3228) BB

rodimethylether. These ethers are under inves- R-717,ammonia,absorption

tigation as potential refrigerants, blowing I
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I E. P: Pedman, V|por Pressure of Aqueous Am- D. Arnaud, L. Niveau, and S. Wosinski(Atochem
monk= Solution, Part I!, Journal of the Chemical Groups Elf Aquitaine), Coml_d=on of Thermo-
Society, volume81, 1903 (RDB3229) physical Properties of HFC 125, 32, tnd 143a,

I Proceedings of the 1992International Refrigeration
R-717, ammonia, absorption

Conference - Energy Efficiency and New Refriger.
G. Scratchardet al, Thermodynamic Properties - ants, edited by D. R. Tree and J. E. Braun,Purdue

I Saturated Liquid and Vapor of Ammonia-Water University,West Lafayette, IN, volume 2, pagesMixtures, Refrigerating Engineering, AmericanSo- 375-383, July 1992 (9 pages with 4 figures and 4
ciety of Refrigerating Engineers (ASRE, now tables,availablefromJMC as RDB2820)
merged into the American Society of Heating, Re- This paper providesproperty data for R-32, R-

I frigerating, and Air-ConditioningEngineers, ASH- 125, and R-143a. These data are provided toRAE), Atlanta,GA, volume 53, pages 413 rf, 1947 predict the properties of their mixturesas re-
(RDB3231) placements for R-502, an azeotrope containing

R-22 and R-115. Critical properties, solubility,

I S.C.G. Schultz, Equations of State for the Sys- flammability,ozone depletion potential (ODP),tem Ammonia-Water for Use with Computers, and global warming potential (GWP) are com-
Proceedings of the International Congress of Re- pared for the three hydrofluorocarbons(HFCs)

i frigeration, InternationalInstitute of Refrigeration to thoseof R-502. Transport properties,includ-
IIR), Pads, France, volume 2, pages 431 rf, 1972 ing thermal conductivity,viscosity,surfaceten-
(RDB3234) sion, and specificheat are similarlycompared.

R-717,ammonia,absorption Tabulardata are providedfor compatibilitywith

i polychloroprene(neoprene),nitdle butylrubberB. Ziegler and C. Trepp (SwissFederal Institute of (NBR), and polyethylenechlorosulfone(DuPont
Technology, ETH, Switzerland),Equation of State Hypalon(R))elastomers. Miscibilityalso is com-
for Ammonia-Water Mixtures, International Jour- pared for R-502 and the three HFCs with

I unidentifiednaphthenicmineraloil and neopen.
nal of Refrigeration, Paris, France, volume 7, num-

ber 2, pages 101rf,February1986 (RDB3236) ataylndPolyesterand alkylbenzenelubricantsin 80%5% lubricant concentrations. A series of
R-717,ammonia, absorption plots provide the vapor pressure,saturated liq-

I uid density, liquid viscosity, and liquid thermalconductivity for -60 to +60 °C (-76 to 140 OF).
The paper reviewsthe designchanges required,

General and Multic)le Fluids but concludesthat only few adaptationswill be

I -- needed for either retrofitor new uses of theseT. Atwood (AIIiedSIgnalIncorporated), Refrigerant fluids.
Tables and Charts, ASHRAE Handbook - Funda-

I menials (published in separate editions with inch- H.D. Baehr (Universit_tHannover),New Refriger-pound and SI metric units), American Society of ants, Research Into Their Thermodynamic Prop-
Heating, Refrigerating,and Air-ConditioningEngi- erty Data, Proceedings of the 3rd Intemational En-
neers (ASHRAE), Atlanta,GA, chapter 17, pages ergy Agency Heat Pump Conference (Tokyo,

Japan, 12-15 March 1990) edited byT. Saito and Y.

I 17.1-17.71, 1989(71 pages,RDBO037) Igarashi, Pergamon Press, Elmsford, NY, pagesThis chapter provides pressure-enthalpy(ph) 243-251, 1990 (12 pages with 1 figureand 3 tables,
diagrams and tabulates thermodynamic and RDB0406)

i thermophysical propertiesfor R-11, R-12, Ro13,R-13B1,R-14, R-22, R-23, R-50, R-113, R-114,R- M. Barter and Y. Candau (Universit6Pads XII - Val
142b, R-152a, R-170, R-290, R-500, R-502, R- de Marne, France), Thermodyn_mic Properties
503, R-600, R-6OOa,R-717, R-744, R.1150, and Computation of Two Possible Substitute Refrig-

i R-1270. The tabular data Includetemperature, erants, Proceedings of the 1992 International Re-pressure,vaporvolume, liquiddensity,enthalpy, frigeration Conference - Energy Efficiency and
entropy,viscosity,thermalconductivity,specific New Refrigerants, edited by D. R. Tree and J. E.
heat, and the velocity of sound. Temperature- Braun, Purdue University,West Lafayette, IN, vai-

l entropy (ts) diagrams and properties are pro- ume 2, pages 433-442, July 1992 (10 pages with 3vided for cryogenic fluids including R-702, R- figuresand 7 tables, RDB2826)
702p, R-704, R-720, R-728, R-729, R-732,and R-
740. An enthalpy-concentrationdiagram and N.F. Carnahanand K. E. Starling, Intermolecular

tabulardata for the specificvolume at saturation Repulsions and the Equation of State for Fluids,are presentedfor ammonia ware,"for absorption AIChE Joumal, AmericanInstitute of Chemical En-
cycles. Enthalpy equilibriumand concentration gineers (AIChE), New York, NY, volume 18, pages
diagramsare similadyprovidedfor water-lithium 1184 rf,1972 (RDB2333)

I bromide solutions.

I I please see pages 5-8 for ordering information I
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II

H. B. Chae, J. W. Schmidt, and M. R. Moldover P.A. Domanskland D. A. Dldion, Impact of Refrig- J
(National Institute of Standards and Technology, erant Property Uncertainties on Prediction of
NIST), Surface Tension of Refrigerants R-123 Vapor Compression Cycle Performance, report
and R-134a, Journal of Chemical and Engineering NBSIR86-3373, National Instituteof Standards and BB
Data, AmericanChemical Society (ACS), pages 6- Technology (then the National Bureau of Stan- B
8, January 1990 (3 pages with 2 figuresand 3 ta- dards), Gaithersburg, MD, December 1986 (54
bles,RDB0917) pages, RDB0922) BB

The surface tensionsof two environmentallyac- This paper presentsa sensitivitystudyof a va- Bi
ceptable refrigerants(R-123 and R-134a) were pcr-compression cycle in the form of a heat

Bm

measured with a differentialcapillaryrise tech- pumpoperatinginthe cooling mode. The study
nique. Measurements span the temperature was performedwith the aid of a detailedsimula- BB
range -25 to + 140 °C (-13 to 284 °F) for R-123 tion model; runswere made for differentpara- I!
and -10 to +95 °C (14 to 203°F) for R-134a. metricvaluesand the capacity and power.input

were compared with resultsof a run usingan
H. B. Chae, J. W. Schmidt, and M. R. Moldover unchangedvalue of the parameters. Theeffects ma
(National Institute of Standards and Technology, on ovaporator and condenser pressures, and al
NIST),Alternative Refrigerants R-t23a, R-134, R- refrigerantmass flow rate are given. The inde-
141b, R-142b, and R-152a: Critical Temperature, pendent variables include thermodynamic and
Refractive Index, Surface Tension, and Esti- transport properties,as well as the refrigerant i
mates of Llquld, Vapor, and Crltlcal Densltles, flow, heat transfer, and pressure drop coef- i
Journal of Physical Chemistry, pages 8840-8845, flcients. The parameterswhich had the most
13 December 1990 (6 pages with 6 figuresand 4 effect on systemperformancewere liquidtrans- mm

tables,RDB0918) port properties,evaporative heat transfercoeffi- BB

Differential capillary rise and refractive index cient, and vapordensity.
i

data are reported for fivealternativerefrigerants:
R-123a, R-134, R-141b, R-142b, and R-152a. B.R. Fellows,R. G. Richard, and I. R. Shankland
This paper explainsthe selectionof thesefluids, (AllledSignalIncorporated), Electrical Characterk II
describes the apparatus and analytical meth- zation of Alternate Refrigerants, paper 45, pro-
ods, and compares the findingswith published ceedings of the XVIIIth InternationalCongress of
reports by others. The data extend from about Refrigeration(Montreal, Qu6bec, Canada, August H
25 °C (77 °F) to the critical point of each fluid 1991), InternationalInstituteof Refrigeration,Paris,

France,August1991 (10 pages with 2 figuresand 7
i

and directlyyieldthe criticaltemperatureTc and
the temperature-dependent capillary length, tables,RDB2319)
The present data were combined with liquid I
densitydata (near ambienttemperature) to de- J. Gallagher,M. O. McLinden, G. Morrison, M. I_
termine the Lorentz-Lorenz constant. The Huber, and J. Ely, NIST Thermodynamic Proper-

m

Lorentz-Lorenzrelationis used to estimate the ties of Refrigerants ana Refrigerant Mixtures

liquid,vapor, and criticaldensities,and the sur- Database (REFPROP), NIST Standard Reference iface tension. R-141b slowlydecomposedwhen Database23 version3.0, National Instituteof Stan-
maintainednear its critical point (in contactwith dards and Technology, Gaithersburg, MD, March
gold, sapphire, stainless steel, and crown 1992 (softwareand documentation available from

NIST, RDB2430) !glass).
Version3.00 of REFPROPcalculatesproperties IB

C. L. Gage, Equation-of-State Parameters for for 26 purerefrigerants,as well mixturesof up to
Potential CFC and HCFC Replacements, Envl- five of them. A method to estimatebinary inter- m
ronmentalResearch Bdef EPA-600/S-93-O03,U.S. action parametersIs providedfor those pairsof ii
Environmental Protection Agency (EPA), Research fluidsfor whlchmeasurementsare not available.
TrianglePark, NC, February 1993 (2 pages with 2 The refrigerants include R-11, R-12, R-13, R-
tables,availablefrom JMC as RDB3406) 13B1, R-14, R-21, R-22, R-23, R-113, R-114, R- BB

This summary presentscoefficlentsto calculate 115, R-123, R-124, R-125, R-134, R-134a, R- B

thermodynamicpropertiesfor 11 potentialalter- 141b, R-142b, R-143, R-143a, R-152a, R-218, R-

nativerefrigerants. These data are providedfor 290and(propane),l..134.FourteenthermodynamicR'C270(cyclopropane), R-C318,properties i
use with for the Carnahan-Stading-DeSantis BIcan be calculated, in user-selected units of
equation of state. The summary also presents

Bi

coefficientsfor a quadraticequation for the ideal measurement.This updatereplacesversion2.0
gas heat capacity. The chemicals Includenine [seeRDB1105]. lm
hydrofluorocarbons(HFCs), namely R-227ca, R- B
227ea, R-236cb, R-236ea, R-236f'a,R-245ca, R- J. Gallagher, M. O. McLlnden, and G. Morrison,
245cb, R-245fa, and R-254cb. Theyalso include REFPROP, A Program for the Calculation of the
two ethers,E-125and E-143a. Thermodynamic Properties of Refrigerants and IB

II

I
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I Refrigerant I versity, West Lafayette, IN, pages 214-221, JulyMlxturell, NIST Standard Reference
Database23 version 2.0, National Instituteof Stan- I 1982 (RDB3323)
dards and Technology, Gaithersburg, MD, March

i 1991 (software and documentation availablefrom A. Kamei, C-C. Piao, H. Sato, and K. WatanabeNIST, RDB1105) (Keio University,Japan), Thermodynamic Charts
Version2.00 of REFPROP calculatesproperties and Cycle Performance of [H]FC-134a and

i for 18 pure refrigerantsand 24 binary mixtures [H]FC-152a, paper 3318, Transactions, Americanof them in user-selectedunitsof measurement. Society of Heating, Refrigerating,and Air-Condi-
These refrigerantsinclude R-11, R-12, R-13, R- tioning Engineers (ASHRAE),Atlanta, GA, volume
13B1,R-14, R-22, R-23, R-113, R-114, R-115, R- 96, part 1, 1990 (9 pageswith 13 figuresand 5 ta-

i 123, R-124, R-125, R-134, and R-134a, R-142b, bles,RDB3110)R-152a, and R-C270. This versionhas been su- thermodynamic properties and cycle perfor-
perseded;see RDB2430. mancefor R-134aand R-152a .

I J. Gallagher, M. Oo McLinden, and G. Morrison, R.F. Kayser (National Institute of Standards andREFPROP, A Program for the Calculation of the Technology, NIST), Thermophysical Properties,
Thermodynamic Properties of Refrigerants and report DOE/CE/23810-8A, Air-Conditioningand

i Refrigerant Mixtures, NIST Standard Reference RefrigerationTechnology Institute(ARTI),Arlington,Database23 version 1.02,NationalInstituteof Stan- VA,January 1993 (102 pages, inclixling 13 figures
dardsand Technology, Gaithersburg,MD, 28 Sep- and 32 tables, availablefromJMC as RDB3201)
tember 1990 (software and documentation,RDB-
0916) This progressreport provides an update on a

I project to provide highly accurate, selectedVersion1.02 of REFPROP calculatesproperties thermophysicalpropertiesdata for R-32, R-123,
for 16 pure refrigerantsand 24 binary mixtures R-124, and R-125. The report summarizesthe
of them in user-selectedunits of measurement, work completed in the fourth quarter of a 15-

I These refrigerantsinclude R-11, R-12, R-13, R- month project and includes plots showing the13B1,R-14, R-22, R-23, R-113, R-114, R-123,R- rangesof measureddata, deviations from cor-
124, R-125, R-134, and R-134a, R-142b and R- relations, and comparisons with eadler data.

i 152a. This version has been superseded;see Preliminarytables are appended, in both metric
RDB2430. (SI) and inch-pound (lP) units. They relate Bur-

nett measurementsof density and pressureto
A. R. H. Goodwtnand M. R. Moldover(National In- temperature for the vapor phase and vibrating

i stitute of Standardsand Technology, NIST), Ther- densimeter measurementsfor the liquid phasemophysical Properties of Gaseous Refrigerants for R-32. Burnett and ebulliometdcvapor-pres-
from Speed of Sound Measurements: IlL Results suredata are tabulatedand extrapolated to pro-
for 1,1-dichloro-2,2,2-trifluoroethane (CHCI=. vide saturatedvapor and liquid densities. Adia-

I CF_ and 1,2-dichloro-l,2,2-trifluoroethane batic calorimeter measurements at constant(CHCIF-CClF2), Journalof Chem. Physics,Amed- volume are presented for the liquid and two- •
can Institute of Physics, volume 95, number 7, phase regions. Measurementsof thermal con-
pages 5236-5242, 1 October 1991 (7 pageswith 4 ductivityhave been delayed bya failure,not yet

i figuresand 4 tables,RDB3106) analyzed, due to corrosionof leads inthe tran-R-123, R-123a sient hot-wire apparatus. Supercritical data,
therefore,are not tabulated pendingverification

X. Guozhen, W. Yezheng, D. Kunxuan, and C. and completion, thougha preliminaryplot isin-

I The Re- cluded. Density and pressure measurements
Zhong (Xi'an J_otong University,China),
lations Uud to Analyze the Phase Equilibrium versustemperaturealso are provided for R-124
Propertln of Binary Refrigerant Mixtures, Pro- and R-125 forthe liquid phase. Measuredpres-

i ceedings of lhe 1992 International Refrigeration sure and densitydata also are tabulated for R-Conference- Energy Efficiency and New Refriger- 125 for compressedliquid, and a range of iso-
ants, edited by D. R. Tree and J. E. Braun,Purdue chores. Ebulliometrtc vapor-pressure mea-
University, West Lafayette, IN, volume 2, pages surements and fits to Antoine equations are

I 425-432, July 1992 (8 pages with 2 figuresand 4 given for bothR-124 and R-125. Isochodc PVTtables,RDB2825) measurementsand both liquid and two-phase
heat capacityare tabulated for R-123. Progress

D. W. Hughes, J. T. McMullan, and R. Morgan, in fitting the data to modified Benedict-Webb-

I Determination of the Thermodynamic Properties Rubin (MBWR) equations of state for R-125,of Refrigerant-Oil Mixturell, Proceedings of the bothas part of related researchand the present
1982Purdue Compressor Conference, PurdueUni- project,is cited. Progresson a 32-term MBWR

I

l I please see pages 5-8 for ordering information I
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equation, based on analysisof thermalconduc- R-124, and R-125. The thermodynamic data i
tivitydata for R-123,alsois described, alsowill be fit to modified Benedict-Webb-Rubin

(MBWR) and improved Carnahan-Starling-De.
R. F. Kayser (National Institute of Standards and Santis (CSD), or Carnahan-Starling-DeSantis- lm
Technology, NIST), Thermophysicll Properties, Morrison (CSDM), equations of state for each

[]

report DOE/CE/23810-4A, Air.Conditioning and fluid. The CSDM equation takes Into account
RefrigerationTechnologyInstitute (ARTI),Arlington, the effects of the dipole moment to Improve lm
VA,October 1992 (222 pages, includinga 104-page modellingof blends of very polar fluids,such as I
report with8 figuresand 23 tables, and 4 appended R-32/134a. Viscosityand thermal conductivity
draft papers,availablefromJMC as RDB2C01) data for R-32 and thermal conductivitydata for

R-123 will be correlated for use in transport i
This progress report providesan update on a property models. Measurementsin this report-
project to provide highly accurate, selected ing period have focused on the PVT bel_vior,

II
thermophysicalpropertiesdata for R-32, R-123,
R-124, and R-125. Pressure-temperatureand isochodc heat capacity, and transport proper-

relationsare plotted for R-32 ties of R-32 and on the thermal conductivityof Idens_y-pressure R-123. Measurementsfor R-32, based on Bur-
based on measurementsusinga Burnettappa- nett apparatus, are described. A draft paper
ratus. Pressure-volume-temperaturerelations, entitled "EbulliometricMeasurement of the Va-

determinedwith a vibrating-tubeapparatus and por Pressureof Difluoromethane(R-32)," sub- I
extrapolations,also are plotted. Deviationsto mitted to the Joumal of Chemical and Engi.
measured data, generally within _+0.1% are

[]

plotted and skeletondensitydata are tabulated, nearing Data, is appended. Measurementsof
Pv'r and experimental liquid heat capacity data the molar heat capacity using an adiabatic mmcalorimeter,of thermalconductivityusinga low-
are tabulated for the 284-340 K (51-153 °F). temperature transient hot-wireinstrument, and I
Transient hot-wire measurements of thermal shear viscosity using a torsionalquartz crystal
conductivity for 300-340 K (80-160 °F) are pre-
sented and viscosity measurements are de- viscometerare outlined. The pressureand Iiq- E
scribed. A virial equation and coefficientsfor uid densitiesof R-32/134a and R-32/152a weredetermined at the bubble points of these mix- II
the ideal-gasheat capacity of R-124 is summa- tures in a related project. The thermal con-
dzed. The speed of sound, ideal-gas heat ca- ductivtty of R-124 was measured in the liquid
pacity,and acoustic virialcoefficientsare tabu- I
iated for R-125 for 250-400 K (-10 to 260 °F) and vapor phases, and a draft paper entitled• "Thermal Conductivity of 2-Chloro-l,1,1,2-

[]

Pressure-temperatureand molar heat capacity Tetrafluoroethane(R-124),"submittedto the In-
data are plotted and PVT and heat capacitydata ternationa/ Journal of Thermophysics, also is mm
are tabulated for R.125. Finally, thermal con- appended. Thermalconductivitymeasurements
ductivitydata are tabulatedfor R.123, based on lm
transient hot-wire measurements. Further data of R-125 in the vapor, liquid, and supercritical
are summarized in four appended draft papers phases are outlined as are viscositymeasure-

ments for both R-124 and R-125. The thermal IB
entitled "Coexisting Densities, Vapor Pressures, conductivitymeasurementsof R-123, usinglow- iland Critical Densities of Refrigerants R-32 and
R-152a at 300 to 385 K;" "Coexisting Densities and high-temperaturetransienthot-wire instru-
and Vapor Pressures of Refrigerants R.22, R- ments, also are described. The agreement be- I•
134a, and R.124 at 300 to 395 K;" "Critical tween newly acquired property data are com-
Densities and Coexisting Density Data: App/ica. pared to those resultingfrom other identifiedin-

mm
tion to Refrigerants R-22, R.134a, and R.124;" vestigations,generallyindicatingmorecomplete

and "Measurements of the Viscosities of Satu- and much more precise findings. [see RDB-
rated and Compressed Ruid l-chloro-l,2,2,2- 2C01 for update] il
tetrafluoroethane (R-124) and Pentafluo-
roethane (R-125)at Temperatures Belween 120 R.F. Kayser (National Institute of Standards and
and 420 K." [see RDB3201for update] Technology, NIST), Thermophylical ProlNwtlea, IIreport DOE/CE/23810-2A, Air-Conditioning and

R. F. Kayser (National Institute of Standards and RefdgerationTechnology Institute (ARTI),Arlington,
m

Technology, NIST), Thermophysical Properties, VA, April 1992 (9 pages with 4 figures, available
report DOE/CE/23810-3A, Air-Conditioning and from JMC as RDB2511)
RefrigerationTechnology Institute(ARTI),Arlington, This interimreport introducesa project to pro- Ii
VA, July 1992 (54 pages includinga 6-page report vide highly accurate, selected thermophysical
and 2 appended draft papers, availablefrom JMC propertiesdata for R-32, R-123, R-124, and R-
as RDB2801) 125. The thermodynamicdata alsowill be fit to

This progress report provides an update on a modified 8enedict-Webb-Rubin (MBWR) and
II

project to provide highly accurate, selected improved Carnahan-Stading-DeSantls(CSD), orCarnahan-Stading-DeSantis-Mordson(CSDM),
thermophysicalpropertiesdata for R-32, R-123, lm

Ii

I
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I equations of state for each fluid. The CSDM M.O. McLJnden(National Institute of Standards
equation takes Into account the effects of the and Technology, NIST), Physical Properties of

i dipole moment to improve modellingof blends Alternatives to the Fully Halogenated Chloro-of very polar fluids, suchas R-32/134a. Viscos- fluorocarbons, publicationunknown, National In-
ity and thermal conductivitydata for R-32 and stituteof Standardsand Technology,Boulder,CO,
thermal conductivitydata for R-123 will be cor. 1989 (RDB0906)

I related for use in transport property models. The propertiesof nine halogenated hydrocar-MeasurementsIn thisreporting pedod have lo- bons are collected from a varietyof sources,in-
cused on the PVT behaviorand vapor pressure cluding unpublisheddata. Thesedata are eval-
of R-32, thermal conductivity of R-123, and uated and correlated. Considered are the tdple

I speed of sound in R-124. Plots compare the point, normalboilingpoint, and cdticalpoint pa-measured and calculated vapor pressure data rameters and the temperature dependence of
for R-32 and measuredthermal conductivityof the vapor pressure,saturatedliquiddensity,sol-
R-123 with similar data from prior studies by ubilityinwater, and hydrolysisrates. The fluids,

I other researchers. The report also summarizes whichare potentialalternativesto the fullyhalo-
ongoing property measurementsand modelling genated chlorofluorocarbons,are R-22, R-123,for the same fluids in companion research.
[See RDB2801 for update] R-124, R-125, R-124, R-134a, R-141b, R-142b,

I and R-152a; alsoIncluded isthe solventR-140aG. Latini,P. Pierpaolt,and F. Polonara(Universithdi (methylchloroform).

Ancona, Italy), Dynamic Viscosity end Thermal M.O. McLInden, J. S. Gallagher,L A. Weber, G.

i Conductivity Prediction of Refrlgerants and Re- Morrison, D. Ward, A. R. H. Gcmdwln, M. R.frlgerant Mlxtures, Proceed/ngs of the 1992 Inter. Moldover,J. W. Schmidt,H. B. Chae,T. J. Bruno,J.
national Refrigeration Conference - Energy Efr/- F. Ely, and M. L. Huber (NatlonalInstitute of Stan-
ciency and New Refrigerants, edited by D. R. Tree dards and Technology, NIST), Measurement and

I and J. E. Braun,PurdueUniversity,West Lafayette, Formulation of the Thermodynamic PropertiesIN, volume 2, pages 489-498, July 1992 (9 pages
with 7 tables, RDB2832) of Refrigerants 134a (1,1,1,2-Tetrafluoroethane)

and 123 (1,1-Dichloro..2,2,2-Trifluoroethane), pa-

i per 3282 (RP-588), Transactions, AmedcanSociety
R. C. McHarness and D. C. Chapman, Refrigerat. of Heating, Refrigerating,and Air-ConditioningEn-
ing Capacity and Performance Data for Various gineers (ASHRAE),Atlanta,GA, volume 95, part 2,Refrigerants, Azeotropes, and Mixtures, Trans.
actions, American Society of Heating, Refrig- pages263-283, 1989 (21 pages,RDB0913)

I eratlng,and Air-ConditioningEngineers(ASHRAE), Thermodynamicpropertiesof R-134aand R-123Atlanta,GA,volume67, 1961 (RDB3213) are formulated using a modified Benedict-
Webb-Rubin(MBWR)equationof statefit to ex-

M. O. McLinden (National Institute of Standards perimental measurementsof the critical point,

I and Technology, NIST), Thermodynamic Proper- vapor pressure,saturated liquid and vapor vol-ties of CFC Alternatives - A Survey of Available umes, superheated pressure-volume-tempera-
Data, CFCs: Today's Options- Tomorrow's So/u- ture (PVT) behavior, and second vidal coeffi-

i tions (proceedings of ASHRAE CFC Technology cientsderived from PVT and sound speedmea-
Conference, Gaithersburg, MD, 27-28 September surements. The heat capacity of the ideal gas
1989), American Society of Heating, Refrigerating, referencestate isdeterminedfrom soundspeed
and Air-ConditioningEngineers(ASHRAE),Atlanta, measurementson the low densityvapor. Sur-

I GA, pages 17-31, 1990; republished in International face tensions are also presented. The experi-Journal of Refrigeration, Pads, France, volume 13, mental methods and resultsare summarized,
number5, May 1990,pages 149.162 (15 pageswith compared to the property formulation, and
29 figuresand 6 tables, RDB0912) compared to other sourcesInthe literature. Ta-

I blesand diagramsof the thermodynamicprop-Thermodynamic properties, from a variety of ertlesof R-123 and R-134a, prepared usingthe
sources Including unpublisheddata, are sum- MBWR equation of state,are presented. While
marized for ten potentialsubstitutesfor CFC re- the various measurements cover different

i frigerants. The fluids IncludeR-22, R-23, R-32, rangesof temperatureand pressure,the MBWRR-123, R-124, R-125, R-134a, R-142b, R-143a, formulationis applicable in both the liquid and
and R-152a. The data include triple-point,nor- vapor phases at pressures up to 10,000 kPa

mal boiling point, and criticalpoint parameters, (1500 psia);the applicableFlemperaturerange is
I and the temperature dependence of the vapor 233to 450 K (-40 to 3_,0 for R-134a and 255pressure,saturated liquid density,and ideal-gas to 450 K (0 to 350 for R-123. This paper

data heat capacity. Also consideredare single- summarizes the results of ASHRAE research
phase PVT data. The saturationand Ideal-gas projectRP-588.

data are fit to simplecorrelations.

I ! please see pages 5-8 for ordering information I
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R. C. Miller, A. D. Ceballos, K. R. Hall, and J.C. G. Morrisonand D. K. Ward (National Instituteof I
Holste (Texas A&M University), Accurate Vapor Standards and Technology, NIST), Thermody-
Pressures for Refrigerants, Proceedings of the namic Properties of Two Alternative Refriger-
1992 International Refrigeration Conference - En. ants, 1,1.Dlchloro-2,2,2-Trifluoroethane (R-123) BB
ergy Efficiency and New Refrigerants, edited by D. and 1,1,1,2-Tetrafluoroethane (R-134a), publica- II
R. Tree and J. E. Braun, Purdue University,West tion unknown,undated (38 pages with 11 figures
Lafayette,IN, volume 2, pages 479-487, July 1992 and 7 tables,availablefromJMC as RDB0907) lib

(9 pages with 3 figuresand 2 tables,RDB2831) This paper describes property measurements Bi
for R-123 and R-134a. A simplevariable-volume

mm

G. Morrison and J. S. Gallagher(National Institute sapphire cell was used to obtain vapor-liquid-
of Standardsand Technology, NIST), REFPROP: A equilibrium measurements. Vapor pressures
Thermodynamic Properties Software Program and saturationliquiddensitiesare presentedfor
for Refrigerants and Their Mixtures, publication R-134afrom -5 °C (23 °F) to the criticaltemper-

Ii

unknown, 1990 (12 pages with 2 figures,available ature, and for R-123 at 30-100 °C (85-210 °F).
from JMC as RDB0914) Saturation vapor density was also determined BB

This paper introduces REFPROP, a computer for R-134afrom35 °C (95 oF)to the criticalpoint, II
software package that producestables of ther- wherethe criticalconditionswere measured. A
modynamic propertiesfor 15 refrigerantsand 20 mechanical oscillator densimeterwas used to mm

of their binary mixtures, lt addressesthe Car- provide density measurements of the com- BE
nahan-Stading-DeSantis(CSD) equationof state pressedliquids. These measurementsare pre- m

chosen for property calculations, the software sentedfrom the saturationpressureto 5.5 MPa
subroutinesincluded, and sources used to ob- (800 psi)for R-134aand to 3.5 MPa (500 psi) for aB
tain the incorporatedpropertydata. The paper R-123 at 5-95 °C (40-200 oF). Resultsare sum- Icompares output to source data for R-123. marized and compared with similar mea-
(Pleasesee RDB2430for further informationon surementsmade by othergroups.

REFPROP.) IT. W. Phillipsand K. P. Murphy (AllledSIgnalIncor-
G. Morrisonand M. O. McUnden, Application of a porated, then Allied Chemical Corporation),Liquid
Hard Sphere Equation of State to Refrigerants Viscosity of Halogenated Refrigerants, paper
and Refrigerant to Mixtures, NBS TechnicalNote 2152, Transactions, American Society of Heating, II
1226, National Instituteof Standards and Technol- Refrigerat;ng, and Air-Conditioning Engineers |
ogy (then the National Bureau of Standards), (ASHRAE),Atlanta, GA, volume 76, part II, pages
Gaithersburg,MD, August 1986 (156 pages, avail- 146-156, June 1970 (12 pageswith 5 figures and3
abtefrom JMC as RDB0911) tables,RDB2315) IB

The Camahan-Stading-DeSantis(CSD) equation Liquidviscositydata are tabulated for R-11, R- B
of state is applied to halogenated hydrocarbon 12, R-13, R-22, R-114,R-115, R-133a, R-152a,R-
refrigerantsand theirmixtures. A set of thermo- 500, R-502, R-31/R-114, R-115/R-152a, R-503, II
dynamic functions is derived from the PV'I" R-504,and R-32/R-12. Iequation of stateand the ideal gas heat capaci.
ties. Reference states are discussed for both T.W. Phillipsand K. P. Murphy (AIIiedSignalIncor-
pure materials and mixtures. Although the porated, then Allied Chemical Corporation),Uquid li
modelexhibits a critical point, it does not quan- Viscosity of Halocarbons, Journal of Chemical I
titativelyrepresent properties in the critical re- and Engineering Data, volume 15, number2, pages
gion. Despitethis limitation,this model can rep- 304-307, February1970 (4 pages with5 figuresand
resent both liquid and gaseous mixturesaway 5 tables,RDB2314) []
from theirown criticalpoints, evenat conditions Ii
near to and above the critical points of their K. Raznjevic, Handbook of Thermodynamic Ta-
components. Algorithms and FORTRAN rou- bles and Charts, HemispherePublishingCorpora-
tines for the use of this model are presented tlon, Washington, DC, and McGraw-Hill Book BI
along with the numericalcoefficientsfor 11 pure Company, New York, NY, 1976 (RDB3211) II
refrigerants and 7 mixtures. Routinesfor evalu-
ating the coefficientsfrom saturationdata are J.R. Sand, S. K. Fischer(Oak RidgeNationalLabo-
included. Severalexamples of theapplication of ratory, ORNL), and J. A. Jones (Jet Propulsion
this equationof state are presented to demon- Laboratory, California Instituteof Technology), Ex- []
strate its versatility. The average deviationfrom perimentally Determined and Estimated CSD
the tabulated saturation properties of the 11 and LKP Interaction Coefficients for Ozone-Safe m
pure refrigerantsis 0.54% for pressures,0.09% Refrigerant Mixtures, International Journal of Re. Ifor liquid volumes, and 0.50% for vapor vol- frigeration, Paris,France,in publication(RDB2336)

umes. Estimates of interactioncoefficients (ICs) are

provided for binary refrigerant blends for both I

!



I Refrigerant Database Page59

I the Camahan-Stading-Desantis(CSD) and Lee- tute (EPRI), at Clemson Universityand the Uni-
Kesler-PlOcker(LKP) equationsof state (EOS). versifyof Tennessee. The goals were to synthe.

• These IC values characterizethe non.ideal be- size and determine relevantphysicalproperties

I haviorof mixtures,and are usefulin calculating of numerousfluodnatedpropanes,butanes,andthermodynamicproperties. The estimateswere ethers. Chemical formulaeand normal boiling
determinedby least-squaresfitsof the CSD and pointsare tabulatedfor 34 compounds consid-
LKP equations to previously measured, satu- ered. 11 are identified for further characteriza-

I rated vapor pressure (bubble point) data. 71 tion; theirchemical names and the refrigerantsmixturesof 8 different refrigerantsin 18 binary they might replace are tabulated. Additional
combinationswere analyzed. The combinations testing of these 11 candidates is continuing.

I included R.12/R.152a, R-22/R-124, R-22/R-134, This research includes determinationof atmo-
R-22/R.134a, R-22/R-142b, R-22/R-152a, R- spheric stabilityand tests of acute Inhalation
23/R-22, R-23/R-134a, R-124/R-142b, R-134/R- toxicity, materials compatibility,vapor thermal
124, R-134/R-142b, R-134a/R-124, R.134a/R- conductivity, and refrigeration I:Jerformance.

i 134, R-134a/R-142b, R-134a/R-152a, R.152a/R- The 11 selected chemicals include nine hydro-124, R-152a/R-134, and 152a/R.142b. The pa- fluorocarbons (HFCs), namely R-227ca, R-
per describesthe use of lC values,experimental 227ea, R-236cb, R-236ea, R-236fa, R-245ca, R.
apparatusused to measure the data, presents 245cb, R-245fa,and R-254cb. They alsoinclude

I the resultingICs, and discussesvariancesfound two ethers,E-125and E-143a.with previously determined values. Good
agreementwas found for severalknownblends, K. Watanabe, H. Sato, and Z-Y. Qian (Keio Untver-
but poor agreement resultedfor the well char- sity, Japan), Thern'lodynemlc Properties of New

I acterized R-22/R-142b blend; further exped- Refrit_erants - HFC-32 and HFC.125, Proceed-mental verificationis recommended. Compar- ings _)fthe 1992International Refrigeration Confer.
isons between experimental ICs and those cal- ence - Energy Efficiency and New Refrigerants,
culated from physical propertiesor critical con- edited by D. R. Tree and J. E. Braun, Purdue Uni-

I stants of the components suggest that refine- versify,West Lafayette, IN, volume 2, pages 443-ment of the propertycalculationalgorithmsmay 452, July 1992(10 pageswtth9 figures,RDB2827)
be desirable.

L A. Weber (National Institute of Standards and

I I.R. Shankland,Transport Properties of CFC AI- Technology, NIST), Crlterla for Establishing Ac-ternatlves, unpublished presentation(Symposium curate Vapor Pressure Curves, Proceedings of
on Global Climate Change and Refrigerant Proper- the 1992 International Refrigeration Conference -

i ties, AIChE Spring National Meeting, Orlando, FL Energy Efficiency and New Refrigerants, edited by
1990), Buffalo Research Laboratory, AllledSIgnal D.R. Treeand J. E. Braun, PurdueUniversity,West
Incorporated,Buffalo, NY, March 1990 (31 pages, Lafayette,IN, volume 2, pages 463471, July 1992
availablefromJMC as RDB0517) (9 pageswith 4 figures,RDB2829)

I R.R. SIngh, E. A. E. Lund, and I. R. Shankland, A. Weber (National .-
L. Institute of Standards and

(AlliedSignalIncorporated),Thermophysical Prop- Technology,NIST), Thermophyelcal Properties of
ertles of HFC-32, HFC.125, and HFC-32/HFC- Some Selected Alternative Refrigerants, presen-

I 125, unidentifiedpublication(8 pages with3 figures tation at the 1990 USNC/IIR.Purdue Reffigerationand 4 tables, RDB2234) Conferenceand ASHRAE-PurdueCFC Conference
(Purdue University,West Lafayette, IN, July 1990);

N. D. Smith, New Chemical Alternatives for CFCs published in the Proceedings of the 1992 Inter.

I and HCFCs, EnvironmentalResearch Brief EPA- national Refrigeration Conference - Energy Effi.600/F-92-012, U.S. Environmental Protection ciency and New Refrigerants, edited by D. R.Tree
Agency (EPA), Research Triangle Park, NC, 24 and J. E. Braun,Purdue University,West Lafayette,
March 1992 (2 pages with 2 tables, availablefrom IN, volume 2, pages 703-712, July 1992 (10 pages

I JMC as RDB3405) with 8 figures and 1 table, available from JMC as
This summaryoutlineseffortsto identifyalterna- RDB0908)
five refflgerants, lt mentionsa panel, convened Researchon thermophysicalpropert_iesfor six

I to assess the potentialfor finding suitablealter- candidate alternative rMdgerants is summa-native chemicals, lt discussesthe trade offs, in dzed. Properties measured include gas- and
replacing one or more chlorine or bromine liquid-phase PVT, vapor pressure,surface ten-
atoms in familiar refrigerants with hydrogen, sion, index of refraction, dlele'_dc constant,

between desired environmental characteristics gas-phasespeed of sound, crtticalparametersand flammability,toxicity,and lossin efficiency, and materialscompatibility. Resultshave been
lt reviews a search and cooperativelyfunded obtained for R-123, R-125, R-134, R-134a, and
project, with the ElectricPower Research Insti-

l
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II
R-141b; some propertieshavebeen obtainedfor R-13B1, R-14, R-22, R-50 (methane), R.113, R-
E-134. 114, R-115, R-142b, R-152a, R-170 (ethane), R-

290 (propane), R-C318, R.500, R-502, R-503,R-
E. G. Wright (E. I. DuPont de Nemours and Com- 600 (butane), R-6OOa (isobutane), R-702 In
pany, Incorporated), Prediction of Refrigerant (hydrogen), R-702a (p-hydrogen), R-704 i
Ternary Mixture Properties Using the Redllch- (helium),R-717 (ammonia),R.718 (water), R-720
Kwong-Soave Equation of State, Advances in (neon), R-728 (nitrogen), R-729 (air), R-732) i

Nonazeotropic Mixture Refrigerants for Heat oxygen),R-740 (argon), R-744 (carbondioxide), i
Pumps, technicaldata bulletin,AmericanSocietyof R-1150(ethylene),and R-1270(propylene). The
Heating, Refrigerating,and Air.ConditioningEngi- contractoris Purdue University,led by P. E. LJI-
nears (ASHRAE), Atlanta,GA, pages 37-52, June I layand P. D. Desai; lt is sponsored by ASHRAE mm
1985 (RDB2331) Technical Committee 3.1, Refrigerants and BE

Brines. mB
e

ASHRAE Thermodynamic Properties of Refrig-
erants, inch-pound (lP) version,Amedcan Society Liquid Viscosity Cen'elation, preliminaryinforms- BI
of Heating, Refrigerating,and Air.ConditioningEn- tion bulletin, Buffalo Research Laboratory, AI. E
gineers (ASHRAE), Atlanta, GA, 1986 (508 pages, IiedSignal Incorporated, Buffalo, NY, 23 May 1990
RDB3208) (1 page with 1 table, available from JMC as RDB-

0508) IASHRAE Thermodynamic Properties of Refrig- A correlationis providedto calculatethevtscos.
erants, metric (SI) version, Amedcan Society of ityof refrigerants,in Ib/hrft, in their liquidstate
Heating, Refrigerating,and Air-ConditioningEngi- as a functionof temperature,in°R. Coefficients, lB
neers (ASHRAE), Atlanta, GA, 1986 (472 pages, based on measurementsin the range of -20 to IiRDB3209) +80 °C (-4 to + 176 °F), are provided for R-123,

Pleasesee RDB3208for abstract R-123a,R-124, R-125,and R.134a. An equation
is includedto estimatethev_scosityof R-134ain •

Gas Heat Capacity, preliminary Informationbul- its vapor state. The Informationpresented is !
latin, Buffalo Research Laboratory, AIIiedSignalIn- preliminaryand estimated.
corporated,Buffalo, NY, 23 May 1990 (1 page with
1 table, availablefrom JMC as RDB0506) Liquid Thermal Conductivity Correlation, pre- Bl

An equation is provided to calculate the gas Iiminary informationbulletin,BuffaloResearchLab- ii
heat capacity of refrigerantsin Btu/Ib-°Ras a oratory, AllledSignalIncorporated,Buffalo,NY, 23
function of temperature in °R. Coefficientsare May 1990 (1 page with 1 table, availablefrom JMC

provided for R-123, R-123a, R-124, R-125, R- as ROB0509) I134, R-134a, and R-143a. The informationpre- A correlationis providedto calculatethe thermal
sentedis preliminaryand estimated, conductivity of refrigerants,in Btu/hrft.°F, in

their liquidstate as a functionof temperature,in mm
Liquid Density, preliminary information bulletin, °F. Coefficients,based on measurementsinthe UBuffalo Research Laboratory, AllledSIgnalIncorpo- range of 25-70 °C (77-158 °F), are providedfor
rated, Buffalo,NY, 1 May 1990 (1page with 1 table, R-123, R-123a, R-124, R-125, and R-134a. The
availablefromJMC as RDB0507) informationpresented is preliminaryand esti- IB

An equation is provided to calculate the liquid mated. mm
density of refrigerantsin Ib/cf as a function of
critical properties. Coefficientsare provided for Mertin-Hou Equations of State, preliminaryinfor-

mation bulletin, Buffalo Research Laboratory, Al- II
R-123, R-123a, R-124,R-125,R-134, R-134a,and IiedSignalIncorporated, Buffalo,NY, May 1990 (3 II
R.143a. The information presented is pre- pages with 2 tables, available from JMC as RDB-
Iiminaryand estimated. 0505) n

of the ASHRAE "Thermophysical Prop- The Martin-Hou equation of State and related BIRevision
ertles of Refrlgerant=', research project 558-RP, equationsto calculatethe enthalpy and entropy m

AmericanSociety of Heatlng, Refrlgeratlng,and Air- of refrigerantsare presented. Referencepoints
ConditioningEngineers(ASHRAE),Atlanta,GA,De- and coefficientsare provided, Inconsistentinch- •
camber 1987 - ongoing(ASH0558) pound units,for R-123, R.123a, R-124, R.125, R- I

The objectiveof this projectis to updatea stan. 134, R-134a, and R-143a. The Informationpre-
dard reference on refrigerant properties. The sentedis preliminaryand estimated. =li

work comprises a literaturesearch, data analy- III
sls, developmentof empiricalor semi-empirical Pressure-Enthalpy Graphs for the Alternative
property equations, and preps,ration of tables. Refrigerants R-32, R.123, R-125, R-134a, and R-

B

141b, research project 743-RP, Amedcan Society
The fluidsaddressed include R-11, R-12, R-13, of Heating, Refrigerating,and Air-ConditioningEn- Bl

II

I
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I gineers (ASHRAE),Atlanta,GA, April 1992 - Octo- This study will determine the liquid densities,
ber 1992 (ASH0743) vapor densities, vapor pressures, PVT proper-

The contractor for the project is University of ties,enthalpy,entropy,specificheat, and sound

I Idaho, led by S. G. Penoncello;lt is sponsored velocitiesof R-125. Vapor specificheat andPVT
by ASHRAETechnicalCommittee 3.1 Refriger. will be determined for R-141b. Critical temper-' atures and pressures will be determined for
ants and Brines. each substance.,The contractorfor the project

I is Texas A&M Universityled byJ. C. Holste; lt isREFPROP, A Program for the Calculation of the
Thermodynamic Properties of Refrigerants and sponsored by ASHRAE Technical Committee
Refrigerant Mixtures, description, National Insti- 3.1, Refrigerants andBrines.

I tute of Standards and Technology, Gaithersburg,MD, January 1990 (4 pages,ROB1104) Thermophysical Properties of Environmentally
Acceptable Fluorocarbons - HFC.134a and

REFPROP calculatesthermodynamicproperties HCFC-123, Japanese Associationof'Reffigeration

I of refrigerants, both single component and and Japan Ron Gas Association,Tokyo, Japan,mixtures. Tables produced by REFPROP can 1991 (304 pages with 83 figures and 99 tables In
be used in estimatingthe efficiencyand caps- bothJapaneseand English,RDB2235)

bilityfor a wide range of equipment with con- This comprehensive volume summarizescrlti-

I ventionaland alternativerefrigerants.This user-fdendly package generatessaturationproperty cal, thermodynamic, transport, physical,chemi-
tablesat desired temperaturesor pressures,as cal,compatibility,and otherdata availableon R-
wellas tables of propertieswiththe Independent 123 and R-134a. Included are tabular data

variables chosen from pressure,volume, tem- and/or plots for solubility,refractive Index, di-perature, entropy, and enthalpy. Dependent electricconstant,dielectric strength,PVT prop-ertlesand equationsof state,enthalpy,entropy,
variables Include those mentioned plus con- isobadc and isochoric specific heat capacity,
stant-pressure and constant-volume heat ca-

I pacitles,and velocitiesof sound. Version1.0 of isentropicexpansionexponent,speedof sound,REFPROP calculatesproperties for 15 pure re- surface tension, viscosity, kinematic viscosity,
frigerantsand 20 binary mixtures. The calcula- and thermal conductivity. Data on thermal and
tionsare basedon wide-rangingmeasurements, chemical stability are summarized, Including

I weightand lengthchanges with polypropylene,includingnew data for refrigerantsR-123, R-124, polystyrene, polyethylene, polwinylchloride,R-134, and R-134a, as well as revised correla-
tions for R-11, R-13, R-13BI, R-14, R-22, R-23, polyamlde, polylmlde, chlorinated and chloro-
R.113, R-114, R-142b and R-152a. The Carna- sulfonated polyethylene, nitdle butadiene rub-

I ber, Butyl(TM) rubber, fluorocarbon rubber,han-Starling-DeSantis(CSD) equation of state ethylene propylene diene terpolymer (EPDM),
and ideal gas heat capacities are used. REF- urethane rubber, and polychloroprene. SafetyPROP runs on IBM-compatible personalcom-
puters. Futureupgrades will includeadditional data, including toxicity and flammability, are

I summarized. The volumecontainsanextensiverefrigerants and ternary blends. (Please see
RDB2430for furtherinformationon REFPROP.) list of references as well as discussionof the

rangesand differencesamong propertysources

I Selected Physical Properties of HCFC-123, identified. An introductorysectionoutlinescon-HCFC-123a, HCFC-124, HFC-125, HFC-134, versions among several metdc systems, in-
HFC.134a, and HFC-1431, preliminaryinformation cludingSI, and Inch-poundunits, lt also reviewsthe environmentalconcerns with chlorofluoro-
bulletin, Buffalo Research Laboratory, AIIiedSignal

I Incorporated,Buffalo,NY, May 1990 (1 page with 1 carbon (CFC) refrigerants.table, available from JMC as RDB0504) Thermophysical Properties of Pure Substances
The criticaltemperaturein 'F, criticalpressurein and Mixtures for Refrigeration, proceedingsof the

I psla, criticaldensityin Ib/cf, boilingpoint tem. meeting of IIR Commissions B1 (Her'zlia, Israel,perature in '1=,and molecular weight (relative March 1990), InternationalInstituteof Refrigeration,
mol#_ular mass) are tabulated for R-123, R- Paris, France, 1990 (278 pages with 33 papers,
123a, R-124, R-125, R.134, R.134a, and R-143a. RDB1103)

I The Information presented is preliminary andestimated. Thermophysical Propertlee of Refrigerants,
AmericanSociety of Heating,Refrigerating,and Air-

Thermodynamic Properties of Refrigerants 125 Conditioning Engineers (ASHRAE), Atlanta, GA,

I and 141b, researchproject 654-RP, American So- 1976 (252 pageswith42 tables, RDB3210)ctety of Heating, Refrigerating,and Air.Conditioning This reference providesviscosity,thermalcon-
Engineers(ASHRAE),Atlanta,GA, September 1990 ductivlty,and specificheat data, along withem-
- December 1992 (ASH0654)

i piricalor semi-empiricalproperty equations,for

I I pleasesee pages5-8 for orderinginformationI
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refrigerants in inch.pound (lP) units. Conver- This report providesplotsand equationsfor es- I
siontables are provided for other unitsof mea- timation of the transport properties of R-401
sure. The fluidsaddressed Include R.11, R-12, (33/15/52), R-401 (53/13/34), and R-401
R-13, R-13B1, R-14, R-21, R-22, R-23, R-40 (61/11/28). These three refdgerants are zeo- lm
(methylchloride), R.50 (methane),R-113, R.114, tropic blends of R.22, R-152a, and R.124 (R- B
R-115, R-142b, R-152a, R-170 (ethane), R-290 22/152a/124). Saturated liquid viscosity,ther-
(propane), R-C318, R-500, R-502, R-503, R-504, mal conductivity,and heat capacity; vapor vts-
R-600 (butane), R-6OOa (Isobutane), R-702 cosity at atmosphericpressure; vapor thermal B
(hydrogen), R-702a (p-hydrogen), R-704 (hell- conductivity at atmospheric pressure; vapor II
urn), R-717 (ammonia), R-718 (water), R-720 heat capacity; and vapor heat capacity ratio
(neon), R-728 (nitrogen), R-729 (air), R-732) ox- (Cp/Cv) are addressed. Plots provide correc- mi
ygen), R-740 (argon), R-744 (carbondioxide),R- tion factors for vapor viscosityat higher pres- I1150 (ethylene), and R-1270 (propylene). More suresfor vapor densitiesto 110 kg/m3 (7 Ib/cf).
than 1000 referencesare cited. The plots and equations are repeated in inch-

pound (lP) and metric(SI) units. The equations lE
Thermophylical ProperUel of Refrigerants 123 are based on curve fits of measured data. Ii
and 134a, proposed research project 655A-TRP, DuPont's productnames for R-401 (33/15/52),
AmericanSocietyof Heating, Refrigerating,andAir- R-401 (53/13/34), and R-401 (61/11/28) are
Conditioning Engineers (ASHRAE),Atlanta,GA, in Suva(R)MP52, Suva(R)MP39, and Suva(R)MP66 m
planning(ASHO655A) respectively. II

This project is sponsored by ASHRAETechnical
Committee3.1, Refrigerants and Brines. Vapor Thermal Conductivity Correlation, pre.liminaryinformationbulletin,BuffaloResearchLab- BI

Thermophylical Properties of Refrigeranta 125 oratory, AlliedSignalIncorporated, Buffalo,NY, 23 mi
and 141b, proposed research project 655B-TRP, May 1990 (1 page with 1 table, availal:defrom JMC
American Society of Heating, Refdgeratlng,and Air- as RDB0510) BI
ConditioningEngineers (ASHRAE),Atlanta,GA, in A correlationisprovidedto calculatethe thermal I
planning (ASHO655B) conductivity of reffigerants, in Btu/brit.°F, in

This project is sponsored by ASHRAETechnical theirvapor stateas a functionof temperature, In
°F. Coefficients,based on measurementsin the

Committee3.1, Refrigerants and Brines. range of 25-70 °C (77-158 °F), are provided for lm
R-123, R-123a, R-124, and R-134a. The infor-

Transport Propertlea of Suva(R) Refrigerants:
SUva(R)Cold-MP (HFC-134a), Suva(R)Trans A/C mationpresentedis preliminaryand estimated. m

(HFC-134a), and Suva(R) Centri-LP (HCFC-123),
product information report ART-1 (HJ,3855-1), Vapor Pressure, preliminary informationbulletin,
DuPont Chemicals, Wilmington, DE, September BuffaloResearchLaboratory, AIIledSignalIncorpo-

BB

1992 (24 pages with 18 figures,availablefrom JMC rated, Buffalo,NY, 1 May 1990 (1 page with 1 table,
availablefromJMC as RDB0511) iias RDB3438)

This report providesplotsand equationsfor es- An equation is provided to calculate the vapor
lm

timation of the transport propertiesof R-123 and pressureof refrigerantsin psia as a function of
R-134a. Liquid viscosity,liquidthermalconduc- temperaturein °R. Coefficientsare provided for !
tivity, saturated liquid heat capacity, vapor vis- R-123,R-123a, R-124,R-125, R-134,R-134a,and
cosity at atmospheric pressure,vapor thermal R-143a. The information presented is pre-

mm

conductivity at atmospheric pressure, vapor Iiminaryandestimated. ml

heat capacity, and vapor heat capacity ratio mm
(Co/Cv) are addressed. Correspondingdata lm
ar6 plotted for R-11 and R-12 for ali but the va-
por heat capacity data for comparison. The m
pots and equationsare repeated in inch-pound APPLICATION DATA
(lip)and metdc (SI)units. The equations are I
based on curvefitsof measureddata.

Tranlport Propertlel of SUvB(R) Refrigerants: i

mllllm

Suva(R)MP39, SUVa(R)MPe2, and Suva(R) MP66,
product information report ART-lO (H-45949), HeatTransfer
DuPont Chemicals, Wilmington, DE, January 1993 IB
(32 pages with 24 figures, available from JMC as K.I. Bell, G. F. Hewltt,and $. D. Morris, Nucleate II
RDB3440) Pool Boiling of Refrigerant-Oil Mlxturn, Exper/.

menta/ Heat Transfer, volume 1, number 1, 1987

(RDB2402) I

!
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I B. Belle,A. Cavalllnl,G. A. Longo, and L Rossetto chanical Engineers(JSME), Tokyo, Japan, volume
(Univers_ di Padova, Italy), Pure Refrigerant 3, pages 251-256, 1991 (6 pages with 9 figures,
Condensation on a Single Integral Finned Tube: RDB2410)

I Vapor Velocity Effects, Proceedings of the 1992International Refrigeration Conference - Energy J.C. Conldinand E. A. Vineyard (Oak Ridge Na.
Efficiency and New Refrigerants, edRed by D.R. tional Laboratory, ORNL), Tubeside Evaporation
Tree and J. E. Braun,Purdue University,WestLafa- of Nonazeotropic Refrigerant Mixture= from Two

I yette, IN, volume 1, pages 177-186, July 1992 (10 Enhanced Surfacu, 90-WA.HT-8
paper (ASME

pages with7 figuresand 2 tables,RDB2719) WinterAnnualMeeting, Dallas,TX), AmericanSoci.
eW of Mechanical Engineers (ASME), New York,

i D.B. Blvensand A. Yokozeki (DuPontChemicals), NY, November 1990 (7 pages with 9 figures,RDB-
Heat Transfer of Refrigerant Mixtures, Proceed. 2342)
ings of the 1992 International Refrigeration Confer.
ence - Energy Efficiency and New Refrigerants, S.J. Ecketsand M. B. Pate (Iowa State University

i edited by D. R. Tree and J. E. Braun,Purdue Uni- of Scienceand Technology), In-Tube Evaporationverstty,West Lafayette, IN, volume 1, pages 141. and Condenution of Refrigerant-Lubricant Mix.
148, July 1992 (8 pageswith 5 figuresand1 table, turn of HFC-134a and CFC-12, Transactions,
RDB2715) AmericanSocietyof Heating, Refrigerating,andAir-

I Conditioning Engineers (ASHRAE), Atlanta, GA,J. B. Chaddock and H. K. Varma (Duke University), volume 97, part 2, 1991; republishedin Alternative
An Experimental Investigation of Dry-Out with R- Refrigerants, technicaldata bulletin7(3), ASHRAE,
22 Evaporating in a Horizontal Tube, Transac. pages 1-9, October 1991 (9 pages with 15 figures

I ttons, American Society of Heating, Refrigerating, and 2 tables, RDB2612)and Air-ConditioningEngineers(ASHRAE),Atlanta,
GA,volume 85, part 2, 1979 (RDB3321) S.J. Ecketsand M. B. Pate (Iowa State University

of Science and Technology), Evaporation and

i S. Chongrungreongand H. J. Sauer,Jr. (University Condensation of HFC-1341 and CFC-12 in
a

of Missouri at Rolla), Nucleate Boiling Parlor. Smooth Tube and a Micro-Fin Tube, Trans.
mance of Refrigerants and Refrigerant 011Mix- actions, Amedcan Society of Heating, Refrig-

i turea, Journal of Heat Transfer, American Society erating,and Air-ConditioningEngineers (ASHRAE),of Mechanical Engineers (ASME), New York, NY, Atlanta,GA, volume97, part 2, 1991; republishedin
volume 102, number 4, pages701-704, 1980 (RDB. Alternative Refrigerants, technicaldata bulletin7(3),
2401) ASHRAE, pages 10-20, October 1991 (11 pages

i with 14figuresand 7 tables, RDB2613)
J. C. Conklinand E. A. Vineyard (Oak Ridge Na-
tional Laboratory, ORNL), Flow Boiling Enhance- S.J. Eckelsand M. B. Pate (Iowa State University
ment of R-22 and a Nonazeotroplc Mixture Using of Science and Technology), An Experimental

i Perforated Foils, paper BA-92-4-3 (Annual Meet- Comparison of Condenution Heat Transfer Co-lng, Baltimore, MD, June 1992), Transactions, efficlenteforHFC.134aendCFC.12,1ntemational
AmericanSociety of Heating, Refdgerating,andAir- Journal of Refrigeration, Pads, France, volume 13,
Conditioning Engineers (ASHRAE), Atlanta, GA, number 11, November 1990; republished in Pro.

I I volume 98, part 2, pages 402-410, 1992 (9 pages ceedings of the 1990 USNC/IIR-Purdue Refrigera.with 12figures,RDB2611) tion Conference and ASHRAE.Purdue CFC Confer-
ence, edited by D. R.Tree, Purdue University,West

J. C. Conklin (Oak Ridge National Laboratory, Lafayette,IN, July 1990(RDB2238)

i ORNL) and E. Granryd (Royal Instituteof Technol.ogy, Sweden), Thermal Performance Analysis for S.J. Eckels and M. B. Pate (Iowa State University
Heat Exchangerl Having • Variable Overall Heat of Scienceand Technology), A Comparison of R-
Transfer Coefficient, paper 91-WA-NE-7 (ASME 134o and R-12 In.Tube Heat Transfer Coeffl-

I Winter AnnualMeeting, Atlanta,GA), AmericanSo- clents Based on Existing Correlations, CFCAlter.clety of Mechanical Engineers(ASME), New York, natives, technicaldata bulletin6(1), AmedcanSoci-
NY, December 1991 (6 pages with 5 figuresand 4 ety of Heating, Refrigerating,and Air-Conditioning
rabies,RDB2341) Engineers (ASHRAE), Atlanta, GA, pages 25-34,

I republished Transactions, American
June 1990; in

J. C. Conklinand E. A. Vineyard (Oak Ridge Na. Society of Heating, Refrigerating, and Air-Con-
tional Laboratory, ORNL), Tubeside Condense- ditioningEngineers,Atlanta,GA,volume 96, part 1,

i tlon of Nonazeotroplc Refrigerant Mlxtures for 1990 (10 pages with 16 figuresand 2 tables, RDB-Two Enhanced Surfaces, Proceedings of the 2239)
ASME/JSME Thermal Engineering Joint Confer-
ence, Amedcan Society of Mechanical Engineers

I (ASME), New York, NY, USA,Japan Societyof Me-

i [ please see pages 5-8 for ordering information
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D. Gorenflo, P. Blain,G. Herres, W. Rort, H. Sch_ tional Heat transfer Conference, San Diego, CA),
mann, and P. Sokol (Univers_t Paderborn, Ger- edited by M. B. Pate and M. K. Jensen, American i
many), Heat Transfer at Pool Boiling of Mixtures Society of Mechanical Engineers (ASME), New
with R22 and Rl14, International Journal of Re. York,NY, Heat TransferDivisionvolume 202, pages •
frigeration, Paris, France, volume 11, number 7, 127-132, August 1992 (6 pages with 12 figures, I
pages 257-263, July 1988 (7 pages with 9 figures availablefrom JMC as RDB2902)

and 2 tables,RDB3449) This paper comparesthe boilingperformanceof
R-22 for two tubes, one smooth and one with i

E. Granryd (Royal Institute of Technology, Swe- corrugated (also called spirally indented) heat
den), Heat Transfer in Flow Evaporation of Non- transferenhancement. The investigationserves
azeotropic Refrigerant Mixtures- a Theoretical as the refe_'ence case for future work on
Approach, paper 251, proceedings of the XVIIIth i
InternationalCongress of Refrigeration(Montreal, zeotroptcmixtures. The experimentalapparatusand instrumentationare described; the former II
Qu(_bec, Canada, August 1991), International In- comprises a variaL_,-speedcompressor, 'vad.

of Refrigeration,Paris, France, August 1991 able-odfice flow-meteringdevice, and two sets,,ooro ofcoun,owconco°,r,oxcno l
erswith differenttube-side surfaces. The mea- n

E. Granryd(RoyalInstitute of Technology,Sweden) surementsreflect use of an alkylbenzene lubrl-
and J. C. Conklin (Oak Ridge National Laboratory, cant, with an estimated circulationconcentra.
ORNL), Thermal Performance Analysis for Heat I
Exchangers Using Nonazeotroplc Refrigerant tlon of the order of 1%. Two temperaturelevelswere Investigated,corresponding to those for

m

Mixtures, Heat Transfer in Advanced Energy Sys- the heating and co(_ing modes of air-source
terns, American Society of Mechanical Engineers heat pumpsat standard ratingconditions. The i
(ASME), New York, NY, Heat Transfer Divisionvol. measured heat transfer coefficient (HTC) for
ume 151 and Advanced Energy Systems Division evaporationis compared to predictions,based

II

volume 18, pages 25-32, November 1990 (8 pages on corre_ationsfrom prior studies.HTC is then
with 10 figures, RDB2330) plotted versusheat flux and quality; both HTC

andpressuredrop are plottedagainst mass flux. i
N. S. Gupte (Carder Corporation)and R. L. Webb The paper concludes that the corrugated tube
(Pennsylvania State University), Convective Va- geometry does enhance heat transfer over a
porlzatlon of Refrlgerants In Tube Banks, paper wide range of mass and heat fluxes, with the i
BA-92-4-4 (Annual Meeting, Baltimore,MD, June mostsignificantIncreaseoccurringat low quail-
1992), Transactions, American Society of Heatlng, ties. The paper discussessuppression of nu-

i

Refrigerating, and Alr-Conditlonlng Engineers cleate boiling In the corrugated tube at lower

(ASHRAE),Atlanta, GA, volume 98, part 2, pages massfluxes;it suggeststhat evaporatordesigns I411-424, 1992 (14 pages with27 figuresand 2 ta- be split to use corrugated tubes where the heat
hies,RDB2607) transfer is highest, at low qualities, and some

other qeometry for the intermediate and high •
S. Ha (GotdstarCompany Limited,Korea)and A.E. quality,egions.
Bergles (RensselaerPolytechnicInstitute),The In- R

fluence of Oil on Local Evaporation Heat Trans- D.W. Hughes, J. T. McMullan, K. A. Mawhinney,
fer Inside a Micro-Fin Tube, paper CH-93-14-5 and R. Morgan, Influence of 011 on Evaporator lE
(WinterMeeting,Chicago,IL, January1993), Trans. Heat Transfer (Results for R-12 and Shell Ck=vus
actions, American Society of Heating, Refrigerat- 68), /nternationa/ Journal of Refrigeration, Pads

i
ing, and Air-Conditioning Engineers(ASHRAE),At. France, volume 7, number 3, pages 150-158, May
lanta,GA, volume99, part 1, 1993 inpublication(12 1984 (10 pages,RDB0923) IBpageswith 17 figuresand 1 table, RDB3113)

Experimentsto investigate the Influenceof Iu- II
D. L Hinton (Tennessee State University), J.C. bricatingollon heat transferand refrigerantflow
Conklin, and E. A. Vineyard (Oak Ridge National in evaporators are described. R-12 and Shell •
Laboratory,ORNL), Evaporation of sn R143a and Clavus68 oil were used. Effortswere made to I
R124 NARM Inside Smooth and Corrugated model actual operation as closely as possible.
Tubes, paper 92-WA/HT-5, Amedcan Society of The oil was found to have a significanteffecton
Mechanical Engineers (ASME), New York, NY, refrigerantflow and pressure drop. Measure- nn
November 1992 (6 pageswith8 figures,RDB3339) ments made on the heat transfer coefficientin- Rdicated that the oil had different effects de-
D. L. Hinton (Tennessee State University), J.C. pendingon the fluidflow regime. No effectwas
Conklin, and E. A. Vineyard (Oak Ridge National apparent for annular-waw regtmes, but the i
Laboratory, ORNL), Evaporation Characteristics presence of oil significantlyreduced the heat i
of R-22 Flowing Inside a Corrugated Tube, En. transfercoefficientfor annular-filmflows.
hanced Heat Transfer (proceedingsof the 28rh Na-

I

I
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I D. L Jackrnan and Jensen, were as much as 36% lower than
M. K. Nucleate Pool coefficients

Boiling of Refrigerant.Oil Mixtures, paper 82- the weighted average of the components for
WA/HT-45, American Society of Mechanical Engi- mixtures in the convective region. The study

I neers (ASME), New York, NY, 1982 (RDB2403) attributesthis reductionto observeddifferencesin composition in the annular liquid film for
D. Jung and R. Radermacher (Universityof Mary- mixtures with large difference in component
land), Prediction of Heat Transfer Coefficients=of volatilitles,such .asR-22/I 14. An approach is

I Various Refrlgerent_ During Evaporation, paper proposed to account for mixtureeffects based3492, Transactions, American Society of Heating, on phase-equilibriuminformation.
Refrigerating, and Air-Conditioning Engineers
(ASHRAE),Atlanta,GA, volume 97, part 2, pages M.A. K,_lzierskiand M. P. Kaul, Horizontal Nucle-

I 48-53, 1991 (6 pages with 7 figures and 3 tables, ate Flow Boiling Heat Transfer Coefficient Mea-RDB2347) surement_ and Visual Observations for R12,
R134a, and R134a/Ester Lubricant Mixtures, re-

i D. Jung (Universityof Maryland), M. O. McLinden port NISTIR 5144, National Institute of Standards
(National Institute of Standards and Technology, and Technology, Gaithersburg, MD, March 1993
NIST), R. Radermacher (University of Maryland), (36 pages with 10 figures and 1 table, available
and D. A. Dicllon(NIST), A Study of Flow-Boiling fromNTIS, RDB3418)

i Heat Transfer with Refrigerant Mixtures, Interna. This report presentsa calorimetricand visualin-tiona/Jouma/of Heat and Mass Transfer, volume vestigationof nucleateflow boilingof R-12 and
32, number 9, pages 1751.1764, September 1989 R-134a inside horizontal tubes. Mixturesof R-
(RDB2348) 134a with 0.9% potyol ester lubricant (Castrol

I Icematic(R)SWIO0) and 0.9 and 2.3% neopentylD. Jung (Universityof Maryland),M. O. McUnden polyol ester (ICI Emkarate(TM)213b, a develop-
(National Institute of Standards and Technology, mental lubricant) also were Investigated. The
NIST), R. Radermacher (University of Marytand), report documents both calorimetricmeasure-

I and D. A. Dldion (NIST), Horizontal Flow Boiling mentsof the local two-phaseheat transfercoef-Heat Transfer Experiments with a Mixture of R- ficientsand simultaneousvisual measurements,
22/R-114, /nternationa/Journa/of Heat and Ma,'s usinghigh-speedphotography. Derived bubble
Transfer, volume 32, pages 131-145, 1989 (RDS- diametersanddensities are presented. The test

I 2903) instrumentation and
apparatus, procedures,
calorimetricand visual results are described.

D. Jung (National Institute of Standards and Plots are provided of the heat transfer coeffi-

i Technology, NIST), Horizontal-Flow Boiling Heat cient measurementsfor a range of heat fluxes
Transfer Using Refrlgerant Mixtures, report ER-
6364, Electric Power Research Institute (EPRI), for Reynolds,numbers of zero to approachingI0,000. Good agreement wasachievedwiththe
PaloAlto, CA, May 1989 (236 pageswi_n62 figures, Borlshanskll-Mlnchenkoequatlon. For both R-

f 14 tables,and two appendices,RDB2BO_! 12 and R-134a, an increase in either the heatThis report documents a study of horizontal, flux or Reynolds number of the flow increases ;
conve_::ive,boiling heat transfer, Includingex- the heat transfer coefficient,though the former
perimentsto ,neasure two-phase heat transfer has a larger effect. Visual observationsof the

I coefficientsof refrigerantmixtures. The report bubbledensityand size are used tc _xplainthereviews the properties of mixtures, including heattransfertrends. Fasterbubble formationby
those unique to azeotropes, and associated R-134a correlated with superior heat transfer.
heat transfer, lt then describes experimc:,tal The authors offera probableexplanationfor ob-

i apparatus designed to simulate evaporator servedheat transferenhancementof neopentyteconditions in heat pump and refrigerationsys- pollyolester mixtureover pure R-134a. They at-
terns. Measur_,'_nt approachesare presented tribute ltto cancelingeffectsof drasticreduction
both for heat tra_,sferand compositiondetermi- in bubble diametersand significantIncreasein

I nation. Measureddata are summarizedforzeo- site density. Boilingappeared to occur from Iu-tropic mixtures of R.12 and R-114, both an bricant-rtchclouds,acting like porous surfaces,
azeotropicand zeotroptc mixture,,,R-12 and R- on the heaterportionof the tube.

I 152a, and _heirpure components for ranges of
heat flux and mass flow rates. Differences in M. A. Kedzlerski, Simultaneous Visual and
bubble growth are discussedbetween pureand Calorimetric Measurements of R-11, R-123, and
mixed fluids. The results indicate two distinct R.123/Alkylbenzene Nucleate Flow Boiling, re-

i regions of heat transfer, namely partial boiling port NISTIR 4948, National Institute of Standardsand convective evaporation, the former gov- and Technology, Gaithersburg, MD, October 1992
erned by suppressionof nucleate boiling. The (60 pages with 50 figures and 2 tables, available
report re, ews analyticalstudiesto predict the fromNTIS at pricecode AO4,RDB2B07)

I transitionquality. Measured,local heat transfer

" i I please see pages 5-8 for ordering information [
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n

J. Ogata, Y..Iwafujl, Y. Shimada (MitsubishlHeavy Btu/h). Such heat pumpsare used, widely in []
Industries,Umited), and T. Yamazakl (Tokyo Elec- Sweden, to recover heat from exhaust air to m

tric Power Company), Boiling Heat Transfer En- heat service hot water, particularly for large
hancement in Tube.Bundle Evaporators Utilizing mu_tifamilyresidentialbuildings. Heattnp_coeffi- n
Electric Field Effects, paper BA-92-5-2 (Annual clents of performance (COPs), capacities, and U
Meeting,Baltimore,MD, June 1992), Transactions, local heat transfer coefficientsin the evaporator
AmericanSocietyof Heating, Refdgerating,and Air- are compared to those for R-12. Data for R-
Conditioning Engineers (ASHRAE), Atlanta, GA, 22/R-152a/R-124 (36/24/40) and two blends of n

I volume98, part 2, pages 435-444, 1992 (10 pages R-22/R-142b (45/55 and 60/40) are plotted and li
with 10figures and 3 tables, RDB2609) discussed. Theexperimentsindicate that use of

these zeotropic mixturescan increase both the
M. M. Ohadi, R.A. Papar,T. LNg, M. A. Faani,and COP and capacity despite a large reduction in m
R. Radermacher(Universityof Maryland),EHD En- the local heat transfercoefficient.The reduction II
hancement of Shell-Side Boiling Heat Transfer is large with the binary mixtures and is com-
Coefficients of R-123/0il Mixture, paper BA-92-5- pounded by suppression in nucleate boiling,
1 (Annual Meeting, Baltimore, MD, June 1992), also observed by other referenced investiga-
Transactions, AmericanSociety of Heating, Refrig- tions. Boththe experimentalapparatusand an- []
erating,and Air-ConditioningEngineers (ASHRAE), alyttcalmethodsused are described.

t Atlanta, GA, volume 98, part 2, pages 427-434, m
I 1992 (8 pages with 10 figures and 1 table, RDB- S.M. Sami, J. Schnotale (University of Moncton, I2608) New Brunswick,Canada), and J. G. Smale (DuPont

Canada, Incorporated), Pradiction of the Heat
C. Pais and R. L Webb (PennsylvaniaState Univer- Transfer Characteristics of R-22/R-152a/R-114 n
sity), Literature Survey of Pool Boiling on En- and R-22/R-152a/R-124, paper 3602 (Annual |
hanced Surfaces, technical paper 3444, Transac- Meeting, Baltimore,MD, June 1992), Transactions,
tions, American Society of Heating, Refrigerating, AmericanSociety of Heating, Refrigerating,and Air-

and Air-ConditioningEngineers(ASHRAE),Atlanta, Conditioning Engineers (ASHRAE), Atlanta, GA,
GA,volume97, part 1, 1991 (RDB2405) I volume98, part 2, pages 51-58, 1992 (8 pages with []

10 figuresand 1 table, RDB2601)
M. B. Pate, Evaporation and Condensation Heat
Transfer Coefficients for HCFC-124/HCFC- L M. Schlager, M. B. Pate, and A. E. Bergles,011 n
22/HFC-152a, Proceedings of the 1990 USNC/IIR- Quantity Measurements in Smooth and Micro,. II
Purdue Refrigeration Conference and ASHRAE- Fin Tubes During Evaporation and Condensa-
Purdue CFC Conference, edited by D. R. Tree, tion of Refrigerant-Oil Mixturatl (RP-469), Trans-
Purdue University, West Lafayette, IN, July 1990 actions, American Society of Heating, Refrigerat- []
(RDB2240) lng, and Air-ConditioningEngineers(ASHRAE),At- II

lanta, GA, volume 97, part 1, 1990 (RDB2241)
R.A. Papar, M. M. Ohadi,A. Kumar,and A. I. Ansari
(University of Maryland), Effect of Electrode Ge- !.. M. Schlager,M. B. Pate,and A. E. Bergles,Per-
ometry on EHD-Enhanced Boiling of R-123/011 formance Predictions of Refrigerant-Oil Mixtures []
Mixture, paper CH-93-14-4 (WinterMeeting, Chica- in Smooth and Internally Finned Tubes, 2 pa-
go, IL, January 1993), Transactions, American So- pers, Transactions, Amedcan Society of Heating, =,,,
cietyof Heating, Refrigerating,and Air-Conditioning Refrigerating, and Air-Conditioning Engineers IEngineers (ASHRAE), Atlanta, GA, volume 99, part (ASHRAE), Atlanta, GA, volume 96, part 1, 1990
1, 1993 in publication (11 pages with 5 figures, (RDB2242)

RDB3112) UL M. Schlager,M. B. Pate, and A. E. Bergles, Per-
P. Rohlin (The Royal Instituteof Technology,Swe- formance of Micro-Fin Tubes with Refrigerant 22
den), Coefficients of Performance and Local [R-22] and 011Mixtures, ASHRAE Journal, Ameri-
Heat Transfer Coefficients for Flow Boiling In= can Society of Heating, Refrigerating,and Air-Con- n
side Horizontal Tubes with Nonazeotropic Re- ditioningEngineers (ASHRAE),Atlanta, GA, pages n
frigerant Mixtures In • Small Exhaust Air Heat 17-28, November 1989 (RDB2243)
Pump, Proceedings of the 1992 International Re-
frigeration Conference - Energy Efficiency and L M. Schlager,M. B. Pate,and A. E. Bergles,Heat []
New Refrigerants, edited by D. R. Tree and J.E. Transfer and Pressure Drop During Evaporation II
Braun, Purdue University, West Lafayette, IN, vol- and Condensation of R-22 in Horizontal Micro-
ume 1, pages 157-166, July 1992 (10 pages with 8 Fin Tubes, International Journal of Refrigeration,
figuresand 1 table, RDB2717) Paris France, volume 12, number 1, pages 6-14, []

Test resultsare presented for three refrigerant January 1989 (9 pages,RDB2244)
mm

blends in an exhaust-air heat pump, with a
heating capacity of 1050-1450 W (3600-4950 mm

m

I
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I M. M.B. Pate, and A.E. Heat to of
L Schlager, Bergles, pared pure re_lgerants, 0.53, 0.31, 2.78,
Transfer and Pressure Drop Performance of 0.19, and 0.33 °C (0.95, 0.55, 5.00, 0.35, and
Smooth and internally Finned Tubes with 011 0.60 °F) for mixtureswith 1.5%lubricantfor R-12

i and Refrigerant 22 [1:1-22]Mlxturea, Transactions, with mineral oil, R-22 with mineral oil, R-134aAmericanSocietyof Heating, Refrigerating,andAir- with mineraloil (nonmiscible),R-134awith PAG,
Conditioning Engineers (ASHRAE), Atlanta, GA, and R-134a with ester, respectively. Additional
volume95, part2, 1989 (RDB2245) penaltiesof 0.17 and 0.39 °C (0.30 and 0.70 °F)

I are reported for mixtures of 0.08 and 0.15%L. M. Schlager, M. B. Pate, and A. E. Bergles, mineral oil with 1.5% ester-based lubricant
Evaporation and Condensation of Refrigerant- above that for the refrigerant-ester mixture
Oil Mixtures in a Low-Fin Tube, Transactions, alone.

I American Societyof Heating, Refrigerating,and Air-Conditioning Engineers (ASHRAE), Atlanta, GA, K. Stephan and M. KOmer(TechnicalUniversityof
volume 94, part 2, pages 1176-1194, 1989 (RDB- Bedin,Germany),Calculation of Heat Transfer for
2343) Vaporizing Binary Mixtures, summarytranslation

i by AlliedSignal Incorporated from German textB. K. Sthapak, H. K. Varrna, and C. P. Gupta, Heat publishedin Chem. lng. Tech., volume 41, number
Transfer Coefficients in the Dry-Out Rngion of ii 7, pages 409-417, 1968; includes notes on the

I Horizontal-Tube, Water-Heated, R-12 Evapora- document prepared by R. R. Singh, AIIiedSignaltor, Transactions, American Society of Heating, Incorporated,22 October 1990 (8 pages with5 fig-
Refrigerating, and Air-Conditioning Engineers urea,availablefromJMC as RDB0905)
(ASHRAE), Atlanta, GA, volume 82, part 2, 1976

I (RDB3320) K. Stephan (Technical University of Bedin, Ger-many), Influence of 011on Heat Transfer of Boil-
M. W. Spatz and J. Zheng (AIIiedSignalIncorpo- ing Refrigerant 12 and Refrigerant 22, Proceed.
rated), An Experimental Evaluation of the Heat ings of the Xlth International Congress of Refriger.

I Transfer Coefficients of R-134a Relative to R-12, ation, Intemational Institute of Refrigeration IIR),Proceedings of the 1990 USNC/IIR-Purdue Refrig. Paris,France, 1963 (RDB3420)
eration Conference and ASHRAE-Purdu_, CFC
Conference, edited by D. R. Tree, Purdue Univer- H. Takamatsu, S. Momoki, and T. Fujii, A Com-

I sity, West Lafayette,IN, pages 225-233, July 1990 parison of Evaporation Heat Transfer Coeffi-(9 pageswith 8 figures,RDB0501) clents and Pressure Drop in a Smooth tube for
HFC-134a and CFC-12, Proceedings of the XVillth

K. E. Sterner,Summary of Pool Boiling Test Re- International Congress of Refrigeration (Montreal,

I suits for R-134a, R-22, and R-12 with Oils, York Quebec, Canada, August 1991), International In-InternationalCorporation,York, PA, 22 July 1992 (1 stitute of Refdgeration, Pads, France, volume II,
page, availablefromJMC as RDB2808) pages444-448, August1991 (5 pages,RDB3419)

i This document summarizestests to compareheat transfer characteristicsof R-12, R-22, and K.Torikoshi,K. Kawabata,and T. Ebisu (Daikin In- ..
R-134a, with and without lubricants,for Wolver- dustrles,Limited, Japan), Heat Transfer and Prea-
ine Turbo-B(R)enhanced-surface tubes. Turbo- sure Drop Characteristics of HFC.134a in a

I B(R)tube is enhanced on both the inside and Horizontal Heat Transfer Tube, Proceedings ofoutside surfaces to increase the overall heat the 1992 International Refrigeration Conference-
transfercoefficient;its pdmary use is as a boil- Energy Efficiency and New Refrigerants, edited by
ing tube for evaporators in chillers. Quantitative D.R. Tree and J. E. Braun,PurdueUniversity,West

i Lafayette, IN, volume 1, pages 167-176, July 1992results are presented for a heat flux of 17.3 (10 pageswith 15figuresand 1 table, RDB2718)kW/m2 (5500 Btu/h.ft2) t=ornominal 19 mm

(3/4") outside-diametertu_i.n a 60 cm (2'), 8- R.L. Webb and W. F. McQuade (Pennsylvaniatube bundle at 4.4 °C (40 Differencesare

I presentedbetween thewall temperatureandthe State University),Pool Boiling of R-11 and R-123refrigerantsaturationtemperature at the mea- Oil-Refrigerant Mixtures on Plain and Enhanced
suredpressure. Resultsare compared between Tube Geometrise, paper CH-93-14-3 (WinterMeet-
refdgerant-lubdcantmixtures,with 1.5% mineral ing, Chicago, IL, January 1993), Transactions,

I and those for AmericanSociety of Heating, Refrigerating,and Air-OilAdditionalbYvolume,dataare providedpureforR-134arefrigerantS'withConditioning Engineers (ASHRAE), Atlanta, GA,
miscible lubricants, including an unidentified volume 99, part 1, 1993 in publication(12 pages

i polyalkyleneglycol (PAG) _:ndester. For pure with 18figuresand 4 tables, RDB3111)refrigerants, the measured temperature differ-
ence is 0.14 °C (0.25 oF)lower for R-22 and0.06 R.L. Webb and C. Pais (PennsylvaniaStateUniver-
°C (0.1 higherfor R-12 compared to that foroF) sity), Nucleate Pool Boiling Data for Five Refrig-erants on Three Tube Geometries, technical pa-

H R-134a. The document reports penalties,com-

a t please sea pages5-8 for orderinginformationi
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per 3443, Transactions, Amedcan Society of Heat- Condensing Refrigerants in Horizontal and In- i
ing, Refrigerating,and Air-ConditioningEngineers cllned Tubes, research project 1-RP, American m
(ASHRAE), Atlanta, GA, volume 97, part 1, 1991 Society of Heating, Refrigerating,and Air-Condi-
(RDB2404) tloning Engineers (ASHRAE), AHanta, GA, April

1966 (ASH0001) !
J. G. Withers and E. P. Halxlas (UOP Wolverine This research developed correlations for heat
Tube Division), Heat Transfer Characteristics of transfer in smooth tubes, both horizontaland

Helical-Corrugated Tubes for Intube Boiling of inclined,for condensingof R-12. Annular,dis-
Refrigerant R-12, AIChE SymposiumSeries 138, parsed and annular-dispersed,and wave and II
American Instituteof Chemical Engineers(AIChE), wave-annularflow regimeswere identified. The
New York, NY, volume 70, pages 98-106, 1974 (9 heat transferequationsdeveloped are appllca-
pageswith 13 flguresand 1 table, RDB2904) ble to condensation within the annular-flow i

This paper reviewsexperimental measurements regime. The contractor for the project was II
of heat transfer in copper, helical-corrugated KansasState University,led by R. G. Nevins; it
tubes for full vaporizationof oil-freeR-12. The was sponsored by ASHRAE Technical Com- .,
experimentalapparatus and procedure as well mtttee1.3,Heat Transferand Fluid Row. Ias the data reductionmethodsaredescribed. A
series of runs to determine the optimum tube Experimental Dstermination of Heat Transfer in
configuration,leadingto a geometricalcharac- Water-Cooled Co.denser= and Direct Expansion BI
terizing parameter referredto as the severity,is Water Coolers Using Brazed Plate Heat Ex- I
outlined. The boilingcapacity of the tube, log- changers, proposed research project 752-TRP,
mean temperaturedifference (LMTD), pressure AmericanSocietyof Heating, Refrigerating,andAir-
drop, and average inside heat transfer coeffi- ConditioningEngineers(ASHRAE),Atlanta,GA, in i
cient (HTC) are plotted as functions of the planning(ASH0752) II
severity. Heat transfer and pressure-dropdata This projectwilldetermineaverageheattransfer
are presentedfor selected corrugatedtubes for coefficientsfor R-22and R-134a for counterflow

convective boiling at -1 to 10 °C (30 to 50 °F). plate heat exchangers. Two or more commer- I
The study found that Integral, internal helical cially-available,brazed-plate heat exchangers m

ridging enabled doubling or tdpling of the in- will be tested. Heat transfercoefficientswill be
tube heat transfer compared to that for plain measuredfor the refrigerantsfor condensingat

tubes. The internalconfigurationenabled an in- 41 °C (105 °F) and evaporating at 2 °C (35 oF). icrease of up to 200% over the peak (bum-out) Water-sidecoefficientsalso will be determined. i

heat flux. The externalconfigurationof the cor- The coefficientsand associated pressuredrops
rugatedtubesalsodoubled the water-side HTC, will be presentedas functionsof the mass flow
with concentrictube arrangements,by increas- rates,which willbe varied over the full range of
ingthe turbulenceof thewater intheannulus, commercial applications. Superheating and IZ

subcoolingeffectsalsowill be investigated.The
A. Yabe, T. Taketani (Mechanical EngineeringLab- overall goal is to provide basic informationto i
oratory, Japan), H. Maki, K. Takahashi, and Y. permit potentialusers to evaluatecounterflow, II
Nakadai (Universityof Tokyo, Japan), Experimen- brazed-plate heat exchangers as refrigerant
tal Study of Electrohydrodynamlcally (EHD) En- evaporatorsand condensers. This project is
hanced Evaporator for Nonazeotropic Mixtures, sponsored by ASHRAE Technical Committee
paper BA-92-5-4 (Annual Meeting, Baltimore,MD, 8.5, Liquid to Refrigerant Heat Exchangers. i
June 1992), Transactions, American Society of Proposalswere due at ASHRAE Headquarters
Heating, Refdgerating,and Air-ConditioningEngi- on 1 June 1992and are being evaluated;further

nears (ASHRAE), Atlanta, GA, volume 98, part 2, informationis availablefrom the ASHRAEMan- I
I pages 455-461, 1992 (6 pageswith 10figures,RDB- ager of Research(+ 1.404/636-8500). m

2610)
Experimental Determination of the Effect of Oil

S. Yoshida,T. Matsunaga,H-P. Hong, and M. Miya- BIon Heat Transfer in Flooded Evaporators with
zaki (KyushuUniversity,Japan), An Experimental Refrigerants HCFC-123, HFC-134a, and HCFC- i
Investigation of 011Influence on HeatTransfer to 22, research project 751-RP, American Society of
a Refrigerant inside Horizontal Evaporator Heating, Refrigerating,and Air-ConditioningEngi-
Tubes, Transactions of the Japanese Society of j neers (ASHRAE), Atlanta, GA, 1993 - ongoing J
MechanicalEngineers(JSME),series B,volume 55, (ASH0751)
number513, pages 1410-1416, 1989 (in Japanese);
republishedinHeat Transfer - Japanese Research, This project will determine average shell-side
Scripta Technica, Incorporated (Wiley Company), boilingcoefficientsfor R-22, R-123, and R-134a I
volume20, number 2, pages 113-129,May 1991 (in with compatible lubricants for finned and en- mm

English, 17 pages with 14 figures,RDB2905) hanced tube surfaces,as used in flooded evap-
orators. The work will expand on that ad-

l

I
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I dressed In ASHRAE392.RP, by coveringthe in- Heat Transfer and Fluid Flow Study of Ammoniafluencesof the lubricants. Heat flux, mass flux, Spray Evaporators, research project 725-RP,
and vapor quality will cover typical conditions AmericanSocietyof Heating, Refrigerating,andAir.
for air conditioningand refrigerationfor lubd- Conditioning Engineers (ASHRAE), Atlanta, GA,

I cant concentrations of 0-10% at evaporator April1992- April1994(ASH0725)
I temperaturesof approximately4 °C (40°F). The This researchaddressesheat transfer and fluidcontractor Is the Northern IllinoisUniversity;lt Is flow for ammonia in falling-rUm(spray) evapo-

sponsored by ASHRAE Technical Committee ratorswith horizontaltubes. The work Includes

I performanceof a literaturesearch,experimental
8.5, Liquid toRefrigerant Heat Exchangers.

measurementof heat transfer on both single
Experimental Determination of Shell-Side Con- tubes and tube bundles. Both plain and en-
denser Bundle Heat Transfer Deslgn Factors for hancedtube surfaceswill addressedundervar-

I led temperatureand flow to determinethe opti-
Refrlgerante R-123 arid R.134a, research project
678-RP,Amedcan Socletyof Heatlng, Refdgeratlng,
and Alr-ConditlonlngEnglnears(ASHRAE),Atlanta, mum condltlons. Correlations or charts wallbedevelopedfor use in heat exchangerdesign. A

I GA,June 1991 - December 1993 (ASH0676) goal is to enabledesign of equipment for com-This research will determine the heat transfer fort cooling using reduced Inventoriesof am-
coefficients(HTC) for R-123 and R-134a in con- monia. An overall goal Is to provide basic in-
densers for the refrigerant-side (outside) of formationto permit potential users to evaluate

I tubes. Umited measurementsalso willbe made counterflow, brazed-plate heat exchangers asfor R-11and R-12 for compaflson. Fouror more refrigerant evaporators and condensers. The
different geometries for tube bundles, with at contractorfor the project is the Texas Techno-
least two finned and two enhancedtubestypes, logical University,led by M-C. Chyu; lt is spon.

I will be examined Correlationsor chartswill be sored by ASHRAE Technical Committea 1.3,developed for use in heat exchanger design. Heat Transfer and Fluid Flow.
The Contractorfor the projectis Iowa State Uni-

i versityof Scienceand Technologyled by M.B. Heat Transfer and-Pressure Drop During Con.Pate; it Is sponsored by ASHRAE Technical denutlon and Evaporation of R-134a/Oil Mix.
Committee 8.5, L/quid-to.Refrigerant Heat Ex- turee In Smooth and Micro-Fin Tubes, research
changers, project 630-RP, Amedcan Society of Heating, Re-

frtgeratlng,and Air-ConditioningEngineers (ASH-Heat Transfer and Fluid Flow In Spray Evapora- RAE), Atlanta, GA, April 1990 - November 1992
tort with Application to Reducing Refrigerant In- (ASH0630)

ventory, research project 668-RP, AmericanSoci- This project is investigatingheat transfer and

I ety of Heating, Refrigerating,and Air-Conditioning pressuredrop for in-tube evaporationand con-Engineers(ASHRAE),Atlanta, GA, June 1991 - De- densationfor R.134a. The effects of lubricants
cember 1993 (ASH0668) alsowill be examined. Existingcorrelationswill

This researchaddresses the heat transfer and be evaluated and modified. The contractor for

I fluid flow for R-22, R-123, and R-134a in falling- the project is Iowa State Universityof Sciencefilm (spray) evaporators with horizontaltubes, and Technologyled by M. B. Pate; lt is spon-
The work Includes performance of a literature sored by ASHRAE Technical Committee 1.3,
search, experimental measurement of heat Heat Transferand Fluid Row.

I transferon both singletubesand tube bundles.
Both plain and enhanced tube surfaceswill sd- Heat Transfer and Pressure Drop in the Dry-Out
dressed under varied temperature and flow to Region of In-Tube Evaporation with Refrigerant-
determinethe optimumconditions.Correlations Lubricant Mixtures, proposed research project

I or charts will be developed for use in heat ex- 800-TRP, AmedcanSociety of Heating, Refdgerat.
changer deign. A goal is to enable design of ing,Air-ConditioningEngineers(ASHRAE),Atlanta,
equipment for comfort cooling using reduced GA, inplanning(ASH0800)

I inventoriesof refrigerants. An overallgoal isto This researchwill focus on heat transfer in theprovide leak: Information to permit potential finalstage of in-tubeevaporation,where the an-
usersto evaluate counterflow,brazed-plateheat nular liquidfilm thins and ddes out. The work
exchangersas refrigerantevaporatorsand con- willformulate a generalized heat transfercoeffi-

I densers. The contractor for the project is Iowa in this where significant
clent dry-out region,

State University of Scienceand Technologyled area is requiredto achievedesired levelsof su-
by M. B. Pate; it is sponsoredbyASHRAETech- perheatlng. Unusualbehavior or refrigerant-lu-

i nical Committee 1.3, Heat Transfer and Fluid bricant mixturesalso may occur in this region.Row. Heat transfer and pressure drop will be mea-
sured in both smoothand enhanced tubeswith
R-22 and R-134a, or an appropriatealternative,

!
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as a function of lubricant content. Mixtures Oil Quantity Measurements In Smooth and Mi- i
containing 0, 1, 2, 3, and 5% lubrk:antwill be cro.Fin Tubes During Evaporation and Conden- m
tested, for conditionsdeterminedthrough a lit- sation in Refrigerant-Oil Mlxtur_, research pro-
erature search and examination of the energy ject 469-RP,AmericanSociety of Heating, Refrtger.
transfer process In qualities exceeding 90%. ating, and Air-ConditioningEngineers (ASHRAE), m
This project is sponsoredby ASHRAETechnical Atlanta,GA (ASH0469) gR

Committee 1.3, Heat Transfer and Fluid Flow. The contractorwas Iowa State Universityof Sci-
Proposalsare due at ASHRAEHeadquarterson ence andTechnologyled'by M. B. Pate. i28 May 1993; further information is available n
from the ASHRAE Manager of Research (+ 1- Heat Transfer and Fluid Flow In a Finned-Tube
404/636-8500) Flooded Evaporator, research project 392-RP,

AmericanSocietyof Heating, Refrigerating,and Air- I
Heat Transfer Rates from a Submerged Rotating Conditioning Engineers (ASHRAE), Atlanta, GA, m
Cylindrical Heater to an Evaporating Fluid, re- phase II1: September 1989 - October 1992 (ASH-
searchproject 14-RP,AmericanSociety of Heating, 0392)
Refrigerating, and Air-Conditioning Engineers n
(ASHRAE),Atlanta,GA,July 1962-July 1963 (ASH- The objective of this project is to develop data lE
0014) tO improve designs of flooded evaporators.

Heat transfer coefficientsare being measured

The contractorfor the projectwas the University for different finned-tube geometries. The first I
of Kentucky,led by M. Baker;it was sponsored two phases entaileda literaturesearch and sd- II
by ASHRAE Technical Committee 1.3, Heat dressed modellingand simulation,respectively.
Transfer and Fluid FIow. Phase III is collecting and analyzing data on

pool and forced-convection boiling. The con- n
Performance of Turbo-B(R) Enhanced Boiling tractor is PennsylvaniaState University, led by a
Tubes in CFC-11 and HCFC-123, E. I. DuPontde R. L Webb and C. Pais; it is sponsored byASH-
Nemoursand Company, Incorporated,Wilmington, RAETechnicalCommittee 8.5, Liquid to Refrig-
DE, and Wolverine Tube, Incorporated, Decatur, erant Heat Exchangers. [see RDB2404 and m
AL, 17 December 1990 (9 pages with 2 figuresand RDB2405for findings] I
2 tables,availablefrom JMC as RDBOC02)

This document comparesthe performanceof a la
commercially-available,enhanced heat transfer Itube with R-11 and R-123. By varyingthe tem-
perature of water flowingthrough a tube posi- PIDOSizing and Flow
tioned in a refrigerant bath, the overall heat ml
transfercoefficientand heat fluxcapabilityof the T. Atwood (AllledSIgnalIncorporated),Pipe Sizing
copper tube weredetermined. Tabulardata and and Pressure Drop Calculations for HFC-134a,

U
overall heat transfer coefficient and heat flux ASHRAEJournal, AmericanSociety of Heating,Re-

frigerating,and Air-ConditioningEngineers (ASH-

plots are presented. The heat transfer coeffi- RAE), Atlanta, GA, pages 62-66, April 1990 (5 Icient for R-123 was 3-6% lower than that for R- pages, RDB0513)11.

Turbo-B(R)
I. DuPont erasingEngineering, Amedcan Society of Refrtger- I

Performance of Enhanced Boiling N.E. Hopkins,Rating the RestdctorTube, Refrig-

Tubes in CFC-12 and HFC-134a, E. de ating Engineers (ASRE, now merged into the
Nemoursand Company, Incorporated,Wilmington,
DE, and Wolverine Tube, Incorporated, Decatur, AmericanSociety of Heating,Refrigerating,and Air-

AL, 17 December 1990 (6 pages with 2 figuresand Conditioning Engineers, ASHRAE), Atlanta, GA, I2 tables,availablefrom JMC as RDBOC03) pages 1087rf, November 1950(RDB3417)

This document compares the performance of a S.J. Kuehl (Whidpool Corporation) and V. W.
commercially-available,enhanced heat transfer Goldschmidt (Purdue University), Flow of R-22 BI
tube with R.12 and R-134a. Byvarying the tem- Through Short-Tube Restrictors, paper 3603, II
perature of water flowing through a tube po- Transactions, American Society of Heating, Refdg-
sitioned In a refrigerant bath, the overall heat erating,and Air-ConditioningEngineers (ASHRAE),
transfercoefficientand heat fluxcapability of the Atlanta,GA, volume 98, part 2, pages 59-64, June n
copper tube weredetermined. Tabulardata and 1992 (RDB3215) U
overall heat transfer coefficient and heat flux
plots are prei;ented. The heat transfer coeffi- S.J. Kuehland V. W. Goldschmidt(PurdueUniver-
clent for R-134awas 4-30% higher than that for sity),Modeling of Steady Flows of R-22 Through
R-12. Capillary Tubes, Transactions, American Society Ii

of Heating, Refrigerating, and Air-ConditioningEn-

!
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i I gineers (ASHRAE),Atlanta,GA, volume 97, part 1, _ Heating, Rofrigeratlng,and Air-ConditioningEn-pages 139-148, January1991 (RDB3414) I gmeers (ASHRAE), Atlanta, GA, 1993 - ongoingI

(ASH0736)
H. A. Whlteut, Capillary Two-Phase Flow, Pert I,

i Refrigerating Eng/needng, Amedcan Society of This research project will Identify causes andReffigeratingEngineers (ASRE, now merged into consequences of pressure transients,induced
the AmericanSociety of Heating, Refrigerating,and by condensation dudng hot-gas defrost, in re-

frigerantpiping. The undedytnggoal Is to de-
Air-ConditioningEngineers,ASHRAE),Atlanta,GA, velop means to preventtheiroccurrence, either

I pages 42 rf,April1957 (RDB3415) by appropriatedesign or operation. The prob-lem Induces hydraulic shock and vapor-pro-
H. A. Whitesel,Capillary Two-Phase Flow, Part II, palled liquidslugging. The work will involvea

n Refrigerating Engineering, Amedcan Society of literaturesearch, documentationof criticalflowReffigeratingEngineers (ASRE, now merged Into regimes,and analysisof both condensation-in.the AmericanSociety of Heating, Reffigerating,and
duced hydraulic shockand vapor-propelledIiq-

Air-ConditioningEngineers,ASHRAE),Atlanta,GA, I uid slugs. Thecontractor isthe Universityof iiIi.
n pages35 rf,September1957 (RDB3416) nois; it is sponsored by ASHFIAE TechnicalH. Wljaya (AllledSignal Incorporated), Adiabatic Committee10.3, Refrigerant Ptping.

Capillary Tube Test Data for HFC-134a, Pro- Meaauremem of Two.Phase Refrigerant Lkluid-

i ceedings of the 1992 International Refrigeration vapor Malls Flow Rate, researchproject 722-RP,Conference - Energy Efficiency and New Refriger. AmedcanSociety of Heating, Refrigerating,and Air.
ants, edited by D. R. Tree and J. E. Braun,Purdue Conditioning Engineers (ASHRAE), Atlanta, GA,
University,West Lafayette,IN, volume 1, pages 63- Apdl1992 - April1994 (ASH0722)

I 71, July 1992 (9 pages with 9 figuresand 3 tables,RDB2714) The contractor for the project Is McMaster
University,le,.1by M. Shoukd; it is sponsoredby

capillary Tube Performance with Alternative Technical Committee 1.2, Instruments and

I Refrigerants, proposed researchproject 762-TRP, Measurements.AmericanSocietyof Heating,Refrigerating,and Air.
Conditioning Engineers (ASHRAE),Atlanta,GA, In Pressure Drop in Refrigerant Suction Umm st
planning(ASH0762) High Rafrlgerant Flux with 011 In Circulation,

I This projectwilldevelopa methodologyto allow proposed researchproject 731-TRP,Amedcan So-cietyof Heating, Refrigerating,andAir-Conditioning
users to predict refrigerant mass flow rate Engineers(ASHRAE),Atlanta,GA (ASH0731)through a straight, adiabatic capillary tube,

n basedon tube geometry, refrigerantproperties, This researchproject is sponsored by ASHRAEand operating conditions. The goal is a method TechnicalCommittee10.3, Refrigerant Piping.
app!!cable to any refrigerant,singlecomponent
or _,._)nd,to replace existingcharts,developed

I primarilyfor R-12 and R-22. The work will in-clude botha theoreticalanalysisand laboratory RecvcllnQ. Reclamation. and Disoosal
effort to validate the rating method developed. - - -
lt is sponsored by ASHRAETechnical Commit-

I tee 8.8, Refrigerant System Controls and Acces- J' P' Doyle (National Refrigerants,Incorporated,sories. Proposals are due at ASHRAE Head- NRl), Refrigerant Management: Consenting a
quarters by 28 May 1993; furtherInformationis Valuable Resource, Heating/Piping/Air Condi.

tioning, PentonPublishing,Chicago,IL, volume 65,

I available from the ASHRAE Manager of Re. number3, pages 59-62, March 1993 (4 pages withsearch (+ 1-404/636-8500). 2 figuresand 2 tables, RDB3413)

Charge Invm_ Calculations for Evaporating
and Condentlng Refrigerant| Inside Tubes, pro- R.E. Kauffman(Universityof DaytonResearchin-

n stitute), Chemical Analysis and Recycling ofposed researchproject 758-TRP,American Society Used Refrigerant from Field Systems,paper 3555
of Heating, Refrigerating,and Air-ConditioningEn- (RP-601) (Winter Meeting, Anaheim, CA, January
gineers (ASHRAE),Atlanta,GA (ASH0758) 1992), Transactions, Amedcan Society of Heating,

I This researchproject is sponsored by ASHRAE Refrigerating, and Air-Conditioning EngineersTechnical Committee 8.4, Air-to-Refrigerant (ASHRAE),Atlanta,GA, volume 98, part 1, pages
Heat Transfer Equipment. 128.136, 1992 (9 pages with 4 figuresand 1 table,

RDB2429)

I This paper summarizesresearchto identifyand
Fundamental Study of Refrigerant Line Tran-

sients, research project 736-RP,American Society quantify the typicalcontaminant levels in used

I
J I please see pages5-8 for orderinginformationJ
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refrigerants. A total of 39 sampleswere taken deslgned and Identified specifically for these I
from bothnormallyoperatlngand failedalr-con- usesstemsfrom practlcaland safetyconsldera.
dltloning and refrlgeratlng systems. These tlons. The guidelineIdentifiesmandatory federal
samples included R-11 from centrifugalchillers, requirementsin the United States, but it Is nel- i
R-12 from commercial refrigerationsystems,R- theran exhaustivelistingnordoes lt addressIo- II
22 from unitary heat pumps and air condition- cal requirements, lt covers cylinders and ton
ers, and R.502 from low-temperature frozen tanksfor R-12, R-22, R-114, R-500,and R-502 as
food cases. Resultsare summarized for mea- wellas drumsfor R-11and R-113. BI
surement of water content (Karl Fisher tech- I!
nique), acid content (ASTM 664 tests), ion con- Performance of Refrigerant Recovery, Recy.
tent (ion-specific electrode), high-boiling con- cling, and/or Reclaim Equipment, ARI Standard
tent (gravimetrictechnique, gas chromatogra- 740-1991, Air-Conditioningand RefrigerationInsti-
phy, and mass spectrography),particulatecon- tute (ARI),Arlington,VA, 1991 (12 pages,available
tent (direct-current plasma emission spec- from ARIfor $10.50, RDB3104)
trometer and scanning electron microscope),
and volatile Impuritycontent (gas chromatogra- This standard establishesuniform methods of I
phy and mass spectrometry). The contaminant testingfor ratingand evaluatingperformanceof i

equipment for refrigerant recovery, recycling,
levelsfoundexceeded thoseof new refrigerants, and/or reclaim, lt addresses contaminant or

but the types and concentrationsvaried by re- purity levels, capacity, speed, and purge loss, D
fdgerant, apl:dicatlon,and whether a system the last to minimize emission into the atmo- m
burnout had occurred. Laboratory tests evalu- sphereof refrigerants.The standard Is Intended
ated a recycling scheme based on oil separa- for guidance of the industry, Including rnanu-
tion followed by water and acId removal,by an facturers, refrigerant reclaimers, repackagers, i
alumlna/molecular sleve filter/dryer. The pre- distributors,installers,servlcemen,contractors, m
llminarystudyshowedthat thlsrecyclingproce- and consumers. The refdgerants covered In-
dure is effective in removingacids, but has In- clude R-11, R-12, R-13, R-22, R-113, R-114, R-

significant effects on volatile impurities and 500, R-502,and R-503. lt does not applyto zeo- ihigh-boilingresidue. The effects of noncon- tropic mixturesof these or other refrigerants.
densablegaseswere notaddressed. The standard covers general equipment re-

Chemical Analyels and Recycllng of Used Re- qulrements, specifies a standard sample for i
frigerant from Field Systems, research project testing, and outlines test apparatus, lt pre-
601-RP,Amedcan Soclety of Heating, Refdgeratlng, scribesa performancetestlng procedure, sam.

i

and Alr-CondltlonlngEngineers(ASHRAE),Atlanta, pllng and chemlcal analysis methods, perfor-
mance calculationsand rating, tolerances,and i

GA,March 1989- January 1991 (ASH0601) product labeling. The rating sample character- II
This study identified and quantified typlcalcon- IstlcsIncludecontentsof moisture,partlculates,
tamlnant levels in refrigerants from both nor- acids, mineral oli, and noncondenseblegases.
mally operating and failed air-conditioningand Conformancewith the standardisvoluntary,but IB
refrigeratingsystems. These samples included conformancemay not be claimed unlessali re- a
R-11 from centrifugal chillers,R-12 from com- quirementsof the standardare met.
mercial refrigerationsystems,R-22 from unitary
heat pumps and air conditioners,and R-502 Sealed-Tube Testa of Refrigerants from Field •
from low-temperature frozen food cases. The Systems Before and After Recycling, research II
principal investigator was R. E. Kaufmanat the project 683-RP, American Society of Heating, Re-
University of Dayton Research Institute. The frigerating, and Air-ConditioningEngineers (ASH-
project was sponsored by ASHRAE Technical RAE),Atlanta,GA,April1991. ongoing(ASH0683) i

Committee 3.3, Conlaminant Control in Refrig. This project will quantify typical contaminant
erating Systems. [see RDB2429for findings] levelsin refdgerantsafteroHseparation,filtedng,

Containers for Recovered Ruorocarbon Refrlg- and drying, lt also will determinethe effects of Icontaminantsat the concentrationsfound. The
ersnta, ARI GuldellneK-1990, Alr-Condltlonlngand focus ason R.I I from centrifugalchillers, R-12
RefdgeratlonInstitute (ARI),Arlington,VA, 1990 (I0
pages,availablefrom ARI for $15.00, RDB3102) from commerclal refdgeratlon systems, R-22from unitaryheat pumps, and R-502 from low- i

temperaturecommercial refrigerationsystems.This document provides recommendations for i
voluntary use by those who supply,use, store, The work is an extension of ASHRAE research
or transportcontainersfor recoveredfluorocar- project RP-601 and is being performed by the
bon refrigerants, lt Is Intended as a guIde of same contractor,the University of Dayton Re- IB
good practice to facilitate recovery, recycling, search Institute led by R. E. Kaufman. lt is B
and reclamationof refrigerants,to inturn reduce sponsored by ASHRAE Technical Committee
environmentalimpacts. The need forcontainers ,,=

I

I
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I 3.3, Contaminant Control In Refrigerating Sys- I IL volume 65, number4, pages 45-50, April1993 (6terns. I pageswtth5 figures,RDB3458)

n State of Knowlodge Summary of Chlorofluoro- Rotrofittlng CFC.12 Chillers with $uva(R) Coldcarbon Handling Technologloe: Dostruction, MP, document ARTD-26(H-31752), DuPontChemi-
Recycling, and Encapsulation, draft report for cals,Wilmington, DE, undatedcirca 1992 (4 pages
U.S. Department of Energy, E. A. MuellerConsult- with 1 table, availablefrom JMC as RDB3450)

I ing Engineers,Baltimore,MO, May 1989 (65 pages, This bulletin bdefly reviews considerationsforRDB1107) retrofitdecisionsfor chillers,notingthat alterna.

Reducing Emission of Fully Halogenated Chlo- tire refdgerantscannotbe simply"droppedinto"

i frlgEq_ra a system designed for chlorofluorocarbon
rofluorocarbon (CFC) Re nt| In Refrlgorl. (CFC) refdgerants, lt notes that requirements
tion and Air.Conditioning iuipmont Appllca- may range from a minimumeffort, such as lu-
tionl, ASHRAE Guideline 3-1990 plus addendum brlcant replacement, to significa_t changes,

I ASHRAE Guideline 3a-1992, Amedcan Society of such as replacinggears, Impellers,or materials
Heating, Refrigerating,and Air-ConditioningEngi-
nears (ASHRAE), Atlanta, GA, 1990 and 1992 (30 of construction. The document introducesaretrofitprogram, with four chillermanufacturers,
pages with5 tables, RDB2911) to convert large chillersfrom CFCsto alternative

I This guideline covers ali refrigerationand air- refrigerants.A table comparesthe boilingpoint,conditioning equipment and systems that use flammability,toxicity,ozone depletion potential
fully halogenated CFC refrigerants, lt recom- (ODP) and global warming potential (GWP) of
mends practicesand proceduresto reduce in- R-12 and R-134a. The discussionnotes differ-

n advertent release of CFC refrigerantsduring ences betweenthesefluids Includingseparationmanufacture, Installation, testing, operation, of pressures as temperatures drop, a higher
maintenance, and disposal of refrigerationand isentropic head for R.134a, and immiscibility
air-conditioningequipmentand systems, lt also with conventionalmineral oils. The document

n covers refrigerant recovery, recycling, reclaim, then reviews field experience with a 2462 kWand disposal. (700 ton) York International TurboPak(R)cen-
trifugal chillerconvertedto R-134a in 1989 and
an unidentified 300 SUS polyalkygeneglycol

I (PAG) lubricant. Subsequentinspectionsand asecond retrofitting of the drive gear are de-
RetrofitimndConversion scribed, Indicating satisfactoryoperationwith a

I Retrofit Guide,nee for SUVa(R) 134a (Suva(R) decrease in efficiencyof up to 7% and en in-
crease in capacity of up to 9%. The document

Cold MP, document ART-16 (H-47761), DuPont also discusses a second conversion,of a Sny-
Chemicals,Wilmington,DE,January 1993 (8 pages derGeneralMcQuay PEH048 centrifugalchiller.
with 1 table, availablefromJMC as RDB3447) With a change in gear set, the unit showed a

I 4.1% ImprovementIn efficiencyand a 0.8 % in- •
crease incapacity usingR-134aand mineraloil.

A_DDli_Inces A test to simulate an o-ring failuretn the com-

I pressor shaft seal is described, in which oilplaced in the evaporatordid not returnto the
Chillers compressor due to poor miscibility. A second

PEH048 chiller usingR.500 and mineraloUwas

I A.M. Bell (SnyderGeneral Corporation), How to converted to R-134a with a Mobil ester-basedConvert CFC-12 Chillers to HFC.I_Ia, Heating/ lubricant. The unit showeda 0.1% decrease in
Piping/Air Conditioning, PentonPublishing,Chica- efficiencyand 1.3% decrease in capacity. The
go, IL, volume 65, number 4, pages 3942, April o-ring failuresimulationwas repeated with nor-

n wtth mal lubricant return to the sump. The report
1993 (4pages 3 figures, RDB3457)

concludes by identifying several general con-

W. A. Phillil0_(York InternationalCorporation),Re- sideratlonsincludingproper system operation,

I frigerant Rotrofite: An Ovorvlew, Heating/Piping/ component compatibility, and safety and han-Air Conditioning, Penton Publishing,Chicago, IL, dlingprocedures.

volume 65, number4, pages 33-37, April 1993 (5 Suva(R) 134l (Suva Cold MP, HFC-134a) in
pages with7 figures,RDB3456) Chillers, document ART-3 (H.42444), DuPont

n B. Seibert (The Trane Company), How to Convert Wilmington, pages
Chemicals, DE,October 1992 (6

CFC-ll Chiller= to HCFC-123, Heating/ Pip- with5 tables,availablefromJMC as RDB3443)
ing/Air Conditioning, Penton Publishing,Chicago,

!
n please see pages 5-8 for ordering information INI
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CommerclalRefrlaeratlon spondlng use of refrlgerants, lt then reviews I
- specific considerations for this conversion, in- II

S. Corr (ICl Chemicals and Polymers, Umited), T. cludlnga descrlptlonof the heat pump and Its
W. Dekleva, and A. L Savage (ICI Americas, Incor. two-stage, centrifugal compressor. The ther- []
porated), Retrofitting Large Refrigeration Sys- mophysicalpropertiesof alternativerefrigerants I
terns with HFC-134a, ASHRAE Journal, American are outlined,with emphasis on projected per-
Society of Heating, Refrigerating,and Air-Condl- formance with R-134a. Equipment modifica-
tioning Engineers (ASHRAE), Atlanta, GA, pages tionsforthe conversionai'e described,Including []
29-33, February 1992 (5 pages with3 figuresand 2 a summary of compatibilityconsiderationswith II
tables, RDB3303) the new refdgerantand polyalpha oleofin lubri-

cant. The conversion,start up, and added re-
S. Corr, R. D. Gregson,G. Tompsett (ICI Chemicals frigerant leak monitors are reviewed. Opera- lE
and Polymers, Limited), A. L Savage and J.A. tional experience for 1991/1992 ts discussed, II
Schukraft (ICI Americas, Incorporated), Retroffi- Includingcapacity, efficiency,availability,refrlg-
ting Large Refrigeration Systems with R-134a, erant and lubricant samp_ing, sealants, and
Proceedings of the 1992International Refrigeration leakage. The reportconcludesthat the conver- lR
Conference- Energy Efficiency and New Refriger. sion was successful. The heat pump ran for II
ants, edited by D. R. Tree and J. E. Braun, Purdue 6,641 hoursof operationand 148 GWh (0.5 tril-
University,West Lafayette, IN, volume 1, pages lion Btu)of production at output temperatures m
221-230, July 1992 (10 pages with 7 figuresand 1 sometimes exceeding 90 °C (194 °F). There III
tables, reprintavailablefrom JMC as RDB2724) were no unplanned outages. Peak capacity is []

2-4% lowerwithR-134athan withR-500, leading
J. P. Davey and C. C. Mulllss (RhSne-Poulenc to an annual reduction In output of 1.4%. Effl- []
Chemicals Limited, UK), Field Experience in clency is essentiallythe same. [Thisconversion IRetrofitting Isceon 134a and Iscaons 69-S and is believedto be the largestsingleuse of R-134a
69-L, CFC Alternatives: User Experience and Up. to date.]
date, Institution of Mechanical Engineers and In- II
stitute of Refrigeration,London, UK, 11 November |
1992 (13 pages with 1 figure and 7 tal_es, RDB- Mot)lie Air Conditioners3331) -

S. Corr, E. Goodwin, R. D. Gregson,A. Halse, A.Retrofit Guidelines for Suve(R) HP80, document Lindley (ICI Chemicals and Polymers,Umited), S. II
ART-9 (H-45947), DuPont Chemicals, Wilmington, H. Colmery, T. W. Dekteva,and R. Yost (ICI Amed-
DE, November 1992 (8 pageswith 1 table, available cas, Incorporated), Ester Lubricants for Use with
from JMC as RDB3445) HFC-134a Retrofit Applications, seminar presen- I

rationat the Societyof AutomotiveEngineers(SAE) m
Retrofit Guide,nn for Suva(R) HP61, document InternationalCongressand ExposItion(Detroit,MI),
ART-15 (H-47763), DuPont Chemicals,Wilmington, ICI Amedcas Incorporated, New Castle,DE, USA,
DE, January1993 (10 pages with2 tables, available 25 February 1992 (22 pages with 23 charts, ROB-
fromJMC as RDB3446) 2619) II

Retrofit Guidelines for SUVa(R) MP39 and This document providesthe presentationcharts
Suva(R) MP66, document ART-5 (H-42446), and text for an update on retrofitof mobile air
DuPont Chemicals, Wilmington,DE, August 1992 air-conditioning (MAC) systems. The presents- II

(10 pages with 4 tables, available from JMC as tion reviewsthe basisfor selectionof R-134a In-
RDB3444) cluding consideration of performance, avoid- Bl

ance of ozone depletion, and safety. The lubd- ia
cant used is identifiedas a fundamentalissuein []
retrofittingMAC systemswith R-134a. Proper-

Heat Pumos for District Heat!no ties of two candidate estersand sealed-tubetest

!results, includingboth mineral oil and R-12 as
T. Widgrenwith preface by L Petersson,Conver- contaminants,are reviewed. One findingIs that
sion to HFC-134a in • 2S MW Heat Pump, Ham- the lubricants Impact the materials examined
marby, Sweden, report RT.IST-51/92, ABB STAL more than the refrigerants. Volume change lE
AB, Finspfing,Sweden, September 1992 (28 pages (swell) is plotted for R-12 with mineral oil, the II
wIth 13figuresand 2 tables, RDB2BIO) same pair followed by R-134awith a polyol es-

This report summarizes conversion of a large ter, and R-134a wIth the ester alone for nine
heat pump, for district heating, from R.500 to elastomers. They Include chlorosulfonatedPE, BE
use of R-134a and the first subsequentyear of EPDM, EPDM-O, EPDM-S, fluoropolymer, I
operating experience. The report reviewsboth HNBR, natural rubber, neoprene, and nItdle.
use of large heat pumps in Sweden and corre- Compressortests to examine the suItabilityof
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I the fluids are summarized; the tests Included native, Part I, seminar presentationat the Societyhigh contaminant levels to approximate those of Automotive Engineers (SAE) InternationalCon-
expected In retrofits. A ratingsystem to gauge gressand Exposition (Detroit, MI), ICI AmedcasIn-
wear is outlined. Fleet trialsconducted In Aus- corporated, New Castle, DE, USA, 26 February

I tralia are summarized, noting anecdotal sug- 1991 (14 pages with 17 charts,RDB2616)gestions that R-134a may provide Improved
performance. While much more study is need- S. Corr, R. D. Gregson, A. Halse, A. Undley (ICI

i ed, the esters tested appear promisingfor use Chemicalsand Polyi:ners,Umited), and T. W. Deld-with R-134ain MACsystemretrofit, eva (ICI Americas, Incorporated),Retrofitting Mo-
bile Air.Conditioning Systeml: The First Alter-

S. Corr, E. Goodwln, R. D. Gregson, A. Halse, A. native, Part 2, seminarpresentationat the Society

I Lindley (ICI Chemicals and Polymers,Limited), S. of Automotive Engineers (SAE) InternationalH. Colmery, T. W. Dekleva,and R. Yost (ICI Amed. Congressand Exposition (Detroit, MI), ICI Amed-
cas, Incorporated), Retrofitting Mobile Air- cas Incorporated, New Castle, DE, USA, 26 Febru-
Conditioning Systems with HFC.134a, seminar ary 1991 (14 pageswith 16 charts,RDB2617)

I presentation at the Society of Automotive Engl.neers (SAE) PassengerCarMeetingand Exposition T.W. Dekleva,S. H. Colmery (ICI Americas, Incor-
(Nashville, TN), ICI Americas Incorporated, New porated), J. Bresnahan (ICI Australia Operations
Castle, DE, USA, 18 September 1991 (22 pages PryLimited), S. Corr, and A. Llndley(ICI Chemicals

I with 27 charts, RDB2618) and Polymers, Limited), Retrofitting Mobile Air-This document providesthe charts and text for Conditioning Systems with HFC-134a - An Up
a presentationon retrofitof mobileair air-condl, dite, Proceedings of the International CFC and

I tioning (MAC) systems. The need for a service Halon AJtemativee Conference (Washington,DC),refrigerant, aftermarket logistics, and require- Alliancefor ResponsibleCFC Policy,Arlington,VA,
ments of the Clean AirActAmendmentsof 1990 pages, 697-706, September 1992 (10 pages with 1
are introduced. The reasons for selecting R. table,RDB2914)

I 134a as a retrofit refrigerant are discussed. This paper focuses on proceduresand systemRetrofit solutions may lie between simple re- performance for retrofitof mobile air alr-condi-
placement of the refdgerantand lubricant ar_ tioning(MAC) systemswith R-134a. The paper
the need to flush the system and also replace outlines the need for retrofit, pointing to the

I certaincomponents. The rationalefor estersas hundreds of millionsof vehicles that use R.12the lubricantis presented. Ten estercandidates and anticipated shortfallto meet service needs
are summarized and data are providedon vis. after recyclingand recovery. The paper briefly
cosity,miscibility,and wear tests. Compatibility notesactivitiesunderway to prepareguidelines

I findingsare presented for EPDM, HNBR, neo- for refrigerants,procedures, and fittings;qualifyprene, nitrile, nylon, and fluoroelastomer suitab_ lubricants; and identify acceptable
(DuPontViton(R))with mineraloil, a polyalkytene practices. ICI is pursuingester lubricants,but
glycol (PAG), an end-capped PAG, and an es. the paper notesthat othersare investigatinguse

I ter. Mutual compatibility and thermal stability of polyalkyteneglycols (PAGs). The paper re- ..data are discussedfor the lubricants. A finding views a number of retrofit proceduresand the
on chlorinatedImpurities(e.g., residual R-12 or labor requirements for them. Two categories

I flushingsolvents)is reviewed, Indicatingthat its are contrasted, with and without flushingto re-
nature is more importantthan its concentration, move mineral oil. The paper reviewsthe time
Sealed-tube test resultsare reviewed for R-12 and impactsof R-12 recovery, systemflushing,
and R-134a with mineral oil, PAG, and ester Iu. removaland draining of the compressor,addi-

I bricants with contaminants. The data include tion of lubricant, system reassembly, evacua-changes in color, viscosity, acid number, and tion, and recharging with R-134a. Specific
metal content as well as copper plating and flushing agents Including per- and td-
metal impacts; no detrimental effects from chloroethylene(PCE and TCE), are discussed.

I residualR-12and mineraloilwereobservedwith Reet trialsto gauge the performanceand com-R-134a and the esters. Hydrolyticstabilitytests pressordurabilityconsequencesof retrofit,with
point to greater stabilitywith polyol estersthan differentproceduresand compressortypes,are
PAGs. The stabilityanalysesand a compressor reviewed;thesetests are underwayIn Australia,

I test program are outlined. [see RDB2913 for the United States, and elsewhere. R-134a mayupdate] require10-20% extra condenser capacityat tdle
conditions or high ambient temperatures. No

S. Corr, R. D. Gregson, A. Halse, A. Undley (ICI performance penalties have been associated

I Chemicalsand Polymers,Limited),and T. W. Dekl. with flushingor not flushing. The paper con-eva (ICI Americas, Incorporated),Retrofitting Mo- cludesthat R-134a combined with ester lubd-
bile Air-Conditioning Systems: The First Alter. cants appearsto offer acceptablelevels of per-

I
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formance and systems compatibility, but more used for specific buildingoccupancies as well m
work Is required, as component, equipment, and Installatlonre- []

quirements. Minimum safetydevlces, marking,
and testsalsoare specified. This versionsuper- =,
sedes ANSI/ASHRAE Standard 15-1989, in- lcludlng itsaddendum (ANSI/ASHRAE Standard
15-1991)and eadlereditions.

Absorption of Ammonia Into Water, research
Safety of Suva(R)Refrigerants, document AS-1 I

m

project 591-RP, American Society of Heating, (H-27350-2), DuPont Chemicals, Wilmington, DE,
Refrigerating, and Air.Conditioning Engineers undated circa 1992 (6 pages with 1 table, RDB.
(ASHRAE), Atlanta, GA, September 1988. June 3451) []
1990 (ASH0591) |

The contractor for the projectwas KansasState

Universityat Manhattan,led by D. L Fentonand Flamm,ab!llty
R. L Gorton; It was sponsored by ASHRAE m
Technical Committee 10.1, Custom Engineered R.G. Richardand I. R. Shanktand(AUledSIgnalIn- II
Refrigeration Systems. corporated), Flammability of Alternative Refrig.

rants, ASHRAE Journal, Amedcan Society of []
Heating, Refrigerating,and Air-ConditioningEngi- uNumber Designation and Safety Classification of

Refrigerants, ANSI/ASHRAE Standard 34-1992, neers (ASHRAE),Atlanta,GA, volume 34, number
AmericanSociety of Heating, Refrigerating,and Air.
Conditioning Engineers (ASHRAE), Atlanta, GA, 4, pages20 and 22-24, April1992 (RDB2525)

1992 (16 pageswith 1 figureand 5 tables, This article reports data for refrigerantflamma- BFebruary
RDB2909) bilitymeasurementsusingthe ASTM E-681test []

procedure. Lower and upper fame limits (LFL
This voluntary,consensusstandarddescribesa and UFL) are tabulated for R-11, R-22, R-30
shorthandway of naming refrigerantsand clas- (methylenechloride),R-32, R-50 (methane), R- I
sifiesthem according to potentialhazards. It is 113, R.123, R-123a, R.124, R-125, R-134, R- B
intended to establisha simple means of refer- 134a, R.140a, R-141b, R-142b, R-143, R-143a,
ring to common refrigerants,instead of using R-152, R-152a, R-161, R.218, R-290 (propane),
the chemical name, formula, or trade name. lt R.C318, R-600 (butane),R-6OOa(Isobutane),R- m
also establishesa uniformsystemfor assigning 611 (methylformate),R-717(ammonia),dimeth- []

unambiguousreference numbers,composition- yl ether, and sulfurhexafluoride.The flammabil.
designating prefixesfor refrigerants,and safety ity test procedureand apparatusare discussed, lm
classificationsbased on toxicity and flammabil- includingattentionto the ignitionsource, based IIity. This standard is widely cited inconstruction on recommendationsof ASHRAE Standard34-
codes and providesthe classificationsused in 1992. Rammability limits are compared for R.
ASHRAE Standard 15-1992, Safely Code for 32, R-141b, and R-142b, to illustratethe influ. []
Mechanical Refrigeration, to specify safety re- ence of alternativeignitionsources and condl- u
quirements for refrigerantuse. This versionsu- tions. Critical flammabilityratios are presented
persedesANSI/ASHRAE Standard34-1989 and for selectedmixtures.

earliereditions. IH. Shaoqlang, I_ Xiaoping, and X. Chunfei (Wan.
Safety Coda for Mechanical Refrigeration, ASH- bao RefrigeratorIndustrialCorporation,China),Re-
RAE Standard 15.1992, American Society of Heat- frigerant HFC.152a Flemmability Test Results,

ing, Refrigerating,and Air-ConditioningEngineers publicationunknown,undated circa 1991 (4 pages I(ASHRAE),Atlanta,GA, July 1992 (RDB2910) with 1 table,availablefrom JMC as RDB2512)

This voluntary, consensus standard specifies This paper assessesthe flammabilitydsk of R-
reasonable safeguardsof life, limb, health,and 152a, which is reported as flammable in con- E

centrationsof 4.7-16.8% by volume In air. The m
property;definesprectices that are inconsistent
with safety, and prescribessafetystandards, lt authorshypothesizedthat the highestprobabU-
applies to mechanical refrigeratingsystemsand sty of fires and explosions will occur when
heat pumps used in identified occupancies as enough refrigerant leaked from the freezer I
well as to components replaced afteradoption, evaporator Into the fresh-food compartment, !1
Thepurpose isto promotethe safe design,con- with ignitioncaused byan arc or spark from the
structlon, and operation of covered systems, thermostat. Concentrationsof 5, 10, 15, and

This standard iswidely cited and eitherIncorpo- 20% R-152awere tested usingan electdcpulse I
rated by reference or directly quoted in con- spark. Ignitionwas found to be unlikelyin the mB
structioncodes, lt prescribes the maximum modeltested (BCD-158), becauseof Incomplete
quantitiesof Individual refrigerantsthat may be mixingand the location of the thermostat. The !

!
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i Hskwouldbe high In a frost.freerefrigerator,re- butane) andethanol,1.86-8.5% and 3.46-18.4%qulrlngan exploslon-proofthermostat. The pa- respectively. A modifiedtest procedure and the
per concludesthat the most llkelyscenarlofor a method of determlnlng flammability limits are

i fire is when the concentrationreaches 12%and presented. Additionally,the effectsof humidity,Isexposed to an openflame. A personstanding temperature,and ignitionsourceon flammability
near the _efdgeratorcould be injuredby a blow testingare discussed.
from the door opened by fire or explosion,by

I flames, or both. No deformationor damage to Results of Testing:"Flashpolnt of Isotron 141b,the refrlgeratorcabinetwas observed from test preliminaryInformatlonbulletin,Elf Atochem North
fires. America, Incorporated (provided by the former

Pennwalt Corporation), Klng of Prussia, PA, May

i Combustion of Ammonia With and Without 011 1989 (I page, available from JMC as RDB0523,Vapor, researchproject 682-RP, American Society picturemissing)

of Heating, Refflgeratlng,and Air-ConditlonlngEn- The procedure and results of rfieasuringthe
glneers (ASHRAE),Atlanta,GA, September 1991 - flash polnt of R.141b are summarizedbased on

i ASTM D1310tests usinga Fisher/Tag opencup
September 1993 (ASH0682)

This project will redetermlne the flammablUty apparatus. No flashpoint was observedfor this
limits of ammonia (R.717) in air as well as the fluid even though it has lower and upper

I combustibilityof air-ammonia-oil and air-am- flammabilitylimits. The nature of the liquid Ismania.methane mixtures, in concentrationsof such that ltdoes not producea vapor layerthat
100-250,000 ppm. lt also will examinethe gee- will flash accordingto the standardtest method.
metric configurationsfor release that facilitate The document notes that similarbehavior has

i combustion,in order to Improvedischargede- been observed for chlorinatedsolventssuchassigns for flaring. The contractor for this re- R-30 (methylene chloride) and R-140a (methyl
search is Kansas State University, led by D.L. chloroform).
Fenton and K. S. Chapman; it is sponsored by

I ASHRAE Technical Committee 10.1, Custom Results of Testing: Maximum Rate of PreuureEngineered Refrigeration Systems. Rise - Maximum Explosion Pressure of I=otron
141b, preliminary informationbulletin,Elf Atochem

Flammability Characteristics of Isotron 141b, North Amedca, Incorporated (provided by the for-

I preliminary informationbulletin,Elf AtochemNorth mer Pennwalt Corporation), King of Prussia, PA,America, Incorporated (provided by the former May 1989 (2 pages with 1 table,availablefromJMC
Pennwalt Corporation), King of Prussia, PA, May as RDB0524,picturemissing)

i 1989 (1 page, availablefromJMCasRDB0521) The procedure and results of measuring theLower and upper flammabilitylimits (LFL and maximum rate of pressure rise and maximum
UFL), as a volume percentage of refrigerantin explosionpressureof R-141b are summarized.
humidair, are given for R-141b based on ASTM The rate of pressurerise is reportedas 262 and

i E681 tests. The limitscited are 7.4-15.5% at 21 220 kPa/s (38 and 32 psi/s) at 21 °C (70 oF)and°C (70 °F) and 5.8-16.5% at 120°C (250°F). The 120 °C (250°F), respectively,in a 0.37 m3,(13.1 "
maximum explosion pressure and maximum cf) vessel. The maximumpressureis reported
rate of pressure rise are tabulated for the same as 78 and 57 psig at correspondingconditions.

i temperatures. Rammability characteristicsof A comparisonof normalized rates of pressureethyl alcohol and R-290 (propane) are pre- rise(the Kg)shows R-141bto be approximately
sentedfor comparison. A higher concentration 230 timesless severethan R-290 (propane)and

i of R-141b is requiredfor flammability. Addition- 50 timeslessseverethan ethanol.
ally, R-141b exhibitssignificantlylower rates of
pressuredsa and lower heatsof combustion. Flammability Characteristics of Isotron 142b,

preliminaryinformationbulletin,EfrAtochemNorth

i Results of Tasting: Limits of Flammability for America, Incorporated (provided by the formerIsotron 141b, preliminary Informationbulletin, Elf Pennwalt Corporation), King of Prussia, PA, May
AtochemNorthAmerica, Incorporated(providedby 1989 (1 p_.ge,availablefrom JMC as RDB0525)

the former PennwaltCorporation),Kingof Prussia, Lower and upper flammabUitylimits (LFL and

i PA, May 1989 (4 pages with 5 figures and 1 table, UFL), as a volume percentage of refrigerantinavailable fromJMC as RDB0522,picturemissing) humidair, are given for R-142b based on ASTM
Lower and upper flammability limits (LFL and E681 tests. The LFL cited is 7.8% at 21 °C (70

i UFL), as a volume percentage of refrigerantin °F) usinga fusewire as the ignitionsource. The
humid air, are given for R-141b based on ASTM cited LFLandUFL usinga matchas the Ignition
E681-85tests. The limitscited are 7.4-15.5% at source, are 6.9-17.0% at 21 °C (70 °F) and 6.1-
21 °C (70 °F) and 5.8-16.5% at 120 °C (250 °F). 17.8% at 120 °C (250 °F). The maximumexplo-

i Comparativedata are presentedfor R-6OOa(iso- sion pressure and maximum rate of pressure

i t please see pages 5-8 for ordering information I
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Bal

rise are tabulated for the same temperatures, cf) vessel. The maximum pressure is reported n
RammabHItycharacteristicsof ethylaJcoholand as 88 and 68 pslg at corresponding conditions. m

R.290 (propane) are presented for comparison. A compadson of normalized rates of pressure
A higher concentrationof R-142b Is requiredfor Ha (Kg) shows R-142b to be approximately 1(30 B
flammability. Additionally,R-142b exhibitsslg- times less severe than R-290 (propane) and 23 |
nificantly lower rates of pressurerise and lower times lessseverethan ethanol.
heatsof combustion.

mm

Results of Testing: Limits of Flammability for _ U
Isotron 142b, preliminary informationbulletin, Elf
AtochemNorthAmedca, Incorporated(providedby Clement Associates, Incorporated Health Effects
the formerPennwaltCorporation),King of Prussia, Assessment for Ammonia, The ':ertllizer Institute, I
PA, May 1989 (4 pages, available from JMC as Washington,DC, February 1990 (148 paO,=._,nHR. mB

RDB0526,picture missing) 1106) '
Lower and upper flammability limits (LFL and This document reviewsdata relevant to assess- la
UFL), as a volume percentage of refdgerant in ing the health effectsof inhalationexposure to i
humid air, are given for R-142b basedon ASTM ammonia. The focus is on chronic exposures;
E681 tests. The LFL cited Is 7.8% at 21 "C (7(3 informationon subchronicand acute exposures
°F) usinga fuse wireas the ignitionsource. The alsois reviewedto acquirea completepictureof I
cited LFL and UFL, usinga match as the Ignition the toxicityof ammonia. Physicaland chemical m
source,are 6.9-17.0% at 21 °C (70 °F) and 6.1- properties, sources, environmental fate, envt-
17.8% at 120 °C (250 °F). Comparative data are ronmentaleffects, and other related topics are
presentedfor R-600a (isobutane)and ethanol, discussedto providecontextand perspective. I1.86-8.5% and 3.46.18.4% respectively. A mo(I- mm

/fled test proCedureand the method of deter- D.I.. Holness,J. T. Purdham,and J. R. Nethercott,
miningflammability limits are presented. Addi- Acute and Chronic Respiratory Effects of Occu-
tionaUy,the effects of humidity, temperature, patiorml Exposure to Ammonia, Journal of the [I
and ignitionsource on flammabUltytestingare American Industrial Hygiene Association, volume II

discussed. 50, number 12, pages 646-660, December 1989 (4

Results of Testing: Fialhpoint of Itotron 142b, pages with 7tables, ROB3238) I
preliminary Informationbulletin,Elf AtochemNorth Meridian Research, Incorporated, Results of Era-
America, Incorporated (provided by the former ploys= Exposure Monitoring for HCFC-123 at
Pennwalt Corporation), King of Prussia, PA, May Centrifugal Chiller Installations, U.S. Environ- [I
1989 (1 page with 1 figure, availablefrom JMC as mentalProtectionAgency (EPA),Washington,DC, i
RDB0527, picture missing) 26 November 1991 (82 pages, RDB2529)

The procedure and results of measuring the
flash point of R-142b are summarizedbased on J. Parsnow, Monitoring Instruments for HCFC- mB
ASTM D1310 tests usinga Fisher/Tag open cup 123, publication 819-060, Carder Corporation, II
apparatus. No flash pointwas observed for this Syracuse, NY, April 1992 (8 pages with 2 figures
fluid. An upward extensionof a test flame was and 1 table, RDB2915)
observed when passed overa sample of the re-
frigerant. The extension grew with increasing H.W. Sibley, A Study for Dsterminlng Refrigerant m
temperature of the refrigerant, but the vapor Exposure Levels While Servicing sn HCFC-123
space above the liquid neither flashed nor Centrifugal Chiller, publication 819-061, Carder =,
burned away fromthe test flame. Corporation, Syracuse, NY, April 1992 (8 pages Iwith 4 figuresand 1 table, RDB2916)

Results of Testing: Mmxlmum Rate of Preuure
Rise - Maximum Explosion Pressure of I=otron 1990-1991 Threshold Limit Values for Chemical la
142b, preliminaryinformationbulletin,Elf Atochem Substances in the Work Environment, 1990-1991 I
North America, Incorporated (provided by the for- Threshold Limit Values for Chemical Substances
mer Pennwait Corporation), King of Prussia, PA, and Physical Agents and Biological Ex_sure in-
May 1989 (2 pages withI table, availablefrom JMC dices, The American Conference of Government m
as RDB0528,picturemissing) Industrial Hygienists (ACGIH), Cincinnati, OH, U

The procedure and results of measuring the 1990, pages 1-49and notes (55 of 132pages with 2
maximum rate of pressure dee and maximum tables and 4 appendices,RDB2B05) NI

explosion pressure of R-142b are summarized. This book providesdata for use as guidelinesor II
The rate of pressuredse is reported as 606 and recommendations in the control of potential m
634 kPa/s (88 and 92 psi/s) at 21 °C (70 °,,IF)and h_ards. Threshold limit values(I"LVs)are tab-
120 °C (250 °F), respectively,In a 0.37 mO(13.1 ulateclfor airborne concentrationsof chemical i

I

I
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I substancesto whichworkers may be exposed, full of service for
range procedures centrifugal

These chemicals Include common refrigerants chillerapplications. Eadlertoxicityfindingsand
based on both chronic altd acute effects. The implicationsare reviewed as background. The

i TLV data referto concentration_under which lt report then documents the measured concen-is believed that nearly ali workers may be re- trations dudng refrigerant transfer, routine
peatedly exposedwithoutadversehealtheffects maintenance,and major sen/ice from three dif-
subject to IdentifiedconsIderations. The TLVs ferent installations. Chronic (long-term},acute

I are categorizedas time-weightedaverage(TWA (short-termintermittent),and emergencyacuteor TLV-TWA),s,,urt-term exposurelimit (STELor exposure consIderations ar_, outlined. The
TLV-STEL),and ceiling (TW-C). Notesare pro- measurement procedures are described; they
vided for Interpretation,but the information is used activatedcharcoal tubes subsequentlyan-

l not intendedfor usewithouttrainingin Industrial alyzed by gas chromatographyin laboratories,hygiene. The document also lists intended and on-site infrared vapor analyzers. Time-
changes and provIdes appendices addressing weighted average (TWA) exposuresare tabu-
carcinogens, substancesof variable composl- lated for the chronic exposures, rangingfrom

I tion, mixtures,and samplingcriteriafor airborne lessthan the limit of quantification(LOQ) to 1.9particulatematter, ppm. Peak concentrationsand durations are
tabulated for the intermittent,acute exposures.

i Report on Testing and Analysis of the Concen- Test reports are Includedto descdbe each sitetmtion r;f HCFC-123 in Field Installations with and providedetailedmeasureddata. The report
General Machinery Rooms Containing Hermetic concludes that the long.term concentrations
Centrifugal Chillers, report CFC-1, The Trane observed were more than five times below the

i Company, La Crosse,WI, October 1991 (34 pages allowableexl:x'_urelevel (AEL)of 10 ppm. Thewith14 figuresand 15tables, RDB2246) instantaneousconcentrationswere well within

This report provides measured data on R-123 the 30-50 ppm limitsbased on guIdelinesdevel-
corlcentrations in equipment rooms housing oped by the American Conference of Govem-

I hermeticcentrifugalchillers. Twelve sites, rep- ment IndustrialHygienists(ACGIH). The find-resenting a broad range of applioations,were ings emphasize the Importance of following
tested duringnormaloperation. Additionaldata properhandlingand storageprocedures for re-
were taken at two sitesduring refrigeranttrans- frigerants and. Installation recommendationsof

I fers. Measurementswere made by gas chro- ASHRAEStandard 15R [now 15-1992].matography, both on site and using activated
charcoaltubes (subsequentlyanalyzed in labc

i ratorles). Ali of the sites except one were de-
termined to have concentrationssubstantially Other
less than ! ppm, if any. Concentrationsabove

minimum quantifiable levels, 0.33-0.56 ppm, G.C. Hourahan(Air-Conditioningand Refrigeration

i were detected in onlytwo cases. Leakagefrom Institute),Planning for the Use of Alternative Re-empty, but impropedysealed,refrigerantdrums frigerants in Air Conditioning and Refrigeration, ""
was identifiedas the probable cause for ,one presented at the Seventh Annual Conference
site. The sources inthe other were impropedy (Washington,DC), DefenseFire ProtectionAssoci-

I sealed drums and a leak from the purge vent ation, 29 April 1993 (6 pages with 7 figuresand 2line. The latter was ascdbed to improper field tables, availablefrom JMC as RDB3502)
Installationand use of Incompatiblepiping ma-
tedals. A retest of this site, after corrections, This paper illustrates options for equipment

i found concentrations in line with the others, plannersto alleviateconfusionfor use of alter-Reports on the individualsites and summary native refrigerantsinair conditioningand refdg-
discussion descdbe the tests and safety con- eration, lt bdeltyoutlinesthe phase out of chlo-
siderations for refrigerants. The findings em- rofl_Jorocarbon(CFC) and hydrochlorofluoro-

I car_:m (HCFC) refrigerants as well as thephasize the Importance of followingproper re- tradeoffsbetween ozone depletion and globalfrigerant handling and storage procedures as
wellas installationrecommendations, warming among alternatives, lt summarizesa

study by the CongressionalResearch Service,

I Report of Worker Exposure to HCFC-123 During whichpredictsa stateof chaosandshortagesinServicing of Hermetic Centrifugal Chillers, report late 1995 and subsequentseveralyears. A fig-ure indicates the number of CFC chillers thatCFC-2, The Trane Company, La Crosse, WI, May
1992 (16 pages with 3 figures and 9 tables, RDB- manufacturersexpect to convertor replaceba-

l 2908) fore 1993 and in 1993-1995. lt addressesnewalternatives,concludingthatthere are "nomagic
This report addressesthe safety aspects of ex- compounds around the comer" and new candi-
posureof servicepersonnelto R-123duringthe dates will require 8-12 years to enter full-scale|

BI

I please see pages 5-8 for ordering information
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production. Two figures summarize criteria for pages with 10 figures and 20 tables,available from n
selection of alternative refrigerantsand chiller JMC as RDB3439) IB

options by type and refrigerant. Refrigerant This document providesextensive application
containment, equipment conversion, and informationfor R-134a. lt reviewsidentifiersand n
equipment replacement options are outlined, potentialuses, showsan Infrared spectrum for n
Recommendationsare noted, including desig- laboratoryanalyses, compares theoretical per-
nation of a refdgerant manager and develop- formance to R-12, and_summarizes physical
ment of a management plan. Two tables sum- propertiesas well as flammability,environmen- I
marize estimated refrigerant Inventories and tal, and toxicity Indices. Plots of solubilityin ==
serviceneeds by equipmentcategory and alter- water, pressure-temperaturerelationships,and
nativerefrigerantsby applications, vapor thermal conductivityare included. Pres- n

G. Mozzon and P. Sansalvadore(Aspera-Whidpool sure-enthalpydiagrams,in both inch-pound(lP) Iand metric (SI) units,are provided. The bulletin
SpA, italy), Reliability of Hermetic Compressors reviewschemicaland thermal stabilitydat_, in-
for R-134a Appliances, paper 4.4, Proceedings of cluding thermal decomposition, stability with
the International Seminar on New Technology of il

metals and refrigerationlubricants,stabilitywith BB
AJtemative Refrigerants - Lubricants and Materials foam chemicals,and concems if mixed with R-
Compatibility (Tokyo, February 1983), Japanese 12. lt then addressescompatibilitywithplastics,
Associationof Refrigeration (JAR), Tokyo, Japan, elastomers,desiccants, and refrigerationlubd- mm
pages77-82, February 1993 (6 pageswith 2 figures cants. A table summarizes compatibility with J
and 6tables, RDB3316) plastics including ABS polymer (Kralastic(R)),

acetal (DuPontDelrln(R)),acrylic (Lucite(R)),cell-
R. C. Niess, CFCI and Electric Chillera - Selec- ulosic (Ethocel(R)),epoxy, polytetrafluoroethyl- n
rien of Large-Capacity Water Chillers in the ene (PTFE, DuPont Teflon(R)),ETFE (Tefzel(R)), il
1990a, report TR-100537, Electric Power Research PVDF, ionomer(Sudyn(=_)),nylon6/6 polyamide
Institute (EPRI), Palo Alto, CA, March 1992 (188 (DuPontZytel(R)), polyarylate (Arylon(R)),poly-
pageswith 3 figuresand 34 tables,RDB2A18) carbonate (Tuffak(R)),potybutytene terephtha- n

late (PBT, GE Valox(R)),polyethyleneterephtha- BI
CFCs and Electric ChlUera - Selecting Large late (PET, DuPontRynite(R)),polyetherimide(GE
Water Chillers as CFCs are Phased Out, Ultem(.q)), i:)olyethylene-HD(Alathon(R)), po/y-
brochureCU.2039R.7.92, Electric Power Research phenylene oxide (PPE, GE Noryl(R)), polyphe- I
Institute (EPRI), Palo Alto, CA, July 1992 (6 pages nylene sulfide (Ryton(R)), polypropylene, Bi

with 4 figures, RDB3454) polystyrene (Styron(R)), polysulfone (Polysu-
forte(R)), and polwinyl chloride (PVC and

CFCs and Electric Utilities - Making the Tranai- CPVC). Tabular summariesalso are provided I
tion to a Safer World, report CU-7027 (project for R-134a compatibilitywith a urethanerubber BIB

RP2792-12), Electric Power Research Institute (UniroyalAdiprene(R)L), Buna N, Buna S, butyl
(EPRI),Palo Alto, CA, October 1990 (76 pageswith rubber, synthetic rubber (DuPont Hypalon(R)
29 figures,RDB3455) 48), natural rubber, neoprene W, hydrocarbon !

This report provides an illustrated narrative, rubber(DuPontNordel(R)),siliconerubber,poly-
m

based on a series of slide presentations,to re- sulfiderubber (Thiokol(R)FA), and fluoroetasto-
viewthe phaseout of chlorofluorocarbon(CFC) mer (DuPont Viton(R)A). These summariesin- n
refrigerants, their use in electric-powered dicate changes inlength,weight, Shore A hard- U
equipment,and estimatesof phaseout impacts, ness,elasticity,and appearanceafter exposures
The tie between the chemical composition of at 25 and 80 °C (77 and 176 °F). A table summa-
refrigerantsand stability, flammability,and toxl- rizes permeation through elastomedc hoses i
city is illustrated. Data on the ozone-depletion made of nylon, Hypelon48, and two nitrileswith m
potential (ODP), global warming potential identified liners, reinforcement, and covers.
(GWP) and atmosphedclifetime also are indi- Solubility data are provided for R-134a in
cated. The report reviewsdata on use of refrig- unidentifiednaphthenicmineral oil, dlalkylben- BI
erants byapplicationand resultantelectric utility zene, alkylbenzene,polyalkylene glycol (PAG), il
loads and revenues. The report notesthat utility and ester lubricants. Safety data are then pre-
incomefrom these sourcesis more than double sented includinga reviewof inhalationtoxicity,
that received by other industry participants, cardiac sensitization, responses to spills or
Likelyaltemattverefrigerantsas well as their lm- leaks,and skinand eye contact. Rammability ii
pacts on equipment cost, efficiency, resultant data and recommended practices for leak test-
energyconsumption,and loadsare projected, ing,bulk delivery, storage,charging,and recov- mi

cry are reviewed. Monitorsand leak detection U
DuPont HFC-134a: Propertlel, Uaes, Storage, are discussed as are storage, handling, and U

and Handling, bulletin P134a (H-45945), DuPont shipping. The bulletinconcludes with discus-

Chemicals, Wilmington, DE, November 1992 (32 m
U

I
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I , sloe of recovery, redamation, recydlng, and. (60/2/38), and R-125/143a/134a (44/52/4)are
I

disposal, i Suva(R)HP81, Suva(R)HPSO,and Suva(R)HP62respectively.

i SuvI(n) HP Blends: Proper.
DuPont Refrlgerant
tles, Uses, Storage, and Handllng, bulletinP-HP DuPont Suva(R) MP Refrlgemnt Blende: Proper.
(H-47122), DuPont Chemlcals, Wllmlngton, DE, tlee, Ueu, Storage, and Handllng, bulletln P-MP

i January 1993 (24 pages with 2 figures and 7 tables, (H-45944), DuPont.:Chemicals, Wilmington, DE,availablefrom JMC as RDB3442) December 1992 (36 pages with 14 figuresand 13

This document provides extensive application tables,available from JMC as RDB3441)

I information for R-402, a blend of R.125, R-290, This document provides extensive applicationand R-22 (R-125/290/22), Including R-402 Information for R-401 (33/15/52), R-401
(38/2/60) and R-402 (60/2/38). lt also ad- (53/13/34), and R-401 (61/11/28). lt reviews
dressesa blend of R-125, R-143a, and R-134a, identifiers, the blend compositions, potential

i specificallyR-125/143a/134a (44/52/4). lt re- uses, compares theoretical performance to R-views identifiers, the blend compositions,and 12, and discussestemperatureglides. UsingR.
potential uses. The bulletin then summarizes 401 (53/13/34) as an Illustration, it presents
physicalpropertiesas wellas flammability,envi- tabular data on the theoreticaleffectof leakage

I ronmental, and toxicityindices. The bulletinre- on performance. The bulletinthen summarizesviews chemical and thermal stability data, in- physical properties as well as flammability,
cludlng thermal decomposition. A table pro- environmental,and toxicity Indices. Plots of
vldes representativedata on stabilitywith metals pressure-temperature relatlonshlpa and pres-

i (copper, iron, and aluminum) based on sealed- sure-enthalpydlagrams, Inboth Inch-pound(IP)tube tests of mixtures of R-402 (38/2/60) with and metric (SI) units, are provided. The bulletln
mineral oH (Witco Suniso(R)3GS), alkylbenzene reviewschemical and thermal stabilitydata, in-
(ShdeveZerol(R)150TD), and a branchedacids dudlng thermal decomposltion. A table pro-

J polyol ester (Castrol Icematic(R)SW32) lubd- rides representativedata on stabilitywtth metalscants. Results also are provided for R- (copper, iron, and aluminum) and refrigeration
125/143a/134a (44/52/4) with the same lubd- lubricants;comparative informationis given for
cants and a mixed acids ester (Mobil F_AL(R) R-12 with two mineral oils. The lubricantsad-

I Arctic 22). The report reviews compatibilityof dressed includealkylbenzenes(ShdeveZerol(R)the refrigerantblends with R-502, notingchemi- 150DL, 300, and 500T), branched acids polyol
cal compatibilitybut separationdifficultyleading esters (Castrol Icernatic(R)SW22, SW32, SWSS,

I to a need for disposal by Incineration. lt then and SWIO0), mixed acids potyol esters (Mobil
addresses compatibilitywith elastomers; a tab- F_AL(R)Arctic 68), Henkel Emery(R)ISO 10 and
ular summary tsprovided for five polymerswith 100, and Lubrlzol ISO 150. lt then addresses
combinationsof the cited lubricantsand R-502, compatibility wtth elastomers; a tabular sum-

I R-402 (38/2/60), and R-125/143a/134a. The mary is provided for R-401 (36/24/40), Zerol(R)compounds tested were polytetrafluoroethylene 500, and a 50/50 mixture wtth 11 polymersin- •
(PTFE, DuPont Teflon(R)in commercial grade cluding natural rubber (NR), butyl rubber (IIR),
sheet from Tex-O-Lon Manufacturing), Buna N EPDM (DuPont Nordel(R)),chloro_'rene(CR, Du-

D nitdle butadiene (NBR, Parker Seal),hydro- Pont Neoprene(R)W), styrene-butadleneCOlXdy-genated NBR (HNBR, Parker Seal Nl195), mer (SBR, Buna-S), BunaN nitro (NBR,Polysar
chloroprene (CR, Precision Rubber neoprene Krynac(R)),hydrogenatedNBR (HNBR, Polysar
W), and EPDM (KirkhHIRubber). Compatibility Tomac(R)), chlorosutfonated polyethylene

i data also are discussed f_ polyethylene (CSM, DuPont Hypalon(R)48), fluoroelastomerterephthalate (PET, DuPont Mylar(R) film), (FKM, DuPontVIton(R)),dlcone rubber (SI, Dow
polyestedrrdde motor wire wtth amide-tmide Silastic(R)),epichlorohyddn homopolymer(CO,
overcoatlng, and Dacron/Mylar/Dacron(R)lead Goodrich Hyddn(R) 100), epichlorohyddnce-

a wire (Belden) as well as for molecular sieve polymer (ECO, Gooddch Hyddn(R)200), ure-desiccants(UOP 4A-XH-5and XH-9). Miscibility thane (Uniroyal Adlprene(R)),and IXdysuHtde
is summarlzed for R_2 and the three rubber(T, Thiokol(R)FA). A separatetablesum-

I zeotropes with mineral oil, alkylbenzene, and marizes the compatiblltyof R-401 (33/15152), apolyol ester lubricants. Safety data are then mixtureof this refrigerantwithZerol(R)50OTand
presented includinga review of Inhalationtoxic- a mineral oH (BVM 100N), and Zerol(R) 500T
ity, cardiac sensitization,responses to spillsor alone with 5 polymers;they IncludeCR (DuPont

I leaks, skin and eye contact, and flammability. Neoprene(R)),NBR nitrHe,HNBR, CO, and ECO.Monitors and leak detection are discussed as Compatibilitydata also are provided for poly.
are storage, handling, and shipping. The bul- ester Insulation material for motors and for
letin concludes with dlecueslon of recovery, molecular sieve desiccant= (UOP 4A-XH-5 and

i reclamation, recycling,and disposal. DuPont's XH-9). Miscibilitydata are provided for 30, 60,
I product names for R-,i02 (38/2/so),R-402

I j please see pages 5-8 for orderinginformationI
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and 90% .weight lubricant mixtureswith R-401 the ASHRAE Task Group on Halocarbon Emis- i
(61/11/28) and naphthenic mineral oil, paraf- sions mm
finic mineral oil, alkylbenzenes, polyol esters,
and the latter two also with mineral oils. Hose mm

permeation rates are presented for nylon-lined n
and nitrile hoses. Safety data are then pre- mm

sented Includinga review of inhalationtoxicity,
cardiac sensitization, responses to spills or TEST AND ANALYSIS METHODS ,=
leaks, skin and eye contact, and flammability. |Monitorsand leak detection are discussed as
are storage, handling, and shipping. The bul- G. Angelinoand C. Invernizzi,General Method for
letin concludes with discussion of recovery, the Thermodynamic Evaluation of Heat Pump n
reclamation,recycling,and disposal. DuPont's Working Fluids, International Journal of Refrigera. I!
product names for R-401 (33/15/52), R-401 tion, Paris, France, volume 11, pages 16-25,,1988
(53/13/34), and R-401 (61/11/28) are Suva(R) (RDB3338)
MP52, Suva(R) MP39, and Suva(R)MP66 re- mm
spectively. T.D. Armstrong,Chloride Analyse==as a Meaaura il

for the Evaluation of Sealed Tube Teat=, Trans.
Freon(R)Fluorocarbons Properties and Applica- actions, American Society of Heating, Refdg-
tions, bulletin B-2E, E. I. DuPont de Nemours In- erating,and Air-ConditioningEngineers(ASHRAE), n
ternational S.A., Geneva, Switzerland, undated Atlanta,GA, volume 71, part I, pages 150 rf, 1965 u
circa 1984 (12 pages with 1 figure and 10 tables, (RDB2325)
RDB2433) n

J. J. Baustian,M. B. Pate, and A. E. Bergles,Mea- nThis brochure summarizesphysical,thermody-
namic,safety, and application data for R-11, R- suring the Concentration of a Flowing Oil-Re-

II

12, R-13, R-13B1, R-14, R-22, R-23, R-113, R- frigerant Mixture with a Bypass Viscometer,

114, R-115, R-116, R-152a, R-500, R-502,and R- Transactions, AmericanSociety of Heating, Refdg-
503. Stabilityand decompositiondata are pro- erating,and Air-ConditioningEngineers(ASHRAE), II
vided for R-11, R-12, R-13, R-22, R-113, R-114, Atlanta,GA,volume94, part 2, 1988 (RDB2406)
R-115, and R-502. Hydrolysisdata with water,
alone and in the presence of steel, are pre- J' J' Baustlan,M. B. Pate, and A. E. Bergles,Mea- n
sented for R-11, R-12, R-22, R-30 (methylene suring the Concentration of a Flowing Oil-Re- m
chloride),R-40 (methyl chloride), R-113, R-114, frigerant Mixture with a Vibrating U-Tube Den-
and R-502. Swell data with elastomersare tab- simeter, Transactions, American Society of Heat-

ing, Refrigerating,and Air-ConditioningEngineers mm
ulated for R-11, R-12, R-13, R-13B1,R-22, R-30, (ASHRAE),Atlanta, GA, volume 94, part 2, 1988R-40, R-113, R-114, R-115, R-140a (methylchlo- E
roform), and R-502 with neoprene GN, buta- (RDB2407)
diene acrylonitrile (Buna(TM)N), butadiene sty- II
rene (Buna(TM)S), isoprene isobutylene (Bu- J' J' Baustlan,M. B. Pate, and A. E. Bergles,Mea- |tyl(TM)), and polysulflde and natural rubbers, suring the Concentration of a Flowing Oil-Re-
Compatibilitydata are discussedwith lubricants, frigerant Mixture with an Acoustic Velocity Sen-

plastics,and metals, sor, Transactions, American Society of Heating, nRefrigerating, and Air-Conditioning Engineers UPilot Survey of Refrigerant Use and Emissions (ASHRAE),Atlanta, GA, volume 94, part 2, 1988
from Retail Food Stores, researchproject691-RP, (RDB2408)
AmedcanSociety of Heating, Reffigerating,and Air- n
Conditioning Engineers (ASHRAE), Atlanta, GA, J" J" Baustian,M. B. Pate, and A. E. Bergles,Mea- II
September 1991- ongoing(ASH0691) suring the Concentration of a Flowing Oil-Re-

frigerant Mixture: Instrumentation Test Facility
The contractorfor the project isthe RadlanCor- and Initial Reeuitt, Transactions, Amedcan Soci- m
poration,led by T. J. Nelson; it is sponsoredby ety of Heating, Refrigerating,and Air-Conditioning I
the ASHRAE Task Group on Halocarbon Emis- Engineers(ASHRAE),Atlanta,GA, volume 94, part
sions 1, pages 167-177,1988 (RDB2247)

Survey of the Use and Emission of Chlorofluo- M. Benedict,G. B. Webb, and L C. Rubln,An Eta- U

mB

rocarbons from Large Chillers, research project pirical Equation for Thermodynamic Properties
603-RP,AmericanSociety of Heating, Refrigerating, of Light Hydrocarbons and Their Mixturea, Jour-
and Air-ConditioningEngineers (ASHRAE),Atlanta, nal of Chem. Physics, American Institute of n
GA, March 1989- February1991 (ASH0603) Physics,volume8, pages 334 rf, 1940 (RDB2350) II

The contractor for the project isthe Radian Cor-
poration, led by T. J. Nelson;it is sponsoredby ..

i

I
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I T.J. Bruno, Chemical Protocol for AI. of
Analylil Heating, Refrigerating,and Alr-Conditk_ningEn-

temative Refrigerant= - Part 1: Spectroscopic gineers (ASHRAE),Atlanta,GA, volume72, part II,
Method=, paper 3618 (AnnualMeeting, Baltimore, pagesIVA. 1-1V.4.5,1966 (RDB2326)

I MD, June 1992), Transactions, AmericanSocietyofHeating, Refrigerating,and Air-ConditioningEngi- P.A. Domanskiand M. O. McLlnden (National In-
nears (ASHRAE),Atlanta, GA, volume 98, part 2, stitute of Standards and Technology, NIST), A

[ pages204-209, 1992 (6 pages with 2 figuresand 1 Simplified Cycle Simulation Model for the Per.

I table, RDB2603) formance Rating of Refrigerants and RefrigerantMixtures, International Journal of Refrigeration,
T. J. Bruno, Chemical Analysis Protocol for AI- Pads, France, volume 15, number2, pages 81-88,
ternative Refrigerants - Part 2: Separation February1992 (8 pageswith 6 figuresand 1 table,

I Methods, paper 3619 (AnnualMasting, Baltimore, RDB3448)MD, June 1992), Transactions, AmericanSociety of
Heating, Refrigerating,and Air-ConditioningEngi- P.A. Domanskiand M. O. McUnder_(National In-

I neers (ASHRAE),Atlanta, GA, volume 98, part 2, stituteof Standardsand Technology,NIST),A Sim-
I pages210-215, 1992 (6 pages with 7 figures,RDB- plifled Cycle Simulation Model for the Perfor.

2604) mance Rating of Refrigerants and Refrigerant
Mixtures, Proceedings of the 1990 USNC/IIR-Pur.

i T.J. Bruno,Spectroscopic Libraryfor Alternative due Refrigeration Conference and ASHRAE-PurdueRefrigerant Analysis, report NIST Special Publica- CFC Conference, edited by D. R. Tree, PurdueUni-
tion 794, National Instituteof Standardsand Tech- verstty, West Lafayette, IN, pages 466-475, July
nology, Boulder, CO, August 1990 (192 pages, 1990 (10 pages with 6 figuresand 1 table, available

I availablefrom Superintendentof Documents,U.S. from JMC as RDB2C05)Government Pdnting Office, Washington, DC [ [see RDB3448 for corrected and updatedvar-
20402 . USA; order by stock number 003-003- I sion]
03036-8 for$12.00 prepaid, RDB2250)

I This report assemblesInfraredand mass S.R. DunneandT.j. Methods of
spec- Clancey, Teeting

tta on a range of ethane and ethylene com- Desiccants for Refrigerant Drying, Transactions,
pounds relevant to research of alternative re- AmericanSociety of Heating, Refrigerating,and Air-

i frigerants. Limitedphysicalpropertyand safety Conditioning Engineers (ASHRAE), Atlanta, GA,data also are Included. Some compounds ad- volume90, part 1, 1984 (RDB2431)
dressed are not suited for refrigerantuse, but
could be found as impurities or as reac- H.M. Elsey, Small Sealed Tube Procedure for

i tion/decompositlon products in refrigerant Quality Control of Refrigeration Oils, Transac.tests. This publicationprovidesan information tions, American Society of Heating, Refrigerating,
source to aid in identificationof such com- and Air-ConditioningEngineers (ASHRAE),Atlanta,
pounds. The ethane compounds addressedin- GA, volume 71, part I, pages 143 rf, 1965 (RDB-

I clude R-112, R.112a, R-113, R-113B2,R-113a, 2328)R-114,R-114a, R-114B2,R-115, R-116,R-121,R- ..
122, R-123, R-123B1, R-123B2, R-123aB1, R- H.M. Eisey, L. C. Rowers, and J. B. Kelley, A
124, R-125, R-131, R-131a, R-132b, R-132bB2, Method of Evaluating Refrigerator Oils, Refriger.

I R-133a, R-133aB1, R-134, R-134a, R-141, R- ating Engineering, AmedcanSociety of Refdgerat-141b, R-142B1, R.142b, R-143, R-143a, R- ing Engineers(ASRE,now merged into the Amed-
151B1, R-152a, and R-161. Ethylene com- can Society of Heating, Refrigerating,and Air-Con-
pounds covered include R-1110, R-1111, R- ditioningEngineers,ASHRAE),Atlanta,GA,volume

I 1112a, R-1112aB2, R-1113, R-1114, R-1120, R- 60, number7, pages 737ff, July 1952 (RDB2321)1121, R-1122B1, R-1123, R-1130, R-1130, R-
1130a, R-1131a,R-1132a, andR.1141. V.Z. Geller and M. E. Paulaitis (University of

i Delaware), The Calculation and Prediction of
H. A. Connon (E. I. DuPont de Nemours and Com- Transport Properties for New Refrigerants and
pany), A Generalized Computer Program for Blends in Refrigeration Application, Proceedings
Analysla of Mixture Refrigeration Cycles, Trans. of the International CFC and Halon Alternatives

I actions, Amedcan Society of Heating, Refrigerat- Conference (Washington, DC), Alliance for Re-ing, and Air-ConditioningEngineers(ASHRAE),At- sponsibleCFC Policy, Arlington,VA, pages 115-
lanta, GA, volume 90, part 2, pages 628-639, 1984 124, September1992 (10 pages with 6 figuresand
(RDB3214) 3 tables,RDB2A07)

I G.C. Doderer and H. O. Spauschus(GeneralElec- D.F. Huttenlocher (General Electdc Company),
tric Company), A Sealed Tube - Gas Chromato- Bench Scale Test Procedure for Hermetic Com-
graph Method for Measuring Reaction of Refrig- pressor Lubricants, ASHRAE Journal, American

erant 12 with 011,Transactions, AmericanSociety

I i please see pages5-8 fororderinginformation[
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BB

Society of Heating, Refrigerating,and Air-Condi- IN, volume 2, pages 365-374, July 1992 (10 pages W
tioning Engineers (ASHRAE),Atlanta, GA, volume with 8 figuresand 1 table, RDB2819)

m

11, number6, pages 85-89, June 1969 (RDB2421)
M. O. McLinden (National Institute of Standards lib

R. E. Kauffman (University of Dayton ResearchIn- and Technology,NIST), Thermodynamic Evalua. II
stitute), Accelerated Screening Methods for De- tion of Refrigerants in the Vapor Compression
termining Chemical and Thermal Stability of Cycle Using Reduced Properties, International
Refrigerant-Lubdcant Mixtures, Part h Method Journal of Refrigeration, Parls, France, volume 11, mo
Assessment, final report DOE/CE/23810-10, Air- pages 134-143, 1988 (RDB3212) !1
Conditioningand RefrigerationTechnology Institute
(ARTI),Arlington,VA, April 1993 (42 pages with 2 D.A. Nissenand D. C. Macmillan,Apparatus for
figures and 1 table, available from JMC as RDB- the Measurement of the Physical Properties of BI
3501) Uquida at Elevated Temperature and Pressure, II

This report presents the results of a literature Review of Scientific Instrumentation, volume 54,
search, lt addressesanalyticaltechniquessuit- number7, pages 861rf, 1983 (RDB2818) BI
ablefor developmentintoaccelerated screening II
tests, to evaluate the chemical and thermal sta- D.A. Nissen, A Single Apparatus for the Precise
bilities of refrigerant-lubricant combinations. Measurement of the Physical Properties of Liq.
The search focused on chemical stabilitydata uids at Elevated Temperature and Pressure, re- JB
for R-12, R-22, R-134a, and other refrigerant port SAN080-8034,Sandia National Laboratory,AI.
candidates as well as thermal analytical tech- buquerque,NM, 1980 (30 pages with 9 figuresand

II

niques. The computerized search sourcesand 7 tables,availablefromJMC or NTIS, RDB2248)
approaches are summarized. Identified lit- This report describes an Instrumentdesigned oB
eratureand prepared abstractsare categorized for measuringtheviscosity,surfacetension,and II
as analyses of chlorine-free refrigerants,analy- density of liquidsat elevated temperature (900
ses of chlorinated refrigerants,and accelerated °C, 1650-°F) and pressure (10 atm, 147 psia).
thermalanalytical techniques.Otherdocuments The theoretical principles,details of construc-
are listed in an appendix. Evaluationcriteriafor tion and operation,and responseof the instru- BI
candidate compatibility tests are indicated, ment are discussed in detail. The thermody-
Identified methods are discussed, and two dfr- namic properties of a molten salt mixture was IBm

ferential thermal analytical(DTA) techniquesare measuredfor 250-450 °C (482-842 °F) to test its Bl
outlined for further development. Initial results accuracy. The resultsare shownto be in ex- lE
are presented for one method for separate cellent agreement with published data from
combinationsof R-12 and R-22 with mineraloil. priorstudies, aB
The candidate techniqueswill be evaluated in a I
second phase of the project,for which comple- U. ROcker, H. Knapp,and J. Prausnitz,Calculation
tion is projectedin February1994. of High-Pressure Vapor-Liquid Equilibria from a

Corresponding-States Correlation with Empha- lE
D. E. Kvalnes,The Sealed Tube Test for Refriger. sis on Asymmetric Mixtures, Ind. Eng. Chem. B
ation Oils, Transactions, American Society of Process Des. Der., volume 17, number 3, pages
Heating, Refrigerating,and Air-Conditioning Engt- 324-332, 1978 (RDB2337)
neers (ASHRAE), Atlanta,GA, volume 71, part I, EB
pages 138rf, 1965 (RDB2324) U. ROcker, Berechnung von Hochdruck-Phasen- il

gleichgewichten mit einer Korrespondenz-
B. I. Lee and M. G. Kesler(Mobil Researchand De- meth_de unter besonderer Ber'dcksichtigung
velopment Corporation), A Generalized Thermo. asymmb,_dscher Gemische (Calculationof High-
dynamic Correlation Based on Three-Parameter Pressure Phase Equilibria by Means of a Corre- II
Corresponding Statu, AIChE Joumal, American spondenceMethod Under SpecialConsiderationof
Instituteof Chemical Engineers(AIChE),New York, AsymmetricMixtures),doctoral dissertation,Tech-
NY, volume 21, number 3, pages 510-527, May nischen UniversitJ1tBerlin, Berlin, FRG, 1977 (in
1975 (RDB3341) German, 181pages, RDB3342) II

seeRDB3343for translation
J. Y. Un and M. B. Pate (Iowa State Universityof m
Science and Technology), A Thermal Cortductiv. U. Pl_)cker (Technischen UniversittitBedln, Ger- I
ity Prediction Method for Refrigerant Mixtures in many), Berechnung von Hochdruck-Phasen-
the Liquid Phase, Proceedings of the 1992 inter, gleichgewichten mit einer Korrespondenz-
national Refrigeration Conference - Energy Eft/- metl_ode unter besonderer BedicksicMigung B
ciency and New Refrigerants, edited by D. R. Tree asymmetrischer Gemische (Calculationof High- lE
and J. E. Braun,Puldue University,West Lafayette, Pressure Phase Equilibria by Means of a Corre-

!
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I spondenceMethod Under SpecialConsiderationof Technology Conference, Purdue University,West
Asymmetdc Mixtures), translationof doctoral dis. Lafayette,IN, pages67 rf,July 1974 (RDB2527)
sertation, Oak Ridge National Laboratory, Oak

I Ridge, TN, undatedcirca 1992 (RDB3343) K.S. Sanvordenkerand M. W. Larime (Tecumsehsee RDB3342 for originallanguageversion Products Company), Screening Tnts for Her-
metic Magnet Wire Insulation, paper 71C38EI-39,

N. D. T. Rohatgiand H. O. Spauschus(Spauscl_us Proceedings of the Tenth Electrical Insulation

I Method Conference, Institute of Electrical and Electronic
Associates, Incorporated), for Determin-
ing Flexural Property Changes of Polymeric Engineers (IEEE), New York, NY, pages 122-126,
Materials upon Accelerated Aging in Refriger- September 1971 (5 pages with 3 figuresand 5 ta-

I ant-Lubricant Mixtures, Proceedings of the 1992 bles,RDB2424)International Refrigeration Conference - Energy This paperexamines both the test methodsand
Efficiency and New Refrigerants, edited by D.R. resultsof testing, for magnetwire,insulationfor
Tree and J. E. Braun, Purdue University, West hermeticcompressorsusingR-22. Abrasionre-

BI (9 whLafayette, litN, volume 2, pages 395-403, July 1992 suits (average cycles to failure)are tabulatedpages 6 figuresand 6 tables,RDB2822) and plottedas receivedand followingexposures
This paper describes a test method to deter- for 7-10 days, one month, and three months.
mine changes in flexural properties of small The insulationsexamined includedtwo batches

I of materials after in of urethane modifiedpolyvinylformal (FU), two
samples polymeric aging
refrigerants and/or lubricants. The method batches of polyester-imide (PEI), dual coat
uses linear stressversusstrain curvesand cal- amide-imide topcoat on a polyester base
culated flexuralmodulus of materials. Changes (AI/PE), dual coat polyester(PE/PE), and poly-

imide (PI). The temperatureand elapsed time
I after thermalagingare used to Indicatewhether

a material becomes more flexible (due to ab- for burnoutare tabulated, for these five types of
sorption of liquid lubricant or refrigerant.]ubri- insulations, and compared between en-

i vtronmentsof R-22 and air. Data on retaineddi-
cant mixture)or less flexible (due to possible electdc strength are presented for FU, PEI,
extractionof materialfrom the polymericmatrix AI/PE, PE/PE, and for Formvar urethane andby the liquidphase). The effects of aging time
and temperature also are addressed. The pro- polyesteramideimide (PEAl); Mister,resistance

I cedure provides quantitative measurements is tabulated for ali but PE/PE. Becausethe in-which, along with visual observations,linear teractionsof enamels and R-22, the paper sug-
swelling and changes in hardness,are neces- gests that the rate of R-22 absorptionbe de-
sary to interpret compatibility results from terminedand exposuresadjusted for complete

I sealed-tube tests. Results are reported for saturation. Tests after saturation provide aglass-reinforcednylon6/6, flexible nylon alloy, common basis for comparisons and suitable
plasticized nylon coploymers, and polyamide screening approach for structurally-different
1212 in R-12with mineraloil and in R-134awith enamels.

I an unidentifiedpolyalkylene glycol (PAG)lubri-cant. Density, Shore durometer D hardness, H.O. Spauschus(SpauschusAssociates,Incorpo- -
flexural modulus, visual observations,and di- rated), G. Freeman, and T. L. Staff (Georgia Tech
mensionalchangesare tabulated. Stressversus Research Institute), Surface Analysis of Glass

I strain curvesare plotted both before and after
from Sealed Tubes After Aging with HFC-134a,

aging, presentationcharts (ASHRAEAnnualMeeting, Bal-
timore, MD, June 1992), SpauschusAssociates,In-

I S.M. Sami (Universityof Moncton, Canada) and T. corporated,Atlanta,GA, USA,June 1992 (21 pages
with 7 figuresand 2 tables, availablefrom JMC as

N. Duong (Universityof Sherbrooke,Canada), Dy. RDB2729)namic Performance of Heat Pumps Using Re-
frigerant R-134a, Transactions, American Society This presentationreported findings of an ir,ves-

I of Heating, Refrigerating,and Air-ConditioningEn- tigationof the sealed-tubetest procedure. Thegineers (ASHRAE),Atlanta,GA, volume 97, part 2, studyexaminedwhetherfluoride decomposition
1991; republished in Alternative Refrigerants, tech- products,formed in aging hydrofluorocarbons
nical data bulletin 7(3), ASHRAE, pages 21-27, (HFCs) at high.temperature,reactwiththe glass

I October 1991 (7 pages with 15 figures, RDB2614) surface. The underlyingconcernsare that suchreactions might destroy evidence of other
K. S. Sanvordenkercnd W. Gram (TecumsehProd- chemical reactions and might alsoweaken the
ucts Company), Laboratory Testing Under Con- tubes, posing a safety risk. These concerns

I trolled Environment, Using a Falex Nlachine, challenge the suitabilityof the ANSI/ASHRAEProceedings of the 1974 Purdue Compressor Standard 97-1989 test procedure for HFCs, and
other refrigerants. The charts o_!;!ine prior

I
.t mB

I please see pages 5-8 for ordering information I
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mm
studiesfor and againstfluoride attack of glass (Baltimore,MD), Alliancefor ResponsibleCFC Pol- II
and an experiment to investigate the Issue. icy,Arlington,VA,November 1990 (9 pageswith 10

BE

Glass shards from sealed tubes, used inthermal figuresand 3 tables, RDB2316)

aging tests, were examined by photoelectron
spectrometer. No fluoride was det_ted from X. Xu and D. Clodic (l_coledes Mines de Pads, []
any tube except one treated with hydrofluoric France), Exergy Analysis on a Vapor-Compre_.
acid (HF). The study concluded that R.134a sion Refrigerating System Using R-12, R-134a,
undergoes neither thermal decomposition nor and R-290 as Refrigerants, Proceedings of the lm
reactions with lubricants, metals, or glass at 1992/nternationa/Refrigeration Conference - En. lm
temperatures as high as 200 °C (392 °F). No ergy Efficiency and New Refrigerants, edited by D.
evidencewas found of fluorideformation inthe R. Tree and J. E. Braun, Purdue University, West
absenceof catalysts,such as molecularsieves. Lafayette, IN, volume 1, pages 231-240, July 1992
Thestudy alsoconcludedthat borosilicateglass (10 pageswith 3 figuresand 8 tables, RDB2725) ii
tubes are suited as reactionvessels for sealed-
tube tests. (See RDB2217,RDB2326,RDB2327, Measurement of Two-Phase Refrigerant Uquid- m
RDB2329,and RDB2526for relatedpapers) Vapor Mass Flow Rate, research project 722-RP, IAmerican Societyof Heating, Refrigerating,and Air-

H. O. Spauschusand D. R. Henderson (Spauschus Conditioning Engineers (ASHRAE), Atlanta, GA,
Associates, Incorporated), New Methods of De- April1992 - October 1993 (ASH0722) I
termining Viscosity and Pressure of Refrigerant- This project is developing a meter to measure II
Lubricant Mixtures, Proceedings of the 1990 instantaneousmass flow of two-phase refdger-
USNC/IIR-Purdue Refrigeration Conference and ants for use in laboratories,rating procedures,

ASHRAE-Purdue CFC Conference, edited by D.R. and field monitoring. The contractor for the I
Tree, Purdue University,West Lafayette,IN, pages project is McMaster University(Canada) led by BE

173-176, July 1990 (4 pages with 7 figures,6 page M. Shoukriand J. S. Chang; lt is sponsoredby
preprintavailablefrom JMC as RDB2249) ASHRAETechnical Committee1.2, Instruments m

This paper describesnew methodsfor measur- and Measurements. BI
ingviscosityand vapor pressure of refrigerant- Bl
lubricantmixtures for compositionsof 0-100% Refrigerant Extrac_ion Test, Copeland Corpora-
and temperaturesfrom -40 to 150 °C (-40 to 300 tion, Sidney,OH, undated_circa 1989 (4 pageswith m
oF). The equipment and methods also can be 1 table, availablefrom JMC as RDB0005) I
applied to fluids for absorptionsystems. Auto- This procedure outlinesa test to determine the
matic data acquisition, data reduction, and amount of extractable residue in materials that
computer generated graphicsare utilized. Typi- mare used in hermetic refrigerant system when
cal viscosity-pressure-temperature-composition exposed to refrigerantenvironments. Extracta- |
data are presented to illustrateengineeringap- bles are determined as the fraction of weight
plicability. The method usesa new viscometer, loss after exposureto evaporatingrefrigerantat

based on electromagneticforces and the time elevated temperatureand pressure. Charging I
required for a metallic piston to traverse a data are providedfor R-12, R-22, and R-502. m
knowndistancethroughthe fluid.

H. O. Spauschus and D. R. Hurst, New Stability Refrigerant-Lubricant Soak Test, Copeland CK)r- IIporation,Sidney,OH, undated circa 1989 (3 pages,
Test Methods for Alternative Refrlgerants and availablefromJMC as RDBO007) II
Mlxtures, presentationslidesand abstract(seminar
on Ozone/CFC -Alternative Studies Update), ASH- This procedure outllnes a test to determinethe
RAE 1989 Annual Meeting (Vancouver, BC, effect of materials exposed to a refrigerant-Iu- lm
Canada) SpauschusAssociates,Atlanta,GA, June bricantmixtureat operatingconditions. The pa- ll
1989 (15 pagesas RDB0544) rametersdeterminedare dimensional,including

swell,andweightchange;visualobservationsof
H. O. Spauschusand G. C. Doderer (GeneralElec- decompositionalso are addressed. The proce-
tric Company), Reaction of Refrigerant 12 with dure described is based on thermal-agingin a II
Petroleum Oils, ASHRAE Journal, American Soci- pressure vessel, preceded and followed by
ety of Heating, Refrigerating,and Air.Conditioning measurements. []
Engineers(ASHRAE),Atlanta, GA,volume 3, num- Bber 2, pages 65-69, February1961 (RDB2526) Sealed Glass Tube Method for Determining the

Stability of Materials Used within Refrigeration

H. Wijayaand H. M. Hughes (AIIiedSignalIncorpo- Systems, product engineeringspecificationES23-
rated), A Proposed Procedure for Qualifying 138, Copeland Corporation, Sidney, OH, 11 May li
Halogen Leak Detectors, Proceedings of the In. 1987 (10 pageswith 1 figureand 2 tables, available
ternationa/ CFC and Ha/on Alternatives Conference from JMC as RDB0006)

!
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I . This procedure outlines a sealed-tube test to Nations Environment Programme, Pads, France,
rate the quality of lubdcants with R-12. lt is December 1991 (RDB2318)
based on visual Inspectionof the oil and metal

i (steeland copper)test stdps and the amount of L J. M. Kuijpers et al, Rerfrlg ration, Air Condi.
m reactivity,determined by gas chromatography, tloning, and Heat Pumps-(l"echnical Options

after thermal aging at 175 °C (347 °F) for 3- and Report), Technical Progress on Protecting the

i 14-daypedods. Ozone Layer, United Nations Environment Pro-gramme, Paris, Frarice, 30 June 1989 (172 pages
• Sealed Tube Method to Test the Chemical Sta- with 13 figuresand 24 tables, available from JMC

bility of Material for Use within Refrigeration as RDB2317)

I Systems, standardANSI/ASHRAE 97-1989, Ameri. This report is oneof five preparedto assessthecan Society of Heating, Refrigerating,and Air-Con-
ditioning Engineers (ASHRAE),Atlanta, GA, 1989 statusof technologiesimpacted bythe Montreal
(RDB2251) Protocol and to identify options .for achieving

compliance. The report was prepared by an

i internationalpane( of 48 individuals,Test Method for Inorganic Acid Removal Capac- Artlcle 6 of the Protocol. lt addressesPUrsuantthePro-t°
ity of Desiccants Used in Liquid Unc Filter Drl- tocol and reassessmentprocedure, reffigerants,
ere, proposed researchproject793.TRP, American domestic refrigeration (including refrigerators

I Society of Heating, Refrigerating,Air-ConditioningEngineers (ASHRAE), Atlanta, GA, in planning and other appliances), retail refrigeration
(including commercial uses), transportrefriger-

(ASH0793) ation, cold storage, industrial refrigeration,

i This researchwill develop a method of testing comfort air conditioning, mobile air condition-desiccants, at liquid-line conditions, for inor- lng,heat pumps,and refrigerantrecycling.
ganic acid removalcapacity from circulatingre-
frigerant, lt then will demonstratethe consis-

i tency of the method with different desiccants -and refdgerants. UOP molecular sieve4AX-H6
(8x12), RhSne-Poulencactivated aluminagrade COstSand Performance
A (3-5 mm), and Davison Chemical silica ge(

i grade 407 (8-20 mesh) willbe tested, lt alsowill J.C. Bare (EnvironmentalProtectionAgency,EPA),determine the solubility of hydrochloric acid Simulation of Performance of Chlorine-Free
(HCI) in R-_2 and R-22 at specified tempera. Fluorinated Ethers and Fluorinated Hydrocar-
tures. The work is needed to assistcomponent bons to Replace CFC-ll and CFC.114 in Chil-

l manufacturers in design of filter driers with Iota, paper 3661 (WinterMeeting,Chicago, IL,Jan-maximum performance. The need is height- uary 1993), Transactions, American Society of
Heating, Refdgerating,and Air-ConditioningEngi-

ened by increased refrigerantrecyclingand re- nears (ASHRAE),Atlanta,GA, volume 99, part 1, incovery. This proposed project is sponsored by

I ASHRAETechnicalCommittee3.1, Contaminant publication(RDB3407)
$ $

Control in Refrigeration Systems. Further
informationis availablefrom the ASHRAEMan- M.H. Blatt (Electric Power Research Institute,

EPRI), Electric Chiller=: Coat.Effective Choice

i ager of Research(+ 1-404/636-8500). for the Future, Heating/Piping/Air Conditioning,PentonPublishing,Chicago, IL,volume65, number
3, pages 75-82, March 1993 (6 pageswith4 figures

i and 2 tables, RDB3412)IMPACTS s. corr, P. D. Guy, F. T. Murphy, G. Tompsett (ICI
Chemicalsand Polymers,Limited), andT. W. Dekt-
eva (ICI Americas, Incorporated), Performance

i L J. M. KuiJpers(PhillipsResearch Laboratories) Characteristics of R-134a and Alternative Lubrk
and $. M. Miner (Consultant),The CFC Issue and cams, seminar presentationat the ASHRAEWinter
the CFC Forum at the 1988 Purdue IIR Confer- Meeting, (New York, NY), ICI Americas In-

i corporated, New Ca_e, DE, USA, 22 January 1991once, International Journal of Refrigeration, Paris, (26 pageswith 19 charts,RDB2522)France, volume 12, number3, pages 118-124, May
1989 (8 pages with 4 figures and 2 tables, RDB.
1108) S.W. Crown, H. N. Shapiro, M. B. Pate (lowa State

i University of Science and Technology), A Com-L J. M. KuiJperset al, Refrigeration, Air Condl- padeon Study of the Thermal Performance of R.
tlonlng, and Heat Pumps (Technical Options 12 and R-134a, Proceedings of the 1992 Interna.

Report), Technical Progress on Protecting the tional Refrigeration Conference - Energy EfficiencyOzone Layer, report RWR.570-LK-91423-al,United

i I please see pages 5-8 for ordering information I
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and New Refrigerants, edited by D. R. Tree and J. increase by 1-2 quad (1015 Btu) per year. De- []
E. Braun, Purdue University, West Lafayette, IN, velopmentof advanced technologiescould re- m

volume 1, pages 187-196, July 1992 (10 pages with duce annual energy use by about 0.83 quad.
11 figuresand 2 tables,RDB2720) The major impacts are in applications using []

This paper compares the performance of a 10 foam insulationsblown with CFCs (e.g., refrig- n
kW (3 ton) refrigerationsystemwith R-134a to erators, freezers, water heaters, roofs of com-
R-12. The equipment tested, instrumentation, mercial buildings,and in.sulatedbuilding foun-

dations). The penalty associated with re- []
and test conditionsare described. Boththe ca- frlgerationequipment is smaller, but is contin-pacityand coefficientof performance (COP) are i
plotted as functions of the condenser water gent upon attaining the high compressor effl-
temperature for representativeevaporator tem- ciencies for alternative refrigerants that are

COP and capacity ratios for R-134a availablefor CFCs. iperatures.
to R-12 are similarlyplottedwithvaryingR-134a lm

charges. System performancewas shownto be H.B. Ginder, R-123 versus R-11 Performance
less sensitiveto the charge for R-12. Experi- Test, York InternationalCorporation,York, PA, 19 m
mental resultsshow that R-134a yielded higher July 1989 (2 pageswith 1 table, availablefromJMC i
efficiency and cooling capacity for almost ali as RDBO008)
tests, especially with subcooling of 5.6-7.5 °C The performance of a 200-ten chiller,designed
(10-15 °F). COPs are comparedto pressurera- for R-11 operation,is compared at nominalrat- lm
ties for the two refrigerants,leadingto a conclu- ing conditionsfor R-123 and R-11 with a naph- i
sion that the system can operate at a higher thenic oil. The chiller employs a single-stage
pressureratiowith R-134aand yet havea higher centrifugalcompressorwith an open driveand
COP than with R-12. The effects of operating air-cooledmotor. The resultsat full load indi- []
conditionsare presentedindetail, cate a 16.3% reduction in capacity and an in- R

crease of 9.2% in kW/ten (8% lower efficiency.
R. EI-Bourini,K. Hayashi, and T. Adachi (Calsonic Althoughtesting at loads of 20-100% capacity
Corporation),Automotive Air Conditioning Sym- and varied evaporator and condenser condi- m
tem Performance with HFC-134a Refrigerant, tions are indicated,part-loadperformanceis not []
paper 900214 (SAE InternationalCongressand Ex- reported.
position,Detroit, MI, 26 February- 2 March 1990),
Society of Automotive Engineers (SAE), Warren- P. E. Hansen (Danfoss-Rensburg GmbH, Ger- []
dale, PA, February 1990 (12 pages with 14 figures many) and L. Finsen (Danfoss A/S, Denmark), m

and 3 tables, RDB2252) Lifetime and Reliability of Small Hermetic Com-
pressers Using a Ternary Blend HCFC-22/HFC- BR

S. K. Fischerand F. A. Creswick,Energy-Use lm- 152a/HCFC-124, Proceedings of the 1992 Inter- I
pact of Chlorofluorocarbon Alternatives, report national Refrigeration Conference - Energy Effi-
ORNL/CON-273, Oak Ridge National Laboratory, ciency and New Refrigerants, edited by D. R. Tree
Oak Ridge, TN, February 1989 (138 pages, avail- and J. E. Braun,Purdue University,West Lafayette, []
able from NTIS, RDB0924) IN, volume 2, pages 641-649 July 1992 (9 pages II

This study estimates energy-use impacts of with6 figuresand2tables, RDB2839)
phaseout of chlorofluorocarbon(CFC) refriger-

ants under the Montreal Protocol. Major en- E. Heinzelmannand M. S. Ussyk (EmpresaBrasil- i
ergy-related applications of the fully halo- eira de CompressoresS/A, Embrace), Hermetic m

genated CFCs (R-11,R-12, R-113,R-114,and R- Refrigerating Compressors and CFC Subatitu-
115) were identified. Four groupsof alternative rien, international Journal of Refr/geralton, Pads,

then were considered: 1) chemicals France, volume 14, number 1, pages 10-15, Janu- BBrefrigerants
with very similar properties (near drop-in sub- ary 1991 (6 pageswith 11 figures,RDB1201) []

stitutes); 2) a fallback scenado relying on avail- This paper presents a basic methodology for
able compounds with more product develop- screening substitutes for R-12 in refrigerating []
ment; 3) a worst case in which no new chemi- compressors. Simple analysis of refrigerant !1
cals become available, chlorine-containing thermodynamicpropertiesare presentedwithin
compounds (e.g., R-22) cannot be used, and the rangesof evaporatingand condensingtem-
fiberglass insulationis used in place of CFC- peratures in which small refrigeratingsystems i
blown foams; and 4) an advanced technology operate. Comparisonsof vapor pressure,coef- i
using highly efficient Insulationand refrigeration ficients of performance (COPs), compression
systems. Energy use will not Increase signifi- ratio, final isentropiccompressiontemperature,
cantly if near drop-in compounds(principallyR- and volumetric refrigeranteffect are presented []
134a, R-123, and R-141b) are used. If they do for R-12, R-22, R.134a, and R-152a. Addition- mi
not become available, nationalenergy use will ally, a procedure for developing compressors

for use withalternativerefrigerantsIs presented. ,,

|
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I Material compatlbllty, performance, rellabHlty, charge pressures,run time, power, and energy
andsears ofproductionareconsidered. The use are comparedforR-12, R-152a and three
differences between developed and developing compositions of R-22/152a, narnely14, 22, and

i countriesare noted, usingBrazilas an example. 33%,by mass. The_...data were measuredusingan instrumentedremgerator/freezer (Hang-Tlan
E. D. Lawler, HFC-134a vi R.12 Centrifugal model BCD-177A), reportedas havingthe high-

i Chiller Performance Comparison, SnyderGeneral est efficiency In_theChinese market. A blendCorporation,Staunton,VA, 22 August 1990 (1 page containing appr()xlmatsly 14% R.22 by mass
with 1 table,available fromJMC as ROB0801) offered the lowest energy use, 8.2% less than

The performance of a lO0-ton, single.stage, with R.12; R-152aalone resulted In a savingsof

i hermetic centrifugal water chiller is compared 1.0%. The study found that the freezer crape-for R-12 and R-134a. Both tests were run at rater needs to be enlarged to use R.152a. Ad-
standard rating conditions (ARI Standard 550- dltlonal tests were performed changing the Iu-
88) with the chiller operatlng at its maxlmum brlcant from mlneral oHto an alk_Ibenzene,re.

i capacity. The compressorgearswere changed suiting in slightlyhigher energy use; compati-to Increasethe Impellerspeedto accommodate bilitywas not addressed. The Impacts of leak-
the greater Isentropichead dee requiredwith R- age were assessed based on compliancewith

the Chinese requirement (standard GB 8059.1-

i 134a. The low-pressurecut-outswitchand ther- 3.86) that refrigerantlossesnot exceed0.5 g/yr
mostatic expansion valve were adjusted after
changing refrigerants, but other hardware and (0.02oz/yr). Assumingthat ali refdgerantlost Is
control settings were the same for both tests. R-22, an R-22/152a (30/70 by mass) blend

I The capacity and efficiencyIncreased with R- would fractionate to 25.3% R-22, Improving134a, by0.8 and 4%, respectively, performanceslightly. The paper condudes that
R-22/152a results In lower energy use than for

E. D. Lawler, HFC.134a vi R-SO0 Centrifugal R-12 without change in constructionor perfor-

i Chiller Performance Comparison, SnyderGeneral mance.Corporation, Staunton, VA,29 August1990 (1 page
with 1 tab4e,available from JMC as RDB0802) E.E.A. Lund, R. G. Richard, and I. R. Shanldand

(AJlledSlgnalIncorporated), A Performance Evil.

i The performance of a 112-ton, single.stage, uatlon of Envl[oammlly Acceptable Foamhermetic centrifugalwater chiller Is compared Blowing Agents, Polyurethanes 88 (proceedings
for R-500 and R-134a. Both tests were run at of the 31st SPI Annual Technical and Marketing
standard rating conditions (ARI Standard 550- Conference),pages 290-296, 1988 (7 pages, RDB-

i 88) wtth the chiller operating at its maximum 0502)capacity. The chiller initiallywas tested with R-
500 as a baseflne and then recharged with R- M.O. McLinden (National Institute of Standards
134a. The lubdcant was changed from a naph- and Technology, NIST) and R. Redermacher

i thenic mineral oH (Witco Sunlso(R)4GS) to a:l (Universityof Maryland), Methods for Comparingester (MobilXRL 1681-1). The low-pressurecut- the Performance of Pm and MIxIKI Refrigerants ".
out switch and thermostatic expansion valve in the Vapor Compremdon Cycle, International
were adjusted after changing refrigerants,but Journal of Refrigeration, Pads, France, volume 10,

J other hardware and control settings were the number 6, page_ 318-325, November 1987 (8same for both tests. A third testwas run with pageswith8 figuresand 2 tables, RDB2508)
the Impeller replaced to provide higher flow.
The compressor gears were changed for a M.O. McLJnden(National Institute of Standards

i fourth test to Increase the Impeller speed. The and Technology, NIST), Optimum Refrigerants forcapacity with R-134adecreased by 9.9, 1.3, and Nonldeal Cycle= - An Analysis Employlng
4.1% for the three tests and the efficiencyde- Corresponding States, Proceedi_s of the 1990
creased by 2.8 and 0.5% for the second and USNC/ IIR-Purdue Refrigeration Conference and

i testlk by ASHRAE-Purdue CFC Conference, edited by D. R.
fourth but Increased O.1% for the third.

Tree, Purdue University,West Lafayette,IN, pages
X-Z. Long (BeijingResearch Instituteof Household 69-79, July 1990 (11 pages with 7 figures, RDB-

i Electdc Ap_nce_ China), Testing Study About 0920)
HFC.162i end the Mixture of HFC-152i with
HCFC-22, publication unknown, circa 1991 (8 The principleof corresporcllngstatesIs usedto
pages with 8 figures and 1 table, available from evaluatethe effectsof the thermodynamicchar-

actedstics of working fluid performance in re.

I JMC as RDB2513) frigeration cycles. Desired characteristics,ex-This paper analyzes use of R-162a and blends pressed Interms of the crltlcaltemperatureand
of R-152a with R-22, as substitutesfor R-12 for ideal gas heat capacity using propane as the

B domestic refrigerator/freezers. The freezer and reference fluid, are examined for various de.
food-sectlon temperatures, suctlon and dis-

i please see pages 5-8 for ordering information
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I

parturesfrom the theoretical (ideal)vapor-com- mixtures, containing more than 35% R-32 by I
pressloncycle. The baseline cycle for the com- mass,yielded slightlyImprovedperformancefor
parisons Include compressor efficiency and cooling and slightlylower for heating. Gains of
heat transfer limitations in the condenser and 5% for cooling and 2% for low-temperature I
evaporator. The paper addresses the modified heatingwere measuredand compared to R-22 n
Benedict-Webb-Rubin(MBWR) equationof state for the equivalentspeed and capacities. These
chosen for property calculations, the cycle resultswere achieved usingthe same testappa-
analysis simulationmodel, and the application ratus,without optimizationfor each fluid. Com- n
of the model to the selection of alternative re- parative efficlenciesand capacities are plotted II
frigerants. The results indicate that modifica- for the full range of mass fractions at selected
tions to the basic vapor-compression cycle operatingconditions. An uncertaintyanalysisis
should be considered for refrigerantswith two presentedin an apperclix, but the test results n
or more carbon atoms to achievemaximumen- confirm the validity of the modelling approach mm
ergy efficiency, used. '

J. Pannock,D. A. Didion (National Instituteof Stan- S.M. Saml (Universityof Moncton,Canada) andT. m

m

dardsand Technology,NIST), and R. Radermacher N. Duong (Universityof Sherbrooke,Canada), Dy- I

(Universityof Maryland), Performance Evaluation nsmic Performance of Heat Pumps Using R-
of Chlorine-Free Zeotropic Refrigerant Mixtures 134a, paper 3491, Transactions, American Society I
in Hea_ Pumps - Computer Study and Tests, of Heating, Refrigerating,and Air-ConditioningEn- II
Proceedings of the 1992Intemational Refrigeration gineers (ASHRAE),Atlanta,GA, volume 97, part 2,
Conference - Energy Efficiency and New Refriger- pages 41-47, 1991 (7 pages with 15 figures, RDB-
ants, edited by D. R. Tree and J. E. Braun,Purdue 2346) I
University,West Lafayette, IN, volume 1, pages25- Ii
34, July 1992 (10 pages with 8 figuresand 2 tables, J.R. Sand, E. A. Vineyard,and R. J. Nowak (Oak
RDB2710) Ridge National Laboratory, ORNL), Comparable

Refrigerant Performance Data, Oak Ridge Na- I
J. Pannock and D. A. Didion (National Institute of tional Laboratory, Oak Ridge, TN, July 1989 (8 U
Standards and Technology, NIST), The Per/or- pages with 1 figureand 5 tablesas RDB0543)

manes of Chlorine-Free Binary Zeotropic Refrig- performance comparisonsfor R-12, R-22, R-32,
erant Mixtures in s Heat Pump, report NISTIR R-114, R-124, R-125, R-134, R-134a, R-142b, R- I
4748, National Institute of Standardsand Technol- 143, R.143a, R-152a, R-218, and R-C318 at four
ogy, Gaithersburg,MD, December 1991 (78 pages standardheat pump ratingconditions
with50 figuresand 2 tables, availablefrom NTIS at lm
price code A05, RDB2507) M. W. Spatz (AIIiedSignalIncorporated), Perfor- I

This report examines zeotropic mixtures to re- mance of Alternative Refrigerants from a Sy=-
II

place R-22. 15 binary blends of R-23, R-32, R- tem's Perspective, Proceedings of the Interne-
125, R-134a, R-143a, and R-152a (ali hydrofluo- tiona/ CFC and Haon Alternatives Conference n
rocarbons, HFCs) were evaluated using the (Baltimore,MD), Alliancefor ResponsibleCFC Pol- E
CYCLE11 simulationprogram. The rationalefor icy, Arlington,VA, pages 352-361, December 1991
selecting these component fluids is outlined. (10 pageswith5 figuresand 3 tables,RDB2253)

Efficiency, volumetric capacity, suction pres- The modeled coefficients of performance I
sures, discharge temperatures, and discharge (COPs), capacities,and dischargetemperatures
pressures are analyzed and compared. The for a representative11 kW (3 ton) air-to-airheat
most promisingcandidates, R-32/134a and R- pump are presented for R.22, R-32/R-125 n
32/152a, were tested in a breadboard heat
pump. A seriesof teststo evaluateuse of a Iiq- (60/40), R-134a, and R-152a - ali HFCs. The u

analyseswere made with a modified versionof
ujd-line heat exchanger also was performed, the Oak Ridge National Laboratory (ORNL)
The findingsIndicate that these two zeotropes Mark III Heat Pump System Design Model. Cal- I
may be suitable as replacements for R-22, but culated COPs are tabulated both with simple U
that multiple tradeoffs exist in performance for replacementof R-22 and with reoptimizatlonof
differentcompressor speeds and mixturecom- the expansion device, heat exchangers, and

positions. Performance improvementsof 2 and tubing sizes. Calculationsbased on a simple I
14% were found for R-32/R-152a for the low- (saturated) thermodynamic cycle Indicate 8% []
temperature heating and high temperature lower, 1% lower,and 4% higher efficiencyfor R-
cooling modes, respectively. The ozone deple- 32/R-125, R.134a, and R-152a, respectively,
tion potential of this mixture is zero and the compared to R-22. The magnitude of these dif- n
global warming potential is approximatelyone- ferences shrink when subcooling and super- B
fourththat of R-22, but the mixtureis flammable heatingare introduced. With reoptimization,the
in the entire composition range. R-32/R-134a .differencesrange from -0.3 to +3.2% for a sys- ..

!

I
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I tem optimizedfor both the heating and co(_ing This paperdocumentsa studyof substitutesfor
modes and -0.9 to +0.6% for cooling only, de- R.12 In refrigerators. Analyticaldata are tabu.
pending on the refrigerant. The paper, there- lated for ozone depletion potential, global

I fore,concludesthat whilethesethree alternative warmingpotential,condensingpressure,evapo-refrigerants could be used without significant ratingpressure,pressureratio, compressordis-
energy penalty, other factors need to be ad- charge temperature,capacity,and coefficientof
dressed. The approximately50% higher con- performance (CO.P) for nine pure refrigerants.

I denslngpressure of R-32/R-125 could Increase They Include R-12,R-22, R-123, R-124,R-125,R-costs. Changes in compressordisplacement, 134a, R-142b, R-143a, and R-152a. Based on
increasedfor R.134a and decreasedfor R-32/R- both capacity and COP, only R-134a and R-

i 125, also effectsystem costs. The flammability 152a were found suitable, and R..134awas re-
of R-152a wouldeither eliminateit from consid- jected on the basisof lower efficiency. The pa-
eration or Impact costs by requiringadditional per concludes that the blend of R-22/152a is
safetycontrols, more promisingthan pure R-152a: This finding

i is based on tests that show that addition ofT. G. Start (U.S. Department of Energy,DOE), En- smallamountsof R-22 to R-152a can reduceits
ergy Imp,cations of Global Climate Change, flammability,but still resultIn a vapor pressure
presentationcharts, 1989 ASHRAEAnnualMeeting curve (vapor pressureand temperaturerelation)

I (Vancouver, BC, June 1989), U.S. Department of similarto that of R-12. Tests of a selected re-Energy, Washington, DC, June 1989 (16 pages, frigeratorusingthree differentcompressorsare
RDB1109) summarizedto compare the performanceof R.

12 with two compositionsof R-22/152a. The

I E.A. Vineyard (Oak Ridge National Laboratory, blend requiresa change in magnet wire for theORNL), Laboratory Testing of a Heat Pump SylP motors in hermetic compressors, but suitable
tem Using an R-13B1/R-152a Refrlgerant Mfx- enamelshavebaen identified.
ture, paper 3130, Transactions, Amerlcan Soclety

I of Heating, Refrigerating,a;¢l Air-ConditioningEn- Impact of s CFC Ban on the Cost and Perfor-gineers (ASHRAE),Atlanta,GA, volume 94, part 1, mance of Household Refrigerators, Centrifugal
1988 (11 pages with 8 figures and 4 tables, RDB- Chillers, and Commercial/Industrial Systems,
2329) technical memorandumto U.S. Department of En-

I ergy,Arthur D. Little,Incorporated,Cambridge,MA,J. Zheng and J. W. Pelava (AIIledSignalIncorpo- August1989 (82 pages, RDB1110)

rated), Performance Test of R-12 Alternates in a This report assessesthe potential response of

i Hermstlc Compressor, paper 149, proceedingsof and Impacts on the refrigerationindustry to athe XVlllth InternatlonalCongress of Refdgeratlon regulatoryban on the productionof CFC work.
(Montreal,Qudbec, Canada, August 1991), Interna- Ingfluids bythe year 2000. The primaryfocusis
tlonal Institute of Refrlgeratlon,Pads, France, Au- on the most likely altematlves,in each appllca-

I gust 1991 (11 pages with 3 figuresand 4 tables, tion category, and their Impact on the designRDB2254) and performanceof newequipment. "
This paper presentsmeasured resultsof calo-
rimetertests of replacementsfor R-12 at -23 to Potential Costs of Restricting Chlorofluorocar.

I + 1 °C (-10 to +30 °F) evaporating and 38 and bon Use, report SR/ESD/89-01, Energy Informs.49 °C (100 and 120 °F) condensing. The fluids tion Administration,U.S. Department of Energy,
tested included R-134a with a polyalkylenegly- Washington, DC, August 1989 (88 pages with 33

i col lubricantand four zeotropes with alkylben- figures,10tables, and 2 appendices, RDB1111)zene lubricants. The blends IncludedR.22/R- This report analyzes economic costs for the
124 (55/45 and 43/57 % by weight)and R-22/ UnitedStatesto phase out productionof chloro-
R-152a/R-124 (50/20/30 and 36/24/40). The fluorocarbons(CFCs) by the year 2000. CFCs

i compressor discharge temperature, compres- are divided into two groupsfor the study, onesion ratio, cooling capacity, and efficiencyare compdslngfoams, solvents,and fire extinguish-
comparedto thoseof R-12. ants and onefor application In refrigerationand

air conditioning. The latter Is addressedby an-

l L Zhigang,L Xianding,Y. Jianmln,T. Zhoufang,J. alyzlngthe phase out costs for new equipment,Pingkun (Xi'an Jiao Tong University, China), C. impactson energy efficiencyand the economy,
Zhehua, L Dairu, R. Mlngzhl,Z. Fan, and W. Hong and prematureobsolescenceof existingequip-
(Sha'an Xi Refrigerator Factory, China), Appllca- ment. The report reviewsCFC uses,substitutes,

I tion of HFC.152a/HCFC-22 Blends in Domestic problems associated with phase out, the as-Refrigerators, publication unknown, circa 1992 (7 sessment of impacts, and compadson with a
pages with 3 tables, partially illegible and incom-
plete copy availablefrom JIV_Cas RDB2514) separate but related study. The report con-

cludesthatsubstituteswill Increasecosts by2%

I { please see pages 5-8 for ordering information I
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in new equipment, equating to an Increase of replacechlorofluorocarbons(CFCs). lt then re- I

i

$6.4-12.5 billion In 1989 dollars, lt also found a viewsthe greenhousegas Impactsof refrigerant
1.2% decrease In energy efficiency, leading to emissions,and compares them to other warm- n

Ing sources, lt discussesboth global warming II30-90 TWh (0.1-0.3 quadrillion Btu) higher pri.
mary energy use. The largest Impact would re- potential (GWP) values and their variationwith

n

suit from premature obsolescence costs, as the integrationtime horizon (lTH) selected for
high as $13-2 billion with 75% attributable to analysis. GWPs are plotted for CFC and alter- mm
automobileair conditioners, nativerefrigerantsand as a functionof lTH. The II

paper then summarizesprioranalysesof chiller
Report to the Secretary of Energy on Ozone-De. warmingimpacts,and introducesa recent study
pleting Substances, U.S. Department of Energy, performedfor EPRI. lt summarizesInformation []
Washington, DC, October 1989 (63 pages, RDB- used to calculatehistodcaland projected car- !1
1112) bon dioxide factor (CDF) values, ratios of,car-

analysisof the energy and economiceffects of ergyb°ndioxideused.Theam°untpaperProduCedoutlinesperregionalUnltof en-varla- []

phasing out certain organic chlorine and bro- Itionsin fuelsused to generateelectricityas well
mineproducts as generationand load profiles, lt presentscal-

culatedwarmingfindingson botha nationaland
regionalbases,notingthat the regionaldata can III
be extrapolatedto impacts for otherlocationsor II!

Environmental countries with similar generation mixes. The
paper concludesthat once high-GWPCFCs are m

J. G. Anderson, D. W. Toohey, and W. H. Brune, eliminated,global warming will be more readily IFree Radioals Within the Antarctic Vortex: The Influencedthrough efficiencyimprovementand
Role of CFCs in Antarctic Ozone Lose, Science, emissionreductiontha_lby refrigerantsubstitu-
volume251, pages 39-46, 4 January 1991 (8 pages tions, lt reaffirmsthe findingsof prior studies []
with6 figures,RDB1202) that Indirecteffectdominatesoverdirect, includ- E

This article describesexpedmentsand observa- ingthe combinedImpacts leakage, service,andultimatedisposallosses, lt also notesthat direct
tions linking chlorine and bromine concentra- effect is equivalentto less than a 0.1 to 1.1% []tions with ozone depletion in the antarcticvor-
tex. lt brieflyreportsthe findingsof the National change in efficiency,depending on the refdger- Iant used, once service and disposal lossesare
Science FoundationOzone Expedment (NOZE
I) expedition inthe australspringof 1986. lt de- reduced and CFCs eliminated. Three figures

scribesingreaterdetailthe high-altitudemission show comparative warming on a national and Iand in situ measurements of the subsequent regionalbasisfor chlUersusingR-11, R-12, R-22,
AirborneAntarctic Ozone Experiment. Mathe- R-123, and R-134a as well as direct-fired, ab-
matical equations defining the mechanismsof sorption chillers (double-effect, water/lithium-

for chlodneand bromide). A final plot showsthe progressivere. I
ozonebromine.depletiOnwhatsetsarepresentedAntarcticozone depletion duction in total equivalent warming impact ali

apart inthe contextof globalchange Is both the (TEWI) for R.11 and R-123 for 1985-1995based

severity of the phenomenonand the unusual on emission reductions and efficiency lm- n
decoupling of physicaland chemical time con- provemonts. []
straintsthat control transformationrates in a

G. J. Epsteinand S. P. Manwell (XenergyIncorpo-
specific region of the atmosphere. The article rated), Environmental Tradeoffs Between CFCs

concludesthat the dramatic reductionin ozone and Alternative Refrigerants, ASHRAE Journal, Ioverthe antarctic continentwould not have oc- AmericanSocietyof Heating, Reffigerating,and Air-
curred had CFCs not been released to the at- Conditioning Engineers (ASHRAE), Atlanta, GA,
mosphere, volume 35, number 1, pages 38-44, January 1993

J. M. Calm (Engineering Consultant), Global (7 pageswith 1 figureand 5 tables,RDB3225) I
Warming Impacts of Chillers, Heating/Piping/Air
Conditioning, Penton Publishing,Chicago, IL, vol- D.A. Fisher,C. H. Hales, W-C. Wang, M. K.W. Ko,

ume 65, number 2, pages 28-39, February 1993 (9 and N. D. Sze, Model Calculations of the Relative Ipages with 9 figures and 1 table, available from Effects of CFCe and Their Replacements onGlobal Warming, Nature, volume 344, pages 513-
JMC as RDB3304) 516, 5 April1990 (4 pages, RDB3328)

This paper summadzeea study of comparative []
impactsof chillerson global warming, including S.K. Fischer (Oak Ridge National Labcratory, Ii
both direct (chemical)and indirect (energy-re- ORNL) and M. McFadand (DuPont Chemicals),
lated) effects, lt summarizesrefrigerantoptions Alternatives to CFCs and Global Warming: a
for chillersand usesof alternativerefrigerantsto Systems Approach to Evaluating Net Contribu- II

_.R
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I tions, MRS Bullet/n, Materials Research Society, M.J. Mollna and F. S. Rowland (Universityof Call-volume XVII, number 3, pages39-42 (4 pageswith fomla - Irvine),Stratospheric Sink for Chlorofluo-
2 figuresand 1 table, RDB2413) romethanes: Chlodne Atom Catalysed Destruc-

tion of Ozone, Nature, volume 249, pages 810-812

I S.K. Fischer, P. J. Hughes, P. D. Fairchild (Oak (3 pages,RDB0928)RidgeNationalLaboratory,ORNL), C. L.Kusik,J. T.
Dieckmann, E. M. McMahon, and N. Hobday S.L. Roan, Ozone Crisis: The 15-Year Evolution

i (Arthur D. Little, Incorporated, ADL), Energy and of a Sudden Global Emergency, John Wiley andGlobal Warming Impacts of CFC Alternative Sons, Incorporated, NY, New York, 1989 (292
Technologies, AlternativeFluorocarbonsEnviron- pages,RDB1208)
mental AcceptabilityStudy (AFEAS) and U.S. De- This book reviewsthe 15-year historyof action

I partment of Energy (DOE), Washington,DC, De- and reactionto the ozone-depletionproblem.cember 1991 (602 pages with98 figuresand 40 ta- The text specificallyaddresses the intervention
bles plus supportingfigures and tables in appen- of politics,and the controlboth itand economic
dices, RDB2432) pressureshadoverthe scientificcommunity.

i This report documents detailed analyses ofglobal warming for options to replace chloro- F.S. Rowland (Universityof Califomia- Irvine),The
fluorocarbons (CFCs) inenergy-relatedapplica- CFC Controversy: Issues and Answers, ASHRAE

i tions. The study addressedboth directand in- Journal, American Society of Heating, Refrigerat-
direct effects,namely greenhousegas impacts ing, and Air-ConditioningEngineers(ASHRAE),At-
of chemical emissions and carbon dioxide lanta, GA, volume34, number12, pages 20-27, De-
emissionsfrom associatedenergyuse. The re- cember 1992(6 pageswith 4 tables, RDB3223)

I port compares impacts, for alternative tech-nologies,on the basis of total equivalentwarm- F.S. Rowlandand M. J. Molina (Universityof Call-
ing impact (TEWI). Domesticrefrigerator-freez- fornia - Irvine),Chlorofluoromethane= in the Envi-
ers, commercial refrigeration, commercial ronment, Reviews of Geophysics and Space

I chillers, residential and commercial unitary Physics, American Geophysical Union, Washing-heating and cooling equipment,automobile air ton, DC, volume 13, number 12, pages 1191-1192,
conditioning, building insulation,and solvents 1975 (2 pages,RDB0927)
for metal and electronic cleaning were exam-

I ined on an internationalbasis. The refrigerants M.R. Schoebedand D. I_ Hartmann, The Dynam-addressed for household refrigerationIncluded ics of the Stratospheric Polar Vortex and Its Re.
R-12, R-134a, R-22/152a/124, R-22/142b; ab- lations to Springtime Ozone Depletions, Sci.
sorptionand Stidingcyclesalsowere assessed, ence, volume 251, pages 46-52, 4 January 1991 (7

I R-12, R-22, R-134a, R-502, and R-717 (ammo- pages with 5 figures,RDB1203)nia) were examined for commercial refrigera-
tion. R-11, R-12, R-22, R-123, R-134a, and R- S. Solomonand D. L Albritton (National Oceanic
717 were addressed for commercialair condi- and Atmospheric Administration), Time-Depen-

I tioning along with water-lithium bromide ab- dent Ozone Depletion Potentials for Short- and ,sorptioncycles. R-22, R-134a, and ammonia- Long-Term Forecasts, Nature, volume 357, pages
water absorption were analyzed for unitary air 33-37, 7 May 1992 (5 pages with 3 figuresand 2 ta-

I conditioners. R-12, R.134a, R-152a, R-290 (pro- bles,RDB2A15)pane), and R.22/152a/124 were evaluated for
automotive air conditioningalongwith Brayton S. Solomon,M. Mills (NationalOceanic and Atmo-
and Stidingcycles, spheric Administration),L E. Heidt, W. H. Pollock

(NationalCenterforAtmosphericResearch),and A.

I K. Heade,F. Riza, A.Whitfleld,J. Hemby,J. S. Hoff- F. Tuck (National
Oceanic and AtmosphericAd-

man, and S. Setdel, Analysis of the Environmen- ministration),On the Evaluation of Ozone Deple-
tsl Implicatioml of the Future Growth in Demand tion Potentials, Journal of Geophysical Research,

I for Partially.Halogenated Chlorinated Com- volume97, numberD1, pages825-842, 20 Januarypounds, report EPA 400/1-90-001, U.S. Environ- 1992 (18 pages with 12 figures and 5 tables, RDB-
mental Protection Agency (EPA),Washington,DC, 2A16)
January 1990 (304 pages, RDB1113)

I Assessment of the Impacts Associated with aM. C. MacCrackenet al, (Lawrence Livermore Na- Total CFC Phase Out, final report,Putnam, Hayes
tional Laboratory), Energy and Climate Change and Bartlett, Incorporated, Washington,DC, July
(Report of the DOE Multi-Laboratory Climate 1989 (60 pages, RDB1118)

i Change Committee), Lewis Publishers,Chelsea,MI, USA,February1990 (182pages, RDB2313) IEA Heat Pump Center Newsletter, issueon Heat
Pumps and the Environment, InternationalEnergy

i Agency (IEA) Heat Pump Center (HPC), Sittard,

II please see pages 5-8 for ordering information J
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The Nethedands,volume 7,number 2, June 1989 Scientific Assessment of Stratospheric Ozone: i
(64 pages, RDB0925) 1989 (Appendlx: AFEAS Report), report20, World

[]

This Issue focusesprlmarllyon refrlgerantenvl- Meteorologlcal Organlzatlon, Geneva, Switzerland,
1990,program description, volume II (536 pages, nronmentalimpacts of refrigerants, availablefrom AFEAS;also availablefrom JMC as i

Newly Found Viruses Mig.M be the Key to Con- RDB1117)
trolling Seas, R&D Magazone,Des Plaines, IL, vol- []
ume 32, number 12, December 1990, page 86 (1 The Impact of Heat Pumps on the Greenhouse
page, RDB1114) Effect, report HPC-ASR1, International Energy |

Agency (IEA) Heat Pump Center (HPC), Sittard,
This news brief announces the discovery of a The Netherlands(64 pages,RDB2C08)
group of unspecified aquatic viruses that may i
aid in reducing global warming. These viruses This report summarizesanalysesto determinehow different types of heat pumps can con- []
encourage reproduction of a class of phyto-
plankton that absorb carbon dioxide. Other tribute to reduction of global warming, lt lo-

aquatic viruses could control reproduction of cuses o_ heating-only heat pumps for space iand service-waterheating. Some discussionis
oxygen-absorbingphytoplanktonthat killmarine included of dual-mode (heating and cooling)
life by robbingwater of oxygen. Additionalre-
search is required to better understand these and cooling-onlydevices. The report reviews
virusesand theiraffecton marinelife. the internationalstatus of heat pump use, the ienvironmental concerns with stratospheric m

Possible Environmental Effects of Chiorofluoro- ozone depletionand globalwarming,and actM-
carbons, positionstatementand paper, American ties in selected countriesto address these Is-

and Air-Condi- sues. The analyses were based on separate I
tioningS°cietyEngineers°fHeating,(ASHRAE),Refrigerating,Atlanta,GA, 2 Febru- studiesconducted in member countriesof the

BII

IEA and by various internationalorganizations.
ary 1989 (12 pages,RDB1115) Of the 41 national studies, 32 examine heat

pump roles in reducing emissions of green- n

ScientifiCchairedbyASSessmentD.L Albritton°fOzone(NatlonalDepletlOn:oceanic1991,andhouse gases. Eight address heat pumps rela-
i

Atmospheric Administration,NOAh.)and R. T. Wat- tive to reductionsin electricityor fossil-fueluse.One examines the effects of alternativetech-
son (National Aeronauticsand Space Administra- i
tion, NASA), report 25, World Meteorological nologleson heat pump energy use and green-
Organiz_.tion(WMO), Global Ozone Researchand house gas emissions. The report reviewsthe

II

Monitoring Project, Geneva, Switzerland, 1991, efficiency levels of different types of heat
(340 pages, available from WMO; also available pumps, opportunitiesto reducecarbon dioxide nemissions,and direct warming effects resulting
from JMC as RDB2701) from emissions of working fluids or methane i

This definitive work updates the assessment fuel. The report concludesthat the greatest re-
used in governmental and international deci- duction in warming impact can be achieved by •
sion-makingon protectionof the stratospheric changing to workingfluidswith a lower global l
ozone layer and climate change. The volume warmingpotential. Additionalreductionscan be
addresses source gases including concentra- achieved by reducing lossesduring equipment
tions, emissions, and trends; ozone and tem- operation,through use of hermeticdesignsand n
perature trends; heterogeneous processes in- recyclingof fluids upon retirement. The report l
cluding laboratory, field, and modeling studies; notes that sealingis essentialfor reliabilityand
both stratosphericand tropospheric processes becauseworkingfluidsare frequentlyflammable
including observations and Interpretations; and/or toxic. Addressingthe future of heat n
ozone depletion and chlortneloading potentials pumps, the report notes the need to optimize l
(ODP and CLP values); radiative forcing of cii- the full energysystemincludingimprovementof
mate; future chlodne and bromine loading and power plantefficiencyand use of cogeneration-
ozone depletion; aircraft, rocket and space based power production, n
shuttle effects on stratosphericozone; and ul- !1
traviolet radiation changes. The studywas pre- The Impact of Ozone-Layer Depletion, document
pared by eleven internationalpanels and sub- 7, Global EnvironmentMonitoringSy_em (GEMS),
jected to peer reviews. United Nations EnvironmentProgramme (UNEP), n

Nalrobi,Kenya, 1992 (40 pageswith 17 figuresand
Scientific Assessment of Stratospheric Ozone: 1 table,availablefromJMC as RDB2704)
1989, report 20, Wodd Meteorological Organiza- i
tion, Geneva, Swttzedand,1989, program descrip- This report is one in a sedes that summarizescientific and engineering assessments for |
tion, volume I (534 pages, available from GPO as those without technical qualifications, lt deals
report 1990-259-707:83731;RDB1116) with the effects of ozone depletion on human

i
I
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I health and the environment,and outlinesways Handbook for the Montreal Protocol on Sub-of reducing damage to the ozone layer. This stances That Deplete the Ozone Layer, United
publicationreviewsthe _ientific backgroundfor Nations EnvironmentProgramme, Ozone Secra-

i ozone depletion, includingobservationsof the tariat, Nairobi, Kenya, second edition, OctoberAntarctic ozone hole, midJatitude ozone-layer 1991 (104 pages including2 page errata, available
depletion, and Arctic ozone-layer depletion, lt from JMC as RDB2702)

then addressesthe effectsof ultravioletradiation This documentcontainsthecompletetextof the

I - specificallythe UV-B wavelengths- on lm- MontrealProtocol,originallyadopted in 1987 asmune systems,skin cancer, and increasingeye adjustedand amended inJune 1990and further
damage, lt also discusses impacts on the amended in June 1991. The decisionsof the
oceans and aquaticecosystems,land plants,air Partiesto the MontrealProtocol,that relateto its

I pollution,and damage to materials. The docu- interpretation,at meetings in Helsinki in (May
ment then discusses ozone-friendlytechnolo- 1989), London (June 1990), and Nairobi (June
gles for refrigeration,air conditioning, and other 1991) appear as footnotes to thb Articlesto

I uses. lt stressesthe importance of global co- whichthey pertain. The handbookalso Includesoperation and the need for recycling and de- thefollowingappendices: the Helsinki Declare.
struction of chlorofluorocarbons (CFCs) and tion on Protection of the Ozone Layer (2 May
halons. The reportdiscussesfuture policyOl3- 1989); declarations by Australia, Austria, Bel-

l tionsand listsseveralinformationsources, glum, Canada, Denmark, Finland, Germany,Liechtenstein,Netherlands, New Zealand, Nor-
The Ozone Layer, document2, EnvironmentMon- way, Sweden, and Switzerlandon phaseout of
itoring System (GEMS), United Nations Environ- CFCs not later than 1997 (June 1990); resolu-

I ment Programme (UNEP), NaJrobi, Kenya, 1987 tion by represented partieson more stringent(RDB2703) measures (June 1990); statementsby Austria,
Denmark, Germany, Finland,Norway, Sweden,
and Switzedand on more stringent measures

I (June 1991); status of ratification (September1991, now superseded); listof relevant publica-
REGULATORYACTIONS tions; nonconfidential production and con-

sumptiondata regardingcontrolledsubstances;

I Criteria for Projects under the Multilateral Fund;namesand address of assessmentpanel chair-
men; annotatedVienna Convention for the Pro-

tection of the Ozone Layer; statusof ratification
International of the Vienna Convention (September 1991;

now superseded);and the Rules of Procedure.
S. C. McDonald, International Aspects of Restric- The ViennaConventionwas adopted in Vienna

I tions on Ozone-Depleting Substances, report on 22 March 1985 and entered intoforce on 22PNL-7163, Pacific No_hwest Laborator,t,Richland, September 1988. The Montreal Protocol was •
WA, October 1989 (72 pages with 7 tables, avail- adopted in Montrealon 16 September1987and
able from NTIS, RDB2B06) entered into force on 1 January 1989; the

I Amendmentwas adopted in London on 29 JuneThis report summarizesinternationaleffortsre- 1990and entered intoforce on 10August1992.
lated to protection of stratosphericozone as
well as implicationsfor the United States. lt in- Handbook for the Montreal Protocol on Sub-

i cludes a dlscusslonof actlvttlesIn other coun- stances That Deplete the Ozone Layer, docu-tdes to meet restrlctlonsin productionand use ment UNEP/OzI.Pro.3/7, United Natlons Environ-
of ozonedepletlng substances (ODSs). Data ment Programme,Ozone Secretariat,Nairobl,Ken-
are presented on use of controlled ODSs in ya, May 1991 (130 pages, RDB2349)these countries. The documentconcludeswith

I presentationof trade and Internationalcompeti- This version has been superseded; see RDB-
tiveness Issues relatingto transitionto alterna- 2702.
fivesto the regulated chlorofluorocarbonsand

I halons. Information is provided on foreign Montreal Protocol on Substances That Depletechemical manufactureand the search for alter- the Ozone Layer, workingversion,United Nations
natives to regulated substances. Appendices Environment Programme, June 1990 (28 pages,
identify participants in the Vienna Convention RDB1119)

I and Montreal Protocol,a draft declarationfrom This text is an unofficialcomposite version ofthe Helsinklmeeting in May 1989 of parties to the MontrealProtocolas amended in London in
the Montreal Protocol, and the 1987 text of the June 1990. This version has been superseded;

i Protocol Itself. see RDB2702.

!111 please see pages 5-8 for ordering information J
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CFC and Ha/on Alternatives Conference (Washing- mm
ton, DC), Alliancefor ResponsibleCFC Policy, Ar- m

Code of Prsctice for the ReducUon of Chloro- lington, VA, pages 105-114, September 1992 (10
fluorocarbon Emissions from Refrigeration and pages with3 figuresand6 tables,RDB2A06) m

Air Conditioning Systems, document EPS- m
1/RA/l, Environment Canada, Ottawa, Ontario, P.K. Bansal,T. Dutto, and B. Hivet, Performance m

Canada,March 1991 (27 pages, RDB3218) Evaluation of Environmentally Benign Refriger-
ants in Heat Pumps: A Sifnulation Study, Inter. m

Measures of Rationalization of Use end Control national Journal of Refrigeration, Paris, France, !
of Emission for Specified CFCs, interim report, volume 15, number 6, June 1992, pages 340-348
Ozone Layer Committee, Chemical Product Coun- (RDB2C03)
cii, Ministry of International Trade and Industry, IN
Tokyo, Japan, 26 October 1988 (34 pages, RDB- K. Beermannand H. Kruse (UnNersit_tHannover, l
1131) Germany), Experiences with the Refrigerant R-

134a as a "Drop-In"Replacement in a Large We-
Refrigeration Equipment and Heat Pumps Using ter-Water Heat Pump, Proceedings of the 1992In- mm
CFCs/HCFCI: The Refrigersnts Order and ternational Refrigeration Conference- Energy Ef- m
Comments, Swedish National EnvironmentalPro- flciency and New Refrigerants, edited by D. R. Tree
tection Agency, Stockholm, Sweden, 1988 (71 and J. E. Braun,Purdue University,West Lafayette,
pages,RDB1130) IN, volume 1, pages 211-219, July 1992 (9 pages

with4 figuresand4 tables,RDB2723) m
Refrigeration Safety Regulation, translatedby the
Japan Refrigerationand Air ConditioningIndustry A.L. Beyedein,D. D. DesMarteau, S. H. Hwang
Association,Tokyo, Japan (36 pages,RDB1132) (Clemson University),N. D. Smith (Environmental B

Protection Agency, EPA), and P. Joyner (Electric II
Power Research Institute, EPRI), Physical Prop-
ertles of Fluorineted Propane and Butane B,
Derivatives as Alternative Refrigerants, paper I3658 (Winter Meeting, Chicago, IL, January 1993),

SUBSTITUTE REFRIGERANTS Transactions, American Society of Heating, Refrig-
erating,and Air-ConditioningEngineers(ASHRAE), m
Atlanta,GA, volume 99, part 1, in publication (12 I

J. I_ Adcock, S. B. Mathur, W. A. Van Hook, H.Q. pages with10 tables,RDB3408)
Huang,M. Narkhede,and B-H. Wang (Universityof
Tennessee), Fluorinated Ethers - A New Series A.L. Beyedein,D. D. DesMarteau, S. H. Hwang m
of CFC Substitutes, Proceedings of the Interne. (Clemson University),N. D. Smith (Environmental m
tional CFC and Halon Alternatives Conference ProtectionAgency, EPA), and P. Joyner (Electric
(Baltimore,MD), Alliancefor ResponsibleCFC Pol- Power Research Institute, EPRI), Physical Prop
icy,Arlington,VA, pages 386-395, December 1991 erty Data on Fluorinated Propanes and Butanes m
_10pages with 6 tables,RDB2255) as CFC and HCFC Alternatives, Proceedings of II

the International CFC and Halon Alternatives Con-
A. Advani (Safeway Incorporated), Alternate Re- ference (Baltimore,MD), Alliancefor Responsible
frigerants and Energy Savings In Supermarkets, CFC Policy,Arlington,VA, pages396-405, Decem- ml
ASHRAEJournal, AmericanSociety of Heating,Re- ber 1991 (10 pageswith5 tables, RDB2256) m
frtgerating,and Air-ConditioningEngineers (ASH-
RAE), Atlanta, GA.,volume 34, number 12, pages E.C. Bedinck,C. A. T. Urlu,T. B. Herbas,and J. A. m

40-42, December 1992 (3 pages with 4 figures, R. Parise (Pontif{ciaUniversidadeCat_ica do Rio IN
RDB3224) de Janeiro, Brazil), Performance Analysis of Do- BI

mestic Heat Pump Units Running on CFC Sub-
J. Allcott (McQuay Reffigeratlon, SnyderGeneral stitutes, presented at the 1990 USNC/llR-Purdue m
Corporation, UK), HFC-134a and Centrifugal Refrigeration Conference and ASHRAE-Purdue l
Compressors, CFC Alternatives: User Experience CFC Conference (Purdue University, West
and Update, Institution of Mechanical Engineers Lafayette,IN, July 1990); publishedin the Proceed.
and Institute of Refi'tgeration, London, UK, 11 ings of the 1992Intemational Refrtgeration Confer- Bl
November 1992 (9 pages with 4 figuresand 5 ta- ence - Energy Efficiency and New Refrigerants, m
hies,RDB3336) edited by D. R. Tree and J. E. Braun, Purdue Uni-

versity, West Lafayette, IN, volume 2, pages 693-
D. Amaud, S. Macaudlere, J. C. Tanguy,and P.F. 702, July1992 (10 pageswith 5 figures,RDB2843) m
Radice(Efr AtochemS. A., France), Properties of I
Blends Which Can Be Used as R-S02 Substitutes
in Refrigeration, Proceedings of the International

i
I
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I D.J.G. Butler (BuildingResearch Establishment, I 11 November 1992 (12 pages with 9 tables, RDB-UK),Summary of Trials with New Refrigerants in I 3329)
Air Conditioning, CFC Alternatives: User Experi-

i ence and Update, Institution of Mechanical Engi- T. W. Dekleva, R. Yost (ICI Americas, Incor-neersand Institute of Refrigeration,London,UK, 11 porated), S. Corr, R. D. Gregson,G. Tompsett(ICI
November1992 (10 pageswith 2 figuresand 3 ta- Chemicals and Polymers, Limited), T. Nishizawa,
bles,RDB3334) and Y. Obata (ICI Japan), Investigationa into the

i Potential Effects of_ProcessChemicals and Ma-J. M. Calm (EngineeringConsultant), Alternative terlals on the Long-Term Performance of Home
Refrigerants: Challenges and Opportunities, Appliances, Proceedings of the Intemationa/CFC
Heating/Piping/Air Conditioning, Penton Publish- and Ha/on Alternatives Conference (Washington,

I ing, Chicago, IL, volume 64, number5, pages 38- DC), Alliance for Responsible CFC Policy, Arling-49, May 1992 (8 pages with 5 figuresand 1 table, ton, VA, 29 September 1992 (17 pages with 4 fig-
availablefromJMC as RDB2621) uresand 7 tables,RDB2913) ,

i This article reviewsthe statusand optionsavail-
able for refrigerantsin chillers,withemphasison S. Devotta and S. Gopichand (National Chemical
use of R-22, R-123, R-134a, R-717 (ammonia), Laboratory, India), Comparative Assessment of
and absorptioncycles. The efficiency,global- Some Flammable Refrigerants as Alternatives to

I warming potential (GWP), ozone-depletionpo- CFC-12, Proceedings of the 1992 Internationa/tential (ODP), flammability,toxicity,and cost of Refrigeration Conference - Energy Efficiency and
refrigerantsare discussed;quantitativedata are New Refrigerants, edited by D. R. Tree and J. E.
tabulated. A figure showsthe capacity ranges Braun, Purdue University,West Lafayette, IN, vol-

ume 1, pages 249-257, July 1992 (9 pages with 4

I and types of equipment availableby refrigerant.Comparative ODP, GWP,efficiency,and capac- figuresand 1 table,RDB2727)
ity are plotted for R-123 and R-11, R-134a and This paper reviewsthe need for assessmentof
R-12, and R-134a and R-500. Cost projections flammable refrigerantsand the implicationsof

I (with excise taxes) are plotted for the refriger- using such fluidsas altematives to R-12. Be-ants reviewed. Optionsare discussedfor exist- cause of the complexitiesand potentialadverse
ingequipment,includingcontinueduse, retrofit, findings in qualifying alternative refrigerants,
and replacement. Safety and other consid- there may not be adequate time for developed

I erationsare reviewedfor the alternativerefriger- countriesto fullyevaluatenew fluids. Develop-ants. The paper concludes that good options ing countries such as India and China, which
are availableprovidedthat soundengineeringis are self-reliantinthe manufactureof refrigerants
used. and equipment,are short of funds and cannot

I afford to introduce transition fluids, such asR. Camporese, B. Boldrin,M. Scattolini(Consiglio HCFCs and possiblyHFCs, and then change
Nazionale della Ricerche, Italy), and G. CordeUa again. Global environmentalconcern requires

i (Universit_di Udine, Italy), Improvement of R- that flammable fluidsalso be considered, some
134a Performance by Addition of R-290, Pro- of whichwere used inthe pasteven in homere- :
ceedings of the 1992 International Refrigeration frigerators. Flammabilityis consideredto pose
Conference - Energy Efficiency and New Refriger- a lowerriskthantoxicity. The paper reviewsthe

I ants, edited by D. R. Tree and J. E. Braun, Purdue theoretical performanceand flammabilityof R-University,West Lafayette,IN, volume 1, pages 45- 142b, R-152a, R-C270 (cyclopropane), R-290
52, July 1992 (8 pages with 9 figuresand 3 tables, (propane),R-600 (butane), R-6OOa(isobutane).
RDB2712) The pressure ratios, specific compressor dis-

I placements, theoreticalefficiency,and specificL. Canren,Y. Zhao, and M. Yitai (TianjinUniversity, shaftpower are plottsdfor these refdgerantsas
China), Invntigation of Using the Ternary Mix- functionsof the evaporating temperaturefor a
ture aa the Alterrmtive for R-12, Proceedings of rangeof -35 to +5 °C (-31 to +41 °F) for a 50 °C

I the 1992 International Refrigeration Conference - (122 oF) condensingtemperature. The perfor-Energy Efficiency and New Refrigerants, edited by mance, flammability and environmentaldata,
D. R. Tree and J. E. Braun,Purdue University,West and fundamental properties are tabulated and
Lafayette, IN, volume 2, pages 661-667, July 1992 compared to those of R-12. Means to reduce

I (7 pages with 3 figuresand 2 tables,RDB2841) leaks and charge quantities are discussed aswaysto reducethe risks. R-C270 wouldrequire
N. E. Carpenter(ICI Chemicalsand Polymers,Lim- smaller compressors and may offer superior
ited), An Overview: Optiona for the Supply of AI- performance. R-152a may be preferred based

I ternative Refrigerants, CFC Alternatives: User Ex. on its lowerflammabilityand experiencewithit.perience and Update, Institutionof MechanicalEn-
gineers and Institute of Refrigeration,London,UK,

!



Page 98 Refrigerant Databa=e i

i
D. A. Didion (National Institute of Standards and are presented. Summary fluid propertiesand BB
Technology, NIST) and D. B. BIvens (DuPont results for the constant exchanger loading

i

Chemicals), Role of Refrigerant Mixtures as AI- cases are tabulated. They Indicate efficiency
ternatives to CFCs, International Journal of Refrig. lossesof 1-16% for the R-22 alternativesand 3- []
eration, Paris,France,volume 13, 1990 (RDB2C04) 7% fo: the R-502 alternatives. Corresponding I!

changes in volumetriccapacityrange from 31%
D. A. Didion (National Institute of Standards and lower to 55% higherand from8% lowerto 13%
Technology, NIST), R. Cohen, and D. R. Tree higher than R-22 and R-502, respectively. The i
(PurdueUniversity),The Role of R-22 in Refriger- reportnotes, however,that thesefindingswould !1
ating and Air.Conditioning Equipment, Interna- change with consideration of differences in
tionalColloquiumon Refrigerationand CFCs (Brus- transportproperties. The report abstractlydis-
sels, Belgium, March 1990), InternationalInstitute cussesthe influenceof critical temperature on i
of Refrigeration,Paris, France, to be published(18 performanceand unavoidabletrade off between i
pages with 6 figuresand 3 tables,RDB0921) COP and volumetric capacity, lt also reviews

the impactsof heat capacity, liquid thermal ii

D. A. Didion,Energy Performance Potential of the conductivity,and liquidviscosity; neitherthese BI
Alaskan Air Conditioning Company's Refriger- transport properties nor toxicityand flammabil- II
ant Mixture ["R-176"], National Institute of, Stan- ity were otherwiseaddressed. Two appendices
dards and Technology(thenthe NationalBureau of summarizethe nomenclatureused in the report ii
Standards), Gaithersburg, MD, July 1984 (RDB- and describethe CYCLE-11 model. Athird tab- I2320) ulates vapor heat capacity, liquid and vapor

thermal conductivity, and liquid and vapor vis-
P. A. Domanskland D. A. Dldlo,,_(National Institute cosityforthe fluidsaddressed. I
of Standards and Technology, NIST), Theoretical |
Evaluation of R22 and R502 _Uternatives, report R.E. Ertinger (CarrierCorporation),HCFC-22: Re-
DOE/CE/23810-7, Alr-ConclP:iordng_lnd Refriger- quirements for Unitary Products, Proceedings of
ation Technology Institute (ARTi), Arlington, VA, the International CFC and Ha/on Alternatives Con- IB
January 1993 (32 pages with 19 figures and 7 ta- ference (Baltimore, MD), Alliance for Responsible II
bles, available from JMC as RDB3305) CFC Policy, Arlington, VA, pages 340-347, Decem-

This report evaluates performance of candidate ber 1991 (8 pageswith 3 figures,RDB2257) mi
refrigerantsto replace R-22 and R-502. The al- This paperestimatesthe annualquantityof R-22 IB
ternativescompared to R-22 includeR-32/R-125 required internationallyfor unitary equipment am
(60/40), R-32/R-125/R-134a (10/70/20), R- throughthe year 2000. Based on itsproperties,
32/R-125/R-134a (30/10/60), R-32/R-125/R- includingefficiency,low cost,and safety,R-22 is i
290/R-134a (20/55/5/20), R-32/R-134a the mostwidelyused refrigerant.The paper es- I(25/75), R-32/R-134a (30/70), R-32/R-227ea timates its 1990 use to be 160 millionkg (352
(35/65), R-134a, and R-290 (propane). The millionIbs), of which 14% was used for equip
analysesare based on a semi-theoreticalmodel, ment other than unitary (e.g., existingand new []
CYCLE-11, with cross-flow heat transfer in the chillers). For the unitaryportion,24% was used |
evaporator and condenser. Thermodynamic in new products and 76% to service existing
propertieswere calculated usingthe Carnahan- equipment. Two parametricscenariosare pre-
Starling-DeSantis(CSD) equationof state. The sented: (1) 3, 5, and 7% growth in demand for i
conditions examined approximate outdoor rat- unitary products with no change in service II
ing conditions for residential heat pumps, practices,and (2) recoveryincreasingto 40, 60,
namely27.8 and35 °C (82 and 95 °F)for cooling or 80 %/yr by 2000. Based on assumptionsfor
and -8.3 and 8.3 °C (17 and 47 °F). Calculated usage in room air-conditioners,duct-free split i
volumetric capacities, coefficients of perfor- systems,ducted systems,and commercial unl- Ii
mance (COPs), pressure lift, and compressor tary systems,the paper projectsa range of 77-
discharge temperatures and pressures are 149 millionkg (169-327 millionIbs), depending
_otted. The analysesare presentedfor "drop- on recoverylevels,to be requiredin 2000 at the
in" conditions (constantheat exchange_s), con- 5% annualnew-productgrowthrate. Hl
stantheat exchanger loading,and with addition
of a liquid-suctionheat exchanger. The alterna- S.K. Fischer (Oak Ridge National Laboratory, aB
tires compared to R-502 are R-32/125/143a ORNL), An Analytical Screening of Alternatives I(10/45/45), R-125/R-143a (45/55), and R- for R-502 in Low-Temperature Refrigerating Ap-
125/R-143a/R-134a (44/52/4). These fluidsare plications, paper 3617 (AnnualMeeting,Baltimore,
examined at typical conditions for commercial MD, June 1992), Transactions, AmericanSociety of i
refrigeration,namely-23.3 and35 =C(-10 and 95 Heating, Refrigerating,and Air-ConditioningEngi- I
°F) for the fluid entering the evaporator and neers (ASHRAE), Atlanta, GA, volume 98, part 2,
condenser, respectively. Simulationcases and
resultssimilarto those for the R-22alternatives IB

il

I
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I J 188-203, 1992 (15 with 9 figures and Emphasists placed
pages pages on beveragecoolers, cool-
11tables, RDB2602) ing units for electronics, commercial refrigera-

tors, and heat pump water heaters (HPWHs).

J.N. Friedman, Experimental Evaluation of Cooling capacities are plotted for R-12 and R-Alaskan Air CondlUoning Company's Mixed Re- 134a based on calorimetrictests of a compres-
frigerant R-176, Carder Corporation, Syracuse, sor, showingthat the capacity of R-12 and R-
NY, 17 August1984 (13 pages with2 figuresand 4 134a are similar,but slightlygreaterfor R-12 at

I tables,available from JMC as RDB1RO1) low evaporatingtemperaturesand for R-134aatThe measured performance of a zeotropic hightemperatures. Coefficientsof performance
ternary blend, R-12/R-22/R-142b (15/25/60) is (COP) are similarlyplotted, showingno penalty
compared to that of R-22for two residentialheat with R-134a in compressorsoptimizedfor R-12.

I The unitstested included an air-to-we- Tests of a HPWH showed reduced operating
pumps.
ter heating-onlymodeland an air-to-airheating- time with R-134a due to its higher capacity.
and-coolingmodel. The chargeand expansion More favorable resultswith systemsoptimized
device orifice (Accurator(R)piston size)were for R-134a are suggested. The relative miscibil-

I ity of mineraloil in R-12and estersin R-134aareoptimized for capacity and efficiency. The
heatingcapacity and coefficientof performance discussed, noting higher concern with design
(COP) were approximately52 and 15% lower, for oil returnfor the latter. The paper notesthat

I respectively,with the refrigerantblend thanwith new ester lubricantshave the advantageof be-R-22 inthe air-to-waterheat pump. The heating ing biodegradable. Moisture implicationsand
and cooling capacities were approximately35 the need for higher drying with ester lubricants
and 46% lower, respectively, in the air-to-air are discussed. Residualchlorinefrom retrofits

I heat pump, but the efficiencyIncreased by ap- leads to Increasedwear with R.134a andesters.proximately10% in the cooling mode and was The paper arguesagainstconversionfrom R-12
nearly the same for heating. The test proce- to R-134a for small refrigerationsystems, but
dures and conditionsare described in the re- concludesthatR-134a can be successfullyused

I port. The study concluded that the mixture is in new systems.-not a viable replacementin Carrierheat pump
systems operating in the heating mode. Addi- G.H. Goble (PeoplesWeldingSupply), A Drop.In
tional testing is recommended to determine if CFC-12 Replacement for Automotive Air Condl-

I tioning, Proceedings of the 1992 International Re-increasesin efficiencycan be achievedwith the frigeration Conference - Energy Efficiency andmixture in the cooling mode, based on further
capillary tube and refrigerantcharge optimiza- New Refrigerants, edited by D. R. Tree and J. E.
tion,despite the decreasedcoolingcapacity. Braun, Purdue University,West Lafayette,IN, vol-

I ume 2, pages 607-609, July 1992 (3 pages, RDB-C. L. Gage (U.S. EnvironmentalProtectionAgency, 2835)
EPA) and G. S. Kazachki (Acurex Environmental This paper presentsa ternary zeotroplc blend,

I Corporation),Predictions of Azeotropes Formed proposedas a transitionfluid, to replaceR-12 infrom Fluorinated Ether, Ethane, and Propane automotive air conditioners. The blend is R- -.
Azeotropes, Proceedings of the 1992/ntemationa/ 22/R-600a/R-142b (55/8/37), which offers an
Refrigeration Conference - Energy Efficiency and ozone depletion potentialof 0.05 and compati-

I New Refrigerants, edited by D. R. Tree and J.E. bilitywith mineraloils. lt has beentested in ap-Braun, Purdue University,West Lafayette, IN, vol- proximately 150 vehicles, two since August
ume 2, pages 611., July 1992 (9 pages with 6 fig- 1990. Only one failure has resulted,but lt was
uresand 3 tables, RDB2836) not attributed to the refrigerantchange. Colder

I air delivery than for R-12 was found; the con-K. D. Gerdsmeyer (DanfossGmbH, Germany), R- densing temperature is higher, thoughstill low
134a in Small Commercial Refrigeration Sys- enough to prevent refrigerant-oil breakdown.
terns: Some Practical A|pectl, Proceedings of The isobutanecontent makesthe blend miscible

I the 1992 International Refrigeration Conference - in standard mineral oils, includingWitco Sun-Energy Efficiency and New Refrigerants, edited by iso(R)3GS and 5GS naphthenicoilsand Virginia
D. R. Tree and J. E. Braun,Purdue University,West KMP 150 paraffinicoi1. The flammability,both

I Lafayette, IN, volume 1, pages 197-202, July 1992 as compounded and after fractionation from
(10 pageswith 4 figures,RDB2721) leakage,is reviewed. Testingof a silane-based,

This paper present findings with R-134a in desiccantand sealantadditive are describedto
commercial refrigerationequipment for evapo- reduce refrigerantleaks. The paper notes that

I rating temperaturesof -15 to +15 °C (5-59 °F) the blend composition can be customized forwith small hermetic compressors (with dis- hotclimates.
placements volumes up to 20 cm3, 1.2 In3).

!
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L.. R. Grzytl and C. F. Parish (Mainstream Engi- scheduleof the Montreal Protocol and identifies lm
neeringCorporation),An Innovative Approach for alternativerefrigerantsthat are available. The ii
the Screening and Development of CFC Alter. paper addresses R-134a, R-401 (R-
natives, Proceedings of the 1992Intemationa/Re. 22/152a/124) blends, R-152a/227ea (80/20), m
frigeration Conference - Energy Efficiency and and R-134a/152a (85/15) as alternativesfor R- INew Refrigerants, edited by D. R. Tree and J.E. 12 as well as R-402 (R-125/290/22) blends, R-
Braun, Purdue University,West Lafayette, IN, vol- 290/22/218 blends,and R-22as alternativesfor
ume 2, pages 415-424, July 1992 (10 pages with 6 R-502. lt then discusses"longer-rangeoptions, lib
figuresand 4 tables,RDB2824) specificallythose under investigationin the Al- I

ternative Refrigerants Evaluation Program
L-Z. Han, M-S. Zhu, and Z-Z. Lin (TsinghuaUniver- (AREP). They include R-32/125 (60/40), R-
sity,China),Experimental Study on Blend HCFC- 32/134a (25/75) and (30/70), R-32/125/134a IB
22/HFC-152a as a Refrigerant in Refrigerator, (10/70/20) and (30/10/60), R- B
Proceedings of the International CFC and Halon 32/125/290/134a (20/55/5/20), R-32/227ea
A/ternatives Conference (Baltimore, MD), Alliance (35/65), R-134a, R-290 (propane), and R-717
for ResponsibleCFC Policy, Arlington,VA, pages (ammonia) as R-22 replacements and R- III
494-501, December 1991 (8 pages with 4 figures 125/143a (45/55), R-125/R-143a/R-134a II
and 1 table, RDB2311) (44/52/4), and R-32/125/134a (10/45/45) as

replacementsfor R-502. Two tables summarize
G. G. Haselden and L Kllmek, An Experimental near term and longer-range alternatives and I
Study of the Use of Mixed Refrigerants for Non- identifytheir compositions,characteristics,and II
isothermal Refrigeration, Proceedings of the in. for some potentialapplications. The paper out-
stitute of Refrigeration, pages 129-148, 1957 (20 linesongoingresearchof thesefluids, including am

pageswith 10 figuresand 1 table,RDB2C02) determinationof propertiesand investigationof BI
materials compatibility, lt suggests potential gB

H. T. Hauk_s (Norwegian Institute of Technology, changes in equipment design, particularlyfor
Norway), Practical Performance of Alternatives zeotropes, for the new fluids. They include m
to R-12 and R-502 in Refrlgeratora and Freezm, considerations for temperature glides, influ- ICFC Alternatives: User Experience and Update, In- ences of compositionchange on heat transfer,
stitution of Mechanical Engineers and Instituteof counterflow heat exchangers, composition
Refrigeration,London, UK, 11 November 1992 (7 maintenancein chargingand servicing,and re- BB
pages with 9 figuresand 2 tables,RDB3333) quirementsfor testingand fielddiagnosis. Two !

figures illustrate the temperature glide for
X. He, U. C. Spindler_D. Jung,and R. Radermacher zeotropes. The paper then surveys recluire-
(Universityof Maryland), Investigation of R-22/R- ments and complexities for service including lib
142b Mixture as a Substitute for R-12 in Single- prohibitionsagainstventing,labelingneeds,and II
Evaporator Domestic Refrigerators, paper 3557 compositionmaintenancefor blends, lt briefly
(Winter Meeting, Anaheim, CA, January 1992), mentionsconsiderationsfor retrofit conversions.
Transactions, American Society of Heating, Refrig- The paper concludes that new refrigerantsare mm
erating,and Air-ConditioningEngineers(ASHRAE), likelyto be more expensivethan thosethey re- II
Atlanta, GA, volume 98, part 1, pages 150-159, place, design emphasis is required for charge
1992 (10 pages with 10 figuresand 1 table, ROB- reductionand leak avoidance, and that work is
2340) needed to examinechanges to improveperfor- I_

mance withrefrigerantblends, lt alsonotesthat Ii
R. D. Heap (Shipowners RefrigeratedCargo Re- propaneandammoniaare likely to receivefresh
search Association,UK), Practical Application of considerationinthe turmoilcreated bychanges. IIII

Alternative Refrigerants in Refrigerated Trans- BE
port, CFC Alternatives: User Experience and Up- H.M. Hughes (AlliedSignai Incorporated), Non- gB
date, Institutionof Mechanical Engineers and In- Ozone Depleting Refrigerants for Centrifugal
stitute of Refrigeration,London, UK, 11 November Compressors, Proceedings of the International lm
1992 (7 pageswith3 tables, RDB3332) CFC and Halon Alternatives Conference (Washing- I

ton, DC), Alliance for ResponsibleCFC Policy,Ar-
K. E. Hickman (York International Corporation), lington,VA, pages41-46, September 1992 (6 pages
Refrigerants After CFCI - What Are the Choices, with 4 figures,RDB2A01) IB

Technical Papers of the 15th Annual Meeting (21- This paper reviewsthe charactedsticssoughtIn ii
24 March 1993, Vancouver, BC, Canada), Interna- a replacement for R-11 and R-123, as well as
tional Institute of Ammonia Refrigeration (lIAR), reasonsfor theirwidespread use and the long-

Washington,DC, March 1993 (30 pages with2 fig- term need for a replacement. R-245ca, with a I
ures and2 tables,RDB3409) boilingpointof 25.5 °C (79.9 °F) anda molecular

This paper reviewsrefrigerantsto replace R-12, massof 134.0, is identifiedas a candidate, lt is
R-22, and R-502. lt summarizesthe phase out BB

|
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I reported to be nonflammableand havea global and R-245cb/R-227ea. Their performancewaswarming potential(GWP) comparableto that of evaluated usingbasic thermophysicalproperty
R-134a. The paper presentsthe resultsof cycle data and the resultsusedto rankthe azeotropes

i comparisons based on mode, lng. These re- among other refrigerants.suits Include figures comparing the capacity
and coefficientof performance (COP) for R.11, K. K/m, U. C. Spindler (Universityof Maryland),D.
R-123, and R-245ca. An investigationof multi- Jung (Inha University,Korea), and R. K. Raderrna.

I stage systemsis outlined. The results,exclud- cher (Universityof Maryland), R-22/R-152a Mix-ing interstage losses, indicate that R-245ca tures and Cyclopropane (R*C270) as Substitutes
matchesR-1l's efficiencywith three stagesand for R-12 in Single-Evaporator Refrigeratort: Slm-
becomes more efficient with four or more. ulatlon and Experiments, paper CH-93-20-2 (Win-

I Moreover, anticipation of better heat transfer ter Meeting, Chicago, IL, January 1993), Transac.characteristics is noted, based on the higher tions, American Society of Heating, Refrigerating,
molecularweight of R-245ca. Little is knownof and Air-ConditioningEngineers(ASHRAE),Atlanta,
the toxicityof this fluid, though mostHFCs tend GA, volume99, part 1, 1993 Inpublication(8 pages

I to havelowtoxicity. Potentialobstaclessuchas with4 figuresand 3 tables, RDB3114)lubricantidentificationand materialscompatibil-
ityare discussed. T.S. Kim,J. Y. Shin,S. D. Chang, M. S. Kim,and S.

T. Ro (Seoul National University, Korea), Cycle

I J.A. Jones and A. Lund, Low-Ozone Damaging Performance and Heat Transfer Characted=tic$Fluid Mix Substitutes for Refrigerant 12, Jet of a Heat Pump Using R-22/R-142b Refrigerant
PropulsionLaboratory,CaliforniaInstituteof Tech- Mixtures, Proceedings of the 1992 International

i nology,Pasadena,CA 1989 (RDB2338) Refrigeration Conference - Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.

B. D. Joyner, Refrigerants 69-S and 69-L, "Drop- Braun, Purdue University,West Lafayette, IN, vol-
In" Replacements for R-502, Proceedings of the ume 1, pages 53-62, July 1992 (10 pages with 14

I International CFC and Ha/on Alternatives Confer- figures,RDB2713)ence (Baltimore, MD), Alliance for Responsible
CFC Policy, Arlington,VA, December 1991 (RDB- D.L. Klug (DuPontChemicals),Near- and Long.
2303) Term Alternatives for Hydrochlorofluorocarbon

I 22 (HCFC.22), paper 1.2, Proceedings of the In.H. J0rgensen (AEG HausgerSte AG, Germany), ternational Seminar on New Technology ofAItema.
Messungen an Haushaltsk0hlgerlten mit brenn- rive Refrigerants - Lubricants and Materials Com.
baren K_ltemitteln (Measurementsof Residential pat/bility (Tokyo,February1983), JapaneseAssoci-

i Refrigeratorswith Flammable Refrigerants), DKV ation of Refrigeration(JAR), Tokyo, Japan, pagesJahrestagung, Bremen, FRG, 17 November 1992 9-14, February 1983 (6 pageswith 3 figuresand 1
(15 pageswith5 figuresand 5 tables,RDB3108) table, RDB3307)

I H. J0rgensen (AEG Hausger_te AG, Germany), K. Koike (Ebara Corporation, Japan), HCFC-123 .Messungen an HaushaltskiJhlgediten mit brenn- Centrifugal Refrigeration Machine, paper 4.3.
baren Kliitemitteln (Measurements of Residential Proceedings of the International Seminar on New
Refrigeratorswith Rammable Refrigerants), pre- Technology of Alternative Refrigerants - Lubri.

I sentationcharts,DKV Jahrestagung,Bremen,FRG, cants and Materials Compatibility (Tokyo, February17 November1992 (18 pages, RDB3109) 1983), JapaneseAssociationof Refrigeration(JAR),
Tokyo, Japan, pages 67-76, February 1993 (10

G. S. Kazachki(AcurexEnvironmentalCorporation) pageswith 7 figuresand 3 tables, RDB3315)

I and C. L Gage (U.S. Environmental
Protection

Agency, EPA), Thermodynamic Evaluation of S.N. Kondepudi(DrexelUniversity),Experimental
Predicted Fluorinated Ether, Ethane, and Investigation of R-22 Replacement Refrigerants

I Propane Azeotrope=, Proceedings of the 1992 in a Split.System Residential Air Conditioner, re-International Refrigeration Conference - Energy port EPA/430/R-92/007, U.S. EnvironmentalPro-
Efficiency and New Refrl_eranls, edited by D.R. tection Agency(EPA),Washington,DC, September
Tree and J. E. Braun, P'urdue University, West 1992 (30 pageswith 4 figuresand 12 tables, RDB-

I IN, volume2, pages 595-605, July 1992 2B09),,.ayette. 10figuresand4taes,ROB2 4)pages This report summarizescapacity and efficiency
This paper summarizesthermodynamic analy- tests of fivezeotropicblends in a Lennox,2 ton,

i see of sevenpredicted azeotropesof fluorinated spilt-systemair conditioner. The refrigerantsin-
ethers,ethanes,and propanes. They includeE- cludedthree mixturesof R-32 and R-134a, with
125/R-C270, E-125/R-134a, E-143a/R-134, R- 20, 30, and 40% R-32 by mass,andtwo of R-32
134a/E-143a, E-143a/R-152a, R-134/R-245cb, and R-152a, with 30 and 40% R-32. The five

I
!1 please see pages 5-8 for ordering information III
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m

blends selected as candidate R-22 re- L.J.M. KuiJpers(PhillipsResearchLaboratodes),J. BIwere
placementsbasedon priorstudies.Testingwas A. De Witt,and M. J. P. Janssen,Po=aibilitle_ for

IB

performed by ETL Testing Laboratories, and the Reptacement of CFC 12 in Domestic _.quip-
confirmed by independenttests by Lennox In- ment, International Journal of Refrigeration, Paris, •
dustries; both were performed in accordance France,volume 11, number4, pages284-291, 1988 I!
with standard rating test procedures. The fluids (RDB2258)
were tested under near "drop-in"conditions,
without equipment modificationexcept for sub- J.W. Linton, W. K. Snelson,P. F. Hearty,and A.R. i
stitution of a manual expansion device and re- Trlebe (National Research Council, Canada), The i
placement of the refrigerantand lubricant. An Potential of HFC-134a and HFC-lS2a to Replace
unidentified polyol ester lubricant was used. CFC-12 in Medium Temperature Heat Pump Ap-
The report summarizesthe need for R-22 alter- plications, Proceedings of the 1992 International II
natives, candidates identified in prior and on- Refrigeration Conference- Energy Efficiency and I!
going studies, testing and equipment details, New Refrigerants, edited by D. R. Tree and ,J. E.
and measured results, lt also compares the Braun,Purdue University, West Lafayette, IN, vol-
findingsto simulations. Measuredcapacityand ume 1, pages 203.209, July 1992 (7 pages with 8 I
efficiency fell below simulated results, but the figures,RDB2722) BI
test system had not been optimized for the al-
ternativerefrigerants. The blendstested gener- A. Lorenz and K. Meutzner, On Application of m
allyshowed steady-stateefficiencyto be within Nonazeotropic Two Component Refrigerants in |2% of that of R.22, but offered lower capacity. Domestic Refrigerators and Home Freezers,
R.32/134a (40/60) was identifiedasa promising proceedingsof the XlVth InternationalCongressof
retrofit fluid since it yielded steady state effi- Refrigeration(Moscow,USSR, August1975), Inter- •
ciency and capacity 1% higher than R-22, national Institute of Refrigeration, Pads, France, II
though the seasonal performance (SEER) was August1975 (RDB3217)
1%lower.

S. Madigan (Danfoss), Compressor Manufac- li
W. L. Kopko (York InternationalCorporation), Ex- turer'a Experiences with R-134a Applications, II
tending the Search for New Refrigerants, liner- Proceedings of the International CFC and Halon
national Journal of Refrigeration, Pads, France, Alternatives Conference (Washington,DC), Alliance
volume 13, number 3, March 1990, pages 79 ff for ResponsibleCFC Policy, A.dington,VA, pages mm
(RDB2304) 153-155, September 1992 (3 pages with 4 figures II

and 1 table, available fromJMC as RDB2A14)

H. Kruse and F. Rinne (UniversitatHannover,Ger- This paper outlines factors requiring attention
many), Performance and Leakage Investigations when substitutingR-134a for R-12 in systems ii
of Refrigeration and Air-Conditioning Systems with capillarytubes and DanfossLBPcompres-
Using Refrigerant Mixtures as Working Fluids, sors. Pressure-enthalpydiagramsshowthatthe
Proceedings of the 1992International Refrigeration latent heat of vaporization is significantlyhigher i
Conference - Energy Efficiency and New Refriger- for R-134athan for R-12, requiringlower mass II
ants, edited by D. R. Tree and J. E. Braun,Purdue flow for the same capacity. A table compares
University, West Lafayette, IN, volume 2, pages the enthalpyand designparametersfo_"the two
621-630, July 1992 (10 pages with 10figures,RDB. fluids. The paper notes that capSUlar-y"tubes i
2837) must be reselectedwith the refrigerant change II

to adapt for the differences in pressure and
H. Kruse and U. Hesse (Unlversitat Hannover, mass and volume flow. Compatibilityis noted
Germany), Possible Substitutes for Fully Halo- •as good with substitutionof polyol ester lubd-
genated Chlorofluorocarbons Using Fluids AI- cants, to account for miscibility;valve coking is !1
ready Marketed, Status of CFCs - Refrigeration not anticipated. The dependence on a filter
Systems and Refrigerant Properties (proceedings drier,withUnion CarbideXH7 recommendedas
of the meetingsof IIR CommissionsBl, B2, El, and the desiccant,is outlinedbased on the moisture •
E2, Purdue University,West Lafayette, IN), Interna- contentof the lubricantand the difficultyof dry- II
tional Institute of Refrigeration,Pads, France, July ingit. A setof housekeepingrulesisoutlined.
1988; republished In the International Journal of
Refrigeration, Paris, France, volume 11, number 4, M.O. McLinden and D. A. Didion (NationalInstitute IB
pages 276-283, 1988 (RDB2305) of Standardsand Technology,NIST), Quest for AI- II

ternatives, ASHRAEJournal, volume 29, pages32-
H. Kruse (Universitat Hannover, Germany), The 42, December 1987; republishedin ASHRAESpe-
Advantages of Zeotropic Refrigerant Mixtures cial Publication, CFCs: Time of Transition, Amed-
for Heat Pump Applications, International Journal can Society of Heating, Refrigerating,and Air-Con-
of Refrigeration, Paris, France, volume 4, pages ditloning Engineers(ASHRAE),Atlanta,GA, pages
119-125, 1981 (RDB3216) m

I
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69-78, 1989 (6 pages with 9 figures and 1 table, temational Energy Agency Heat Pump ConferenceRDB2259) (Tokyo, Japan, 12-15 March 1990), edited by T.

This article reviews the criteria required of re- Saito and Y. Igarashi, Pergamon Press, Elmsford,

fflgerants and the reasonschlorofluorocarbons NY, pages713-720, 1990 (8 pages, RDB0407)(CFCs) were originallyinvestigated. A system- A.D. Nickens, G. F. Brunner,and D. L Hamilton,atic examination,based on molecularstructure,
reveals a range of compounds that should be Navy Investigations of HFC.134a st=ii Replace-

I environmentallyacceptable and still retain de- ment for CFC-12"In Shipboard Applicationt=,sired attributes. 860 compounds were Naval Engineers Journal, pages98-1(_3,May 1992
screened, resultingin 51 fluidswarrantingfur- (6 pageswith4 figuresand 4 tables, availablefrom
ther examination. The article notes that the JMC as RDB2706)

number of compoundsfrom which to choose This article reviewsresearchand developmentalternatives is limited; the chlorofluorocarbon efforts bythe U.S. Navy to qualifyR-134aas the
family - includingfluorocarbonsand hydrocar, retrofit replacementrefrigerantfor' R-12and for

bons - remains the clear choice by virtue of futureair-conditioningapplicationson shipsandstability,thermodynamicproperties,health and submarines.The article recapsfleet useof R-12
safety characteristics,and familiarity. Some for air-conditioningand refrigeration,compares
compromise with traditional cdteda (e.g., ca- the properties of R-134a to those of R-12, and

pacity, flammability, and efflc,ency) will be outlines the Navy's review of toxicitydata andneeded. Present refrigerants resulted from riskaffects. Unique considerationsfor subma-
more than 30 years of researchand develop- rine use are summarized, Includingpotential in-
ment. Carefulscientificand technologicalplan- teractionswith life-supportand contaminantre-

ningare requiredto effecta significantchange, moval systems,inthe eventof refrigerantleaks.and to avoid a new solution that introduces These systemsInclude burners to oxidize car-
more problemsthan itsolves, bon monoxideand hydrogenas well as carbon

dioxide scrubbers. The article reviewstests of

I A. Meyer, The Succet=t=of Hydrocarbont=in Do- R.134a in 25 and 80 ton shipboard air-condl-me=tic Refrigeration, DKK ScharfensteinGmbH, tioningplants. Initialretrofittests usingR-134a
Scharfenstein, Germany, December 1992 (11 with a polyalkyleneglycol (PAG) lubricant re-
pageswith4 figuresand 1 table, RDB3226) sLjItedin5% improvementsin bothcapacityand

efficiency. Inspectionafter 5100 hoursof oper-
R-290, R-6OOa,R-290/600a (50/SO),refrigera-

ation, however,revealed extensivecopper plat-
tors, refrigerator/freezers ing and severedamage to one piston,wrist pin,

S.M. Miner (Engineering Consultant), An Ap- and connectingrod. Damageto otherparts, in-pl'ai=mlof Ammonia as tanAIternt=tiveRefrigerant cluding a chipped oil ring, worn piston rings,
in Light of the CFC and GWP Situation, Techni- and broken or collapsed suction valve springs
cal Papers of the 14th Annual Meeting (22-25 also were noted. These findingsled to a judge-

March 1992, Miami, FL), International InstitLrteof ment that PAG lubricantsare unsatisfactoryforAmmonia Refrigeration (lIAR), Washington, DC, shipboard reciprocating compressors for air ..
conditioning.While a molecular-sievedrier had

pages 231-250, March 1992 (20 pages with 4 fig. been used for a portion of the cited tests,initial

I uresand 5 tables, RDB2912) operation was without a dder. The paper re-Thts paper reviewsthe history of ammonia re- viewsa subsequenttest of an 80 ton plant with
frlgeratlonand the impediments- real and per- R-134a and a proprietarypolyol ester (POE) lu-
ceived - to its broader use. Safety Issuesand bricant,providedby the Carder Corporation. A

environmentalbenefits associated with ammo- lubricantanalysis after two hours of operationnaaare identified. Currentdevelopmentsand re- revealedapproximately15%residualmineraloil,
search effortsrelated to ammoniause are sum- which was reduced to approximately3% aftera
marlzed. The paper then outlines severalappli- secondoil change. Coolingcapacity increased

cations of ammonia as examplesandconcludes by 1% and efficiencydropped by 2% usingR-wtthsourcesof further Information. 134a. Althoughminor copper platingwas evi-
dent after 2000 hoursof operation, particularly

S. Modkawa (Asahl Glass Company, Limited, on the suction valves, no measurabledecom-

Japan), Recent Development of CFC Alter- positionwas detected in the R-134a. No mea-natives, Catalysis Society of Japan, volume 34, surable wear was found on any componentto
number 7, pages 458-463, 1992 (6 pages, RDB- date, and the extended operationtest Is contin-
3325) uing. Onboard demonstrationand fleet retrofit

I plansare summarized.D. Naito (Daikin Industries, Limited), Alternatives
to CFC Refrigerantt=,Proceedings of the 3rd In-

!



_1 , , ,

Page 104 Refrigerant Databne I

G. J. O'Neill and R. S. Hold=worth(W. R. Grace and R. L Powell (ICI Chemicals and Polymel_, Limited), II
Company), Bis (Dlfluocomethyl) Ether Raft|get. Long Term Replacement= for R-22 a_! R-502: II
ant, patent 4,961,321, 9 October 1990 (4 pages, The Next Challenge, unpublished presentation
RDB1133) (InternationalCFC and Halon Alternatives Confer- sm

ence, Baltimore, MD), available from ICI Amedcas II
This patent describesthe use of E.134 as a re- Incorporated, New Castle, DE, USA, D_Jcemberfrtgerant, either as a single componentor in a

lib

blend. The refrigerantIs describedas environ- 1991 (16 pages with 4 figuresand 3 tables, RDB-
mentallysafe, nontoxic,and nonflammableand 2519) III
as having the desired physical, chemical, and This paper Identifies a number of substitute I
thermodynamic properties necessary for a re- candidates for R-22 and R-502, and describes
frigerant, the advantages and disadvantages of each.

OptionsaddressedincludeR-32, R.125, R-134a, II
M. A. Palmer (W. S. Atkins Limited, UK), Better R-143a, R-152a, as well as nine binary and ten II
Ways of Using Ammonia, CFC Alternatives: User ternary blendsof them. Selectionof candi_Jates
Experience and Update, Institutionof Mechanical is limited to fluorocarbons,because only these m
Engineers and Institute of Refrigeration,London, compounds exhibit the low boiling points IUK, 11 November 1992 (4 pages with 4 figures, needed for refrigeration,especiallyat tempera-
RDB3335) tures needed for commercial frozen-food stor-

age. Chlorinatedcompounds are excluded be- BI
S. F. Pearson,(Star RefrigerationLimited),The De- cause of their potential for ozone depletion. I
velopment of a Drop..In Replacement for R-502, Perfluorocarbons,such as R-218, are unlikety
paper 92.4, Proceedings of the Institute of Refrig- since their high-fluorinecontent, and resultant
eration, London, UK, January 1992 (9 pages with long atmosphericlifetimes,are expected to lead IB
15flguresand1 table, RDB2306) to high direct global warming potentials II

This paper describes the development,parlor- (GWPs). Similar propertiesto the fluids being
mance testing, flammability considerations, replaced, to minimizeequipment development
charging, and separation of two ternary zeo- requirements,and avoidanceof subatmosphedc I
tropes developed as replacements '_orR-502. operation are further goals. Rammability and I

Both are blends of R-22, R-218 (octafluoropro- toxicity limit some choices, such as R.290
pane), and R-290 (propane). One containing (propane) and R-717 (ammonia). The paper
39% R-218 resultsin marginallylowerdischarge raises avoidance of high GWPs, flammable II
temperatures;the other containing 20% R-218 ranges, high discharge superheat, high frac- II
offers discharge temperaturesbetweenthoseof tionationpotential in leakage, and maintenance
R-502 and R-22. These R-290/22/218 mixtures or improvementof efficiencyto further narrow ii
are nonflammableand of low toxicity. They ex- the list. The paper recommendsmixturesor R- B
hibitozone depletionpotentials(ODPs) of 0.037 32 and R-134a, modified where necessary with
and 0.028 and nearly the same refrigeratingef- R-125 to suppressthe flammabilityof R-32 and

fect as R-502. Measured coefficientsof perfor- reduce dischargetemperatures,as the preferred Imance (COPs) with these blends were higher solutions. Bl

than for R-502 under comparable conditions. R. Radermacherand D. Jung (Universityof Mary-
The paper describesthe choiceof components, land), Theoretical Analysis of Replacement Re-
including initial consideration of blends con- I
tainingR-125 and R-1270. The test dg, results, frigerant= for R-22 for Residential Ueal, report Bl
and effectsof diffusionand replacementof lost EPA/400/1-91/041, U.S. EnvironmentalProtection
refrigerantsalso are discussed. ExtensiveInter- Agency (EPA), Washington, DC, December 1991

national field testing is mentioned, but not de- (77 pages with 10 figuresand 10 tables, available Iscribed, from JMC as RDB2509) i

This report examines the need and candidate
S. F. Pearson, (Star Refrigeration Umited), De- replacements for R-22. The simulation pro- ,,,
velopment of a Sub_ltute for R-602, paper 162, grams (HAC1 for single fluids and binary mix- Iproceedings of the XVIIIth InternationalCongress turesand HACT1for ternarymixtures)and data
of Refrigeration (Montreal, Qu6bec, Canada, Au- used for the studyare summarized. Hydrofluo-
gust 1991), International Institute of Refrigeration, rocarbon (HFC) refrigerantsR-32, R-125, R-134, BB
Paris,France,August1991 (RDB2425) R-134a, R-143a, and R-152a and hydrochloro- |fluorocarbon (HCFC) R-124 were selected for
S. F. Pearson, (Star RefrigerationLimited),Refrig- analyses. Resultsare presentedfor R-32/124,
=ration after CFC=, proceedings of the Low Tem- R-32/134, R-32/134a, R-32/152a, R-125/124, R- ma
perature Engineeringand CryogenicsConference, 125/134a, R-125/152a, R-143a/124, R- B
Southampton,1990 (RDB2237) 143a/134a, and R-143a/152a. Resultsalso are

provided for three ternary blends, investigated

!
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I namely R-32/152a/124, of Refrigerant Blends - Comparative
to reduce flamrnabllity, formance
R-32/152a/134, and R-32/152a/134a. Coeffl- Methods and Results for a Refrigerator Freezer
clents of performance (COPs) and seasonal Appllcetlon, papsr CH-93-20-3 (Wlnter Meeting,

I performance factors (SPFs) were calculated. Chicago, IL, January 1993), Transactions, Amed-The reportalso reviewsthe designmodifications can Society of Heating, Refrigerating,and Air-Con-
considen_dand discusses requirementsfor fu- ditioningEngineers(ASHRAE),Atlanta,GA,volume
ture research. No single-componentrefrigerant 99, part 1, 1993 in publication(19 pageswith 7 flg-

I was foundaccel.;_bleas a substitute,but binary uresand5 tables,RDB3115)and ternary bleno¢, appear promising. The
ternary mixture of R-32/152a/124 showed the M.L. Robin,Y. likubo (Great Lakes Chemical Cor-
best performance, with a COP Increase of poration),G. deSouza Damasceno,J. N. Dubrouil-

I 13.7% over R-22. Chlorine.f,'eeR-32/152a/134 let,V. W. Goldschmidt,and D. R. Tree (PurdueUni-yielded a 12.6% Increase, but no manufacturer versity),Performance of AlternativeRefrigerants:
has indicated intent to produce R-134. R- Refrigerator.Freezer Energy Testing with HFC-

i 32/134a showsan improvementof 6% and may 152a / HFC-227ea Mixtures, Proceedings of the
not be flammablesince it contains70% R-134a. International CFC and Ha/on Alternatives Confer.
The report notes that significant design ence (Washington,DC), Alliance for Responsible
changes, such as use of counter-flow heat ex- CFC Policy,Arlington,VA, pages 99-104, Septem-

I changers, will be necessary to achieve these ber 1992 (6 pageswith2 tables, RDB2A05)gains. A caveat Indicates that the ranking of This paper presents measured performance
substitutesmay change,due to the Influenceof data for blends of R.152aand Ro227eatested in
transport properties and other variables not

I considered. (Thisreport replacesthe published an unmodifiedhome refrigerator. Physicalanddraft, see RDB1134.) thermodynamicpropertiesas well as flammabil-
ity data and ozone depletion potentials(ODPs)
are tabulatedfor R-12, R-152a, and R-227ea for

R. Radermacherand D. Jung (Universityof Mary- comparison. The energy measurementswere

I land), Replacement Refrigerants for R-22, pub- based on ANSI/AHAM Standard HRF-1-1988,lished draft report, U.S. EnvironmentalProtection with an increased number of thermocouples.Agency (EPA), Washington, DC, November 1990
(80 pageswith24 exhibits, RDB1134) An unidentifiedpolyol ester (POE) was used as

the lubricantfor the R-152a/227ea mixtures. R-

I This peer-review draft examines alternative re- offered
152a/227ea (O012O) slightly reduced

frigerantsfor R-22. The report summarizesthe energy consumption and ,rv)/50 and 20/80
simulationprograms used, HAC and HACT, to mixtures Increased energy consumption by

I examine candidate refrigerants. Coefficientsof 4.3%. The paper concludes that the R-152a/performance(COPs)and seasonalperformance 227ea blends may offer significantly improved
factors (SPFs) were calculated for a numberof performancecompared to R-12 in an optimized
mixtures. The report also reviewsthe design system. Recommendationsare providedfor fur-

I modifications considered and discusses re- therwork.quirementsfor future research. No single-com-
ponent refrigerantwas found suitableas a sub- R.J. Rose (Universityof Maryland), D. Jung (Inha
stitute, but binary and ternary blends appear University,Korea)and R. Radermacher(University

I promising. The R-32/152a blend was identified of Maryland), Testing of Domestic Two-Evapo-as the mostpromisingoption,with an estimated rator Refrigerators with Zeotropic Refrigerant
COP increaseof 11%. A further Increaseby 4% Mixtures, paper 3620 (AnnualMeeting, Baltimore,
was estimatedwithuse of a suctiongas heat ex- MD, June 1992), Transactions, Amedcan Society of

I changer. Addition of a third, nonflammable Heating, Refrigerating,and Air-ConditioningEn_ji-,;rJmponentIssuggested to reduce flammability, neers (ASHi_AE),Atlanta, GA, volume 98, part 2,
(This published draft was replaced by RDB. I pages216-226, 1992 (10 pageswith 7 figuresand 3
2509.) tables,RDB2605)

I R. Radermacher (University of Maryland) and J. S.M. Sami, J. Schnotale (University of Moncton,
Lavetle(EfrAtochem North Amertca,Incorporated), Canada), and J. G. Srnale(DuPontCanada, Incor-

i Comparison of R-12 with the Blend of R-22/R- porated), An Investigation of Ternary Blends142b, Proceedings of the ASME Winter Annual Perfoi'mance Proposed as Substitutes for CFC.
Meeting, American Society of Mechanical Engi- 12, Proceedings of the 1992 International Re.
neers (ASME): New York, NY, pages 22-30, 1988 frigeration Conference - Energy Efficiency and

I (RDB2339) New Refrigerants, edited by D. R. Tree and J. E.Braun,Purdue University,West Lafayette, IN, vol-
C. K. Riceand J. R. Sand (Oak RidgeNationalLab- ume 2, pages 651-660, July 1992 (10 pages with9
oratory, ORNL), Compressor Calorimeter Per- figures,RDB2840)

!
! { please see pages 5-8 for ordering information I
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m

J. R. Sand, E. A. Vineyard, and V. D. Baxter (Oak ton, VA, pages 157-164, September 1992 (8 pages i
Ridge National Laboratory, ORNL), laboratory with3 figuresand3 tablescontainingcorrectionsto BB

Evaluation of sn Ozone-Safe Nonazootropic Re- the copy Inthe proceedings,availablefrom JMC as
frigerant Mixture In a Lorenz-Meutzner Refriger. RDB2901) oR

ator Freezer Design, paper CH-93-20-40Ninter This paper highlightsthe effortsof a compressor !i
Meeting, Chicago, IL, January 1993), Transactions, manufacturerto implement research data into
AmericanSociety of Heating, Refrigerating,and Air- R-134a applicationsfor hermetic units. Com-
Conditioning Engineers (ASHRAE), Atlanta, GA, parativecapacityand performancedata, based I
volume 99, part 1, 1993 In publication (14 pages on calorimetertests,are tabulatedfor compres-
with 8 figuresand 12tables,RDB2412) sors representativeof those used in refrlgera-

i

tor/freezer applications. The capacity is ap- i
J. R. Sand,S. K. Fischer(Oak RidgeNationalLabo- proximately 10% lower with R-134a at rating
ratory, ORNL), Modeled Performance of Non- conditions,but the efficiency stays the same. II
chlorinated Substitute= for CFC-11 and CFC.12 Further data show that the relative capdcitles
in Centrifugal Chillers, International Journal of
Refrigeration, Paris, France, in publication (6 and efficienclesof R-12 and R-134a may be Ilower or higher depending on the application
pages,RDB2411) conditions. Sound levelsare plotted for tradi-

II

tional R-12 and redesigned, high-efficiencyR-
J. R. Sand, S. K. Fischer(Oak RidgeNationalLabo- 134a compressors;the overall sound level is
ratory, ORNL), and P. A. Joyner (Electric Power lower for the latter. Materials compatibilityIs-
Research Institute,EPRI), Modeled Performance sues are reviewed,noting the advantages and

al
of Nonchlodneted Substitutes for CFC-11 and acceptance of polyol ester (POE) lubricantsas
CFC-12 in Centrifugal Chillers, Proceedings of the consensusselectionfor R-134a. The paper I
the International CFC and Halon Alternatives Con- discusseslubricantstability,chemicalreactivity,
ference (Baltimore, MD), Alliancefor Responsible miscibility,solubility,and lubdcity. A plot com-

B

CFC Policy, Adington,VA, pages 406-415, Decem- pares the solubilityof R-12 and R-134a in two
ber 1991 (10 pageswith2 tables,RDB2260) POEs to R-12 in mineral oil. The discussion i

suggeststhat a bigger motor, with a small po- ll
J. R. Sand and E. A. Vineyard,Report of Foreign tentlalpenalty in efficiency,may be requiredfor
Travel: 2-5 Moy 1989 [Zeotropic Blends in Re- R-134adue to the Impact on equalizationpres-
frigerators] ORNL/FTR-3251, Oak Ridge National mo' sureand the requiredstartingtorque. A need is
Laboratory, Oak Ridge, TN, 18 May 1989 (14 noted for new test methods for lubdctty. The !1
pages, RDB1135) impacts on motor Insulation and uncertainties

This Informal report summarizes meetings on regarding contaminants are covered bdefly. ,o
refrigerator/freezertestingwith zeotropicblends The paperconcludesthat there are no technical iof refrigerants (nonazeotropic mixtures of re- barriersto conversionfrom R-12to R-134a, but
frigerants or NARMs) at the UniversttStHan- that informationdisseminationand the cost of
nover (Hannover, FRG). The research in- the refrigerantand lubricant remain factors in ai
vestigateda freezer, modified witha polystyrene the rate of conversion. I
block to form separate freezer and fresh-food
compartments, operating withan R-22/142b re- K.S. Sanvordenker (Tecumseh Products Com-
frigerantblend. The simulationprogram,testing pany), R-152a versus R-134a in Domestic Refrig- i
protocol, instrumentation,and plansfor testing erator-Freezer - Energy Advantage or Energy II
other blends were reviewed. Alsoaddressedis Penaltyl, Proceedings of the 1992 International
a visit to AEG GmbH (Kasse(,FRG), a major Refrigeration Conference - Energy Efficiency and
manufacturer of domestic appliances, to dis- New Refrigerants, edited by D. R. Tree and J.E. IB
cuss researchon alternativerefrigerants, Com- Braun, Purdue University,West Lafayette, IN, vol- E
pressorcomponents were reviewed after 1000 ume 1, pages 259-263, July 1992 (5 pages with 4
hoursacceleratedlifetestinginR-134aand in R- tables,RDB2728) m
22/R-142b. Parts from the R-134a compressor

This paper presentsnew laboratory data for R- i
looked very good, whereas parts from the R- 12,R-134a, and R-152a indomesticrsfdgerator-
22/R-142b test unit showedmuchmore thermal freezer applications, lt responds to assertions
breakdown. SomeAEG engineersfavorR-152a, and reported findingsthat R-152a would offer II
or blends of R-152a with R-22 or R-134a, as an higher efficiency, noting an error in the pub- II
alternativeto R-12. lishedthermodynamicdata used. The paper re-

views reports of R-152a advantagesand impll-
K. S. Sanvordenker (Tecumseh Products Com- cations, lt alsoprovidescapacity and efficiency I
pany), Compressor Manufacturer'a R-134a Ap- data, based on calorimeter tests, for six com-
plications, Proceedings of the International CFC pressorsfor R-12, R-134a, and R-152a with a

i

and Halon Alternatives Conference ONashington,
DC), Alliance for Responsible CFC Policy, Ading- i

II
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I I:X:)lyotester lubricant. These testswere run at- J.G. Srnale (DuPontCanada, Incorporated),New23C (-10 "F) evaporator temperatureand both Refrigerants and Mixtures. for Heat Pump Op
43 and 54_ (110 and 130 °F) condenser tem. portunltlea in C=neda, Proceedings of the 3rd/n-
peratures. The test method, ASHRAEStandard L"iemationa/EnergyAgency Heat Pump Conference

I 23, and associated peculiaritiesare reviewed. (Tokyo, Japan, 12-15 March 1990), edited by T.R-152a consistentlyyieldeda 10% lowercapac- Saito and Y. Igarashi, Pergamon Press, Elmsfold,
ity than R-134a, which in rum showed a 10% NY, 1990 (10 pages with 5 figures and 11 tables,

I drop compared to R.12. The energyefficiencies RDB2A13)were nearly the same at the higher condensing
temperature,but R-152asuffereda 6.5%penalty L. Snitkjmr and F. K. Eggert (Danfoss-Rensburg
at the more representativelower condensing_. GmbH, Germany), Use of a Ternary Blend in Ex-

I temperature. The data are briefly related to isting Domestic CFC-12 Appliances, Proceed.analysesby other Investigators,which corrobo- ings of the 1992/ntemational Refrigeration Confer.
rate the findings. The paper concludesthat use ence - Energy Efficiency and New Refrigerants,
of R-152a insteadof R-134a may yielda signifl- edited by D. R. Tree and J. E. Braun,Purdue Uni-

I cant energypenalty ratherthan advantage, varsity, West Lafayette, IN, volume 2, pages 631-640 July1992 (10 pageswith5 figuresand 4 tables,
I. R. Shankland (AlliedSignalIncorporated), CFC RDB2838)
Alternative= for Thermal Insulation Foams,

I CFCs: Today's Options - Tomorrow's Solutions T. G. Sta_t (U.S. Department of Energy), An(proceedingsof ASHRAE's CFC Technology Con- Overview of Ozone-Safe Refrigerants for Cen-
ference, National Institute of Standardsand Tech- trifugal Chillers, CFC Alternatives, technicaldata
nology, Gaithersburg, MD, September 1989), bulletin6(1), Amedcan Society of Heating, Refdg-

I AmericanSociety of Heating,Refrigerating,and Air- erating,and Air-ConditioningEngineers(ASHRAE),Conditioning Engineers (ASHRAE), Atlanta, GA, Atlanta,GA, pages 35-39, June 1990; republished
pages 87-95, 1990 (9 pages,RDB0518) in Transactions,Amedcan Society of Heating, Re-

i fdgerating,and Air-ConditioningEngineers,Atlanta,
M. B. Shiflet,A. Yokozeki,and P. R. Reed (DuPont GA, voima 96, part 1, 1990 (5 pages with2 figures
Chemicals), Near-Azeotropic Refrigerants as AI- and 5 tables,RDB2335)
ternatlves for R-502, ASHRAE Journal, American

i Society of Heating, Refrigerating,and Air-Condi- R.A. Struss,J. P. Henkes, and L W. Gabbey (Mo-tioning Engineers (ASHRAE), Atlanta, GA, pages dine Manufacturing Company), Performance
24-28, February 1992 (5 pageswith2 figuresand 3 Comparison of HFC-134a and CFC-12 with Veal-
tables,RDB3302) ous Heat Exchangers in Automotive Air-Condk

I tioning Systems, paper 900598 (SAE InternationalM. B. Shiflet,A. Yokozeki, and P. R. Reed (DuPont Congressand Exposition,Detroit, MI, 26 February-
Chemicals), Property and Performance Evalua- 2 March 1990), Society of Automotive Engineers
tion of "SUVA"HP Refrigerants as R-502 Alterna- (SAE), Warrendale, PA, February 1990 (12 pages

I tlves, Proceedings of the 1992 international Re- with 13 figuresand7 tables,RDB2A17)frigeration Conference - Energy Efficiency and This paper reviewsvehicular wind tunnel tests
New Refrigerants, edited by D. R. Tree and J.E. that were carried out on two automotive air- ,
Braun, Purdue University,West Lafayette, IN, vol- conditioningsystems. The test data compare

I ume 1, pages 15-24, July 1992 (10 pages with 10 of R-12 and R-134a with variousperformance
figuresand 2 tables,RDB2709) heat exchangers. The vehicles, heat exchang-

M. B. Shiflet,A. Yokozeki,and D. B. Bivens(DuPont ers, testfacilities,approach,and findingsare re-

I viewed. R-12 was tested with a 525 SUS vis-Chemicals), Refrigerant Mixtures 8s HCFC-22 cosity mineral oil. R-1348 was tested with a
Alternatives, Proceedings of the 1992International proprietary polyalkylene glycol, supplied by
Refrigeration Conference - Energy Efficiency and DuPont Chemicals. The _eat exchangers in-

I New Refrigerants, edited by D. R. Tree and J.E. cluded both a serpentineand a parallelflowde-Braun, Purdue University, West Lafayette, IN, vol- signs. Refrigerantch3;ge requirementswere
ume 1, pages 35-44, July 1992 (10 pages with 8 determined by comparative tests. R-134a re-
figuresand 2 tables,RDB2711) suited in higher head pressures,but the same

I M.B. Shifletand P. R. Reed (DuPont Chemicals),
compartmenttemperaturesas with R.12. Heat
exchanger selection was found to Influence

Alternative Low-Temperature Refrigerants, paper chargelevels,indicated as Importantwith useof
163, proceedings of the XVIIIth International the more expensive R-134a. An appendix de-

l Congress of Refrigeration (Montreal, Quebec, scribesthe wind tunnelused.Canada, August 1991), InternationalInstituteof Re-
frigeration,Paris, France,August1991 (RDB2307) I S. G. Sundaresan (Copeland Corporation), Com-

I merclal Refrigeration: The Challenge and the Is-

I

I I please Seepages 5-8 for ordering information I
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sues Regarding the Retrofit and New Equip- programsunderway, lt also sUmmarizesefforts m
merit, paper 4.2, Proceedings of the International under the Alternative Ruorocarbons Environ- B
Seminar on New Techno/ogy of AJternat/ve Refrig- mental AcceptabilityStudy (AFEAS) to assess
erants - Lubricants and Mater/als Compatibility candidateHCFCs and HFCs. lt mentionsa rive- n
(Tokyo, February 1983), Japanese Association of year cooperative program by the Japanese Re- m
Refrigeration (JAR), Tokyo, Japan, pages 57-66, searchInstituteof InnovativeTechnologyfor the m

February 1993 (6 pages with 1 figure and 6 tables, Earth (RITE), Ministryof InternationalTrade and
RDB3314) Industry (MITI), New Energy DevelopmentOr- IN

ganization (NEDO), National Chemistry Labo. m
S. G. Sundaresan (Copeland Corporation), As- ratory for Industry (NCLI), and ten chemical
pects of Lubrication, Fractionation, and Rella- producersto developa new generationrefdger-
bility of Compressors with new Refrigerants for ant. This "thirdgeneration"fluidwould be ozone n
Commercial Refrigeration, CFCAlternatives: User safe, have low global warmingeffect, and have U
Experience and Update, Institutionof Mechanical a new molecula__structureconsistingof oxygen
Engineers and Institute of Refrigeration,London, and other elementsin additionto carbon, fluo-
UK, 11 November 1992 (12 pages with 1 figure and rine, and hydrogen. While this paper does not n
7 tables,RDB3330) address any of these subjectsin depth, it pro- m

vides a sweeping overview of efforts to intro-.
S. G. Sundaresan (Copeland Corporation), Near duce alternativerefrigerants.
Azeotrope Refrlgerants to Replace R-502 in m
Commercial Refrlgeratlon, Proceed/ngs of the T. Takalchl (Showa Denko K.K., Japan), Develop- II
1992 International Refrigeration Conference - En. ment of Alternatlve Fluorocarbons, Petrotech,
ergy Efficiency and New Refrigerants, edited by D. volume 14, number 6, pages 513-518, 1991 (6 m
R. Tree and J. E. Braun, Purdue University,West pages, RDB3324) []
Lafayette,IN, volume 1, pages 1-13, July 1992 (13 i

pageswith 11 figuresand7 tables,RDB2708) N. Tanaka (MitsubishtElectdcCorporation,Japan),
Trends of Alternative Refrlgemnts, paper 4.1, n

S. G. Sundaresan (Copeland Corporatlon), Alter- Proceed/ngs of the International Seminar on New |nate Refrigerants and Lubricants for Refrigem- Techno/ogy of A/ternative Refrigerants - Lubri-
tion Compressors, paper 151, proceedings of the cants and Materia/s Compatibility (Tokyo,February
XVIIIth International Congress of Refrigeration 1983),JapaneseAssociationof Refrigeration(JAR), n
(Montreal,Qudbec, Canada,August1991), Interna- Tokyo, Japan, pages 51-56, February 1993 (6 II
tional Institute of Refrigeration,Paris, France, Au- pages with 5 figuresand 2 tables,RDB3313)
gust 1991 (RDB2308)

D. W. Treadwell (Lennox Industries Incorporated), mi
T. Takaicht (Showa Denko K.K., Japan), Current Application of Propane (R-290) to a Single Pack- U
Status of R&D for CFC Alternatives, paper 1.1, aged Unitary Air-Conditioning Product, Pro-
Proceedings of the international Seminar on New ceedings of the international CFC and Ha/onAlter.
Technology of Altemative Refrigerants - Lubri- natives Conference (Baltimore, MD), Alliance for n
cants and Materia/s Compatibi/ity (Tokyo, February ResponsibleCFC Policy,Arlington,VA, pages 348- II
1983),Japanese Associationof Refrigeration(JAR), 351, December 1991 (4 pages with 1 table, avail-
.Tokyo,Japan, pages 3-8, February 1983 (6 pages able from JMC as RDB2261)

with5 figures and 4 tables, RDB3306) This paper discusses the safety considerations n
The paper briefly surveys research and devel- and two tests of propane (R-290) as a refriger-

m

opment efforts to identifyalternativesfor chloro- ant in a single-package,unitaryair conditioner.
fluorocarbon (CFC) refrigerants, lt recaps the Advantages cited Include lower dischargetem- n
introductionof CFCs, discoveryof their ozone- peratureand pressurecompared to R-22, both =
depletion role, and both measured concentra- favorable to compressorlife, as well as higher
tions in the atmosphere and ozone decline, lt efficiency(by 1-2%)and materialscompatibility.
then reviewsthe 1992 revisionsto the Montreal The low cost, availability, and favorable envt- m
Protocol, internationalproduction of CFCs and ronmentalattributes(no ozone-depletionpoten- II
R-22, and 1991 CFC consumption by aplYica- tlal and near zero global warmingpotential) are
tion in Japan. The paper discussesInterest in contrastedto its flammability. The paper estl-
hydrochlorofluorocarbon (HCFC) and hydro- mates the charge quantity required to be less i
fluorocarbon (HFC) alternativesand provides a than half that of R-22, and concludes that the ml
tabular summary of candidate fluids. A figure probability of reaching the lower flammability
indicates the chemical paths to produce the limit in a house- under identifiedleak assump- i

primary alternative fluorocarbons, lt then re- tions - is remote. The paper Indicatesthat the m
viewsthe Program for AlternativeFluorocarbons potentialrisksshouldbe evaluatedin lightof the U
Toxicity Testing (PAFT) and outlines the five environmentaland otheradvantages.

!
I



I Refrlgemnt Database Page 109

I S. Uemura, S. Inagaki, N. Kobavashi,T. Teraoka, As Easy as 123, E. I. DuPont de Nemours and
and M. Noguchi (Daikln Industries,Limited),Char- Company, Incorporated, Wilmington, DE; The
acteristlca of HFC Refrigerants, Proceedings of Trane Company, La Crosse WI; and York Interna-

l the 1992 International Refrigeration Conference- tional Corporation, York, PA; October 1990 (12-Energy Efficiency and New Refrigerants, edited by minutevideotape,RDB1137)

D. R. Tree and J. E. Braun,PurdueUniversity,West This video explainshow R-123 was developed

I IN, volume 2, pages 385-394, July 1992 to replace R.11 by balancingozone-depletion,_110layette' with 3 figures and 5 tables, available global-warming, and energy-efficiencyconsid-
pages 1

from JMC as RDB2821) erations.

E. A. Vineyard, J. R. Sand (Oak Ridge National

I Laboratory, ORNL), and T. G. Start (U.S. Depart- CFCs: Time of TranMtlon, American Society ofment of Energy, DOE), Selectlon of Ozone-Safe, Heating, Refrigerating,and Alr-ConditlonlngEngl-
Nonazeotroplc Refflgerant Mlxturas for Capacity neers(ASHRAE),Atlanta,GA, 1989 (274 pages_h
Modulatlon In Resldential Heat Pumps, paper 32 papers,RDB1138)

I 3199, Transactions, Amedcan Society of Heating, CFCs: Today's Options- Tomorrow's Solutions,
Refdgerating, and Air-Conditioning Engineers proceedings of 1989 ASHRAE CFC Technology
(ASHRAE),Atlanta,GA, volume95, part 1, 1989 (12 Conference (Gaithersburg,MD, September 1989),

pageswith4 figuresand 4 tables,RDB1136) AmericanSociety of Heating,Refrigerating,and Air-Conditioning Engineers (ASHRAE), Atlanta, GA,
M. Yitai,W. Jie, Y. Zhao,W. Huaixin,and L.Canren 1990 (128 pageswith 13 papers, RDB1139)(TianjinUniversity, China), Investigation of UrJng

I , Nonazeotropic Refrigerant Mixture as the R__. Development of an Advanced Refrigerant forplacement of R-12, Proceedings of the 1992 Inter- Compreeslon Heat Pump, Research Institute of
national Refrigeration Conference - Energy Efr/- Innovative Technology for the Earth (RITE), De-
ciency and New Refrigerants, edited by O. R. Tree camber 1991 (RDB3,326)

I and J. E. Braun,Purdue University,West Lafayette,IN, volume 2, pages 669-676, July 1992 (8 pages
with6 figuresand3 tables, RDB2842) Proceedings of the 1990 USNC/llR-Purdue Re-frigeration Conference and ASHRAE-Purdue

I M-S. Zhu, L-Z. Han, Z-Z. Lln (TsinghuaUniversity, CFC Conference, edited by D. R. Tree, Ray W.China) B. Lu, D. Liu, and L Yang (Beijing Snow Herrick Laboratories, Purdue University, WestLafayette, IN, July 1990 (526 pages with 56 papers,
Rake Electrical Appliance Group Corporation, RDB1140)
China), Experimental Researches on Domestic

I Progress In Japan with Substitutes for CFC Re-
Refrigerators Using HFC-134a as Refrigerant,
Proceedings of the 1992International Refrigeration
Conference - Energy Efficiency and New Refriger. frlgerants: Report on Trip to Japan (17 Novem-

ber - 2 December 1989), Atr-Conditioning and

i ants, edited by D. R.Tree and J. E. Braun,Purdue RefrigerationInstitute(ARI),Arlington,VA, 1989 (17University, West Lafayette, IN, volume 1, pages pages including2 tables,RDBOC04) ".
241-247, July 1992 (7 pages with 1 figure and 5 ta-
bles,RDB2726) This report summarizes observations made

i during a trip to Japan to Investigate progressM-S. Zhu, L-Z. Han, and Z-Z. Lin (TsinghuaUniver- with substitutesfor chlorofluorocarbonrefriger-
sity, China), Researches of CFC Alternatives in ants, with emphasis on materials compatibility
Tsinghua University, Proceedings of the interns- and lubricantresearch Issues. The report sum-

I tional CFC and Ha/on Alternatives Conference marizes status of refrigerants, research, and(Baltimore,MD), Alliancefor ResponsibleCFC Pol- testingtechniques; an itinerary and list of con-
icy,Arlington,VA, pages 484-493, December 1991 tacts are included. The substitutes being ad-
(10 pages with6tables, RDB2312) dressed match those being pursued in the

United States, but the effort and depth of analy-Alterrmtive Refrigerant Relearch for Residential sisare greater.
Refrigerator-Freezerl, research project 614-RP,
AmericanSociety of Heating,Refrigerating,andAir- Research Needs for Energy Efficient AlternMivea

Conditioning Engineers (ASHRAE), Atlanta, GA, to Chlorofluorocarbons, request for proposalsApril1989-June 1991 (ASH0614) DE-RPO1-89ER30155,U.S. Department of Energy
(DOE), Washington,DC, August 1989 (170 pages,

The contractor for this project was Oak Ridge RDB1141)

I National Laboratory, led by E. Vineyard; it wassponsored by ASHRAE Technical Committees Report of the ARI Delegation to Japan on Alter-
3.1, Refrigerants and Brines, and 7.1, Residen. native Refrigerants, report DOE/CE/23810-12,
tia/ Refrigerators and Food Freezers. [seeRDB-

I 2412 for findings] Air-Conditioningand Refrigeration Institute (ARI),

I please see pages 5-8 for ordering information I
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m

Arlington,VA, February 1993 (20 pages Including2 ABSORPTION AND ADSORPTION m
appendices,availablefrom JMC as RDB3401) m

This documentreportson a trip, by an ARI dele-
gation, to exchange Informationon alternative M.R. Ally, Computer Simulation of Absorption m
refrigerantsand to review methods to screen Heat Pump Using Aqueous Lithium Bromide end m
alternativesto chlorofluorocarbons(CFCs) and Ternary Nitrate Mixtures, reportORNL/TM-10392,
hydrochlorofluorocarbons(HCFCs). Five rep- Oak Ridge National Laboratory, Oak Ridge, TN, m

resentativestravelled to Japan to participate in June 1988 (52 pages, available from NTIS, RDB- m
the InternationalSeminaron New Technologyof 1143) BI

AlternativeRefrigerants- Lubricantsand Mate- This report presentsthe results of a computer
rials Compatibility. They subsequentlyvisited simulatio;Istudyaimed at comparingthe poten- D
seven manufacturersand the Ministryof Inter- tlal performance of lithiumbromide (LIBr) and
nationalTrade and Industry (MITI). Techniques ternary nitrate aqueous mixtures in a ,heat

m

for materials compatibility screening, lubricant pump. The falling-filmheat transfer coefficient
testing,andflammabilitystudieswere of specific for the ternarynitratemixtureis estimatedto be m
interest. This report provides an overviewof lower thanthat for LIBrby about one-third. Due m
Japanese phase-out strategies, Identifies re- to a lack of measured thermophysicalproper-
search into alternative refrigerants and lubd- ties, the estimatesreliedon extrapolations.The

cants for them, and reviews the screening resultsshowthatthe ternarynitrate mixturemay m
methods used. lt discusses the status of be operated up to 260 °C (500 °F) boost tem- ii

retrofits and system design. The conference perature,which is approximately80 °C (176 °F)
agenda and listsof both the ARI delegatesand higher than what has been demonstratedwith
companiesvisited are provided in appendices. LiBr. In highertemperatureregimes,the nitrates m
The report notes that the leading replacement show the potentialfor 10% higher COPs and a m
refrigerantis-R-134a. Effortswith hydrochloro- marginallygreater absorbercapacity than UBr.
fluorocarbon (HCFC) alternatives are limited Experimentalmeasurementsof the falling film m
since companies expect to move away from heat transfer coefficient,subcooling, and ther- m
such fluids by the year 2000. R-32/134a mophysicalpropertiesare required to make a
(30/70) is considered a candidate to replace R- moredefinith_'einvestigation.
22, though the Japanese view this zeotropeas m
not flammable, unlike in the U.S., based on S.C. Bhaduri (Indian Institute of Technology), l
testing under different conditions. More than50 Thermodynamic Criterion for Selection of Re-
compounds have been synthesizedand are un- frlgerant-Absorbent Pairs for Vapor Absorption
der investigation as alternatives for R-502. Refrigeration System, Proceed/ngs of the Interne- mPolyol ester (POE) lubricantsare the prime lo- tional CFC and Halon Alternatives Conference m
cus for hydrofluorocarbons(HFCs), except in (Washington,DC), Alliance for Responsible CFC
automotive air conditioningwhere polyalkylene Policy,Arlington,VA,pages83-98, September1992
glycols (PAGs)are used. The report discusses (16 pages with 5 figuresand 1 table, RDB2A04) mspecific fluids, lubricants,test procedures,and m
regulatoryactions and expectationsfor several R.L. Cox, Improvements and Enhancements of
applicationareas. Observationsregardinguse the ABSORB Computer Program for Modeling
of absorption chillers as alternatives, govern- Chemical Absorption Heat Pump Sy_ems, re- m
ment incentives,CFC taxes, safety standards, port ORNL/TM-9957, Oak Ridge National Labora. ii

arid a CFC destruction technology also are tory, Oak Ridge,TN, July1986 (56 pages, available
mentioned, from NTIS, RDB1144) m

Status o1 CFCl - Refrigeration Systems and Re- This report providesdocumentationfor updates J
frigerent Propertlel, proceedingsof the meetings to ABSORB,a simulationprogram for modeling
of IIR Commissions Bl, B2, El, and E2 (Purdue chemical absorption heat pump systems of
University,West Lafayette, IN), InternationalInsti- varying configuration. A number of improve- m
tute of Refrigeration,Pads, France, July 1988 (438 ments and enhancementshave been incorpo- m
pageswith51 papers, RDB1142) rated to improve the robustness,flexibility,and

applicabilityof this code; these modifications
include: 1) a revised strategy of solving the m
system equations, 2) increased modulartzation m
of the program,and 3) the firsteffortsto employ
the code to determine an optimum economic m

designof a heat pump system. A listingof the iN
FORTRANsourcecode for ABSORB is Included m

as an appendix. The listingexcludes the opti-
mizing package NPSOL, which is proprietary m

m

I
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I and must be separately obtained. User docu- The contractor is the Georgia Tech
Research

mentatlon to run ABSORB Is published sepa- Institute, led by A. S. TeJa; the project was
ratelyinreportORNL/Sub/43337/2, sponsored by ASHRAE Technical Committee

I 8.3,Absorption and Heat-Operated Machines.R. C. DeVault,Advanced Absorption Cycles: Sys-
tem Development and Supporting Research, Working Fluids and Transport Phenomena in
Oak RidgeNationalLaboratory(ORNL),Oak Ridge, Advanced Absorption Heat Pumps, reportHPTC-

I TN, March 1990 (48 pages,RDB1145) 30.2, edited by T. Saito, Heat Pump TechnologyCenter of Japan, Tokyo, Japan, volume II, March
G. Grossman and E. Michelson,Absorption Heat 1990 (362 pages,RDB1148)

Pump Simulation and Studies, Part h A Modular This reportsummarizesthe findingsof the Inter-

I Computer Simulation of Absorption Systems, national Energy Agency (IEA)research project
report ORNL/Sub/43337/2, Oak Ridge National on Working Fluids and Transport Phenomena in
Laboratory, Oak Ridge, TN (available from NTIS,
RDB0926) Advanced Absorption Heat Pumps'(AnnexXIV).

I B.H. Jenningsand F. P. Shannon, The Thermo-
dynamic= of Absorption Re_geration, Refriger-

I ating Engineering, AmericanSociety of Refrigerat-Ing Engineers (ASRE,now merged into the Ameri- RESEARCH PROGRAMS
can Society of Heating, Refrigerating,andAir-Con-
ditioningEngineers,ASHRAE),Atlanta,GA, volume

i 35, pages333 rf, 1938 (RDB3230) G.C. Hourahanand M. S. Menzer (Air-Conditioningand Refrigeration Institute), Research Needs in
R.A. Macrissand T. S. Zawackt,Absorption Fluids Air-Conditioning and Refrigeration, Proceedings
Data Survey 1989 Update, reportORNL/Sub/84- of the ASME National Heat Transfer Conference

I 47989/4, Oak Ridge National Laboratory, Oak (Atlanta, GA, August 1993), Amedcan Society ofRidge, TN, 1989 (52 pageswith 21 tables,available Mechanical Engineers (ASME), New York, NY,
from NTIS, RDB1146) 1993 (8 pages with 5 figuresand 1 table, available

i This document updatesthe seriesof reportson from JMC as RDB3421)absorption fluids and data, ORNL/Sub/84- This paper outlines research needs stemming
47989/1,2,3, with data developedand published from introductionof alternativerefrigerantsand
primarilybetween 1985-1988, and by citationof the concurrent desire to maintain or increase

i 44 additional references. Seventy-fourworld- equipmentefficiency. Its purpose is to seed in-wide publications containing data relating to terest in and identifysponsorshipopportunities
properties of binary, ternary, and multicompo- for necessary research. The paper briefly re-
nent absorptionfluidsare identified. The fluids views potentialimpactsof refrigerantson ozone

i discussed Include combinations of 9 different depletionand globalwarming, lt thendiscussesrefrigerantcompounds, as well as 30 single, 7 vapor-compressionand absorptioncycles and '"
binary,and 1 ternaryabsorbentcompounds, equipment. Starting with their components, it

identifies research needs to utilize alternative

I M.R. Patterson, R. N. Crosswhite,and H. Perez- refrigerants. Researchof heat exchanger en-Blanco,A Menu-Ddvan Program for Determining hancement, fundamental boUlngheat transfer,
Properties of Aqueous Lithium Bromide Solu- considerationsfor glide utilizationfor zeotropes,
tions, report ORNL/TM-11331, Oak Ridge National

I Laboratory, Oak _',_ge, TN, January 1990 (38 and Influencesof lubricantsare among the top-icsaddressed. Design Issuesfor compressors,
pages with program diskette, availablefrom NTIS, both positive displacementand centrifugal,are
RDB1147) surveyedwith emphasison dischargevalve re-

I This report containsa descriptionof and user's quirements,Impeller Improvement,oil-freepos-guide for the computer program LIMENU for sibilitles,and seal refinement. Researchneeds
calculating the thermodynamic and transport are cited for materials compatibilityand lubd.
propertiesof aqueous solutionsof lithiumbro- cants, composition management for zeotropic

I mide (LIBr). blends,and leak sensorrequirements. The pa-per then discussesopportunities for not-In-kind
Thermophysic=l Property Data for Water-Lithium technologies Including absorption, adsorption
Bromide at High Temperatures and Concentre- (ordesiccant), Stirling,and othercycles, lt also

I tions, researchproject 527-RP, American Society mentionsneedsrelatingto distributionsystems,of Heating, Refrigerating,and Air-ConditioningEn- trainingof service personnel,and conversions
gineers (ASHRAE),Atlanta, GA, July 1987 - June to altemative fluids. The paper mentionsongo-
1991 (ASH0527) ingresearchbythe Air-Conditioningand Refdg-

I
I I please see pages 5-8 for ordering information I
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erationTechnologyInstitute(ARTI)andprovides AFEAS
a tabularsumrnaryof agenciesfundingresearch i
of atr conditioning and refrigeration. They in- Alternative Fluorocarbons Environmental Ac-
clude the ARTI, American Society of Heating ceptabillty Study, program description, AFEAS, i
Refrigerating and Air-Conditioning Engineers Washington,DC, April1990 (4 pages,RDB1149) |
(ASHRAE), Electdc Power Research Institute
(EPRI), Gas Research Institute (GRI), U.S. De- AFEAS was initiated in December 1988, as a
partment of Energy (DOE), and U.S. Environ- consortiumof 12 chemicalproducers,to assess n
mentalProtectionAgency(EPA). the potential impacts of chlorofluorocarbonre-frigerantalternativeson the environment. Re- II

M. O. McLinden, W. M. Haynes (National Institute suitswere presentedat the United NationsEnvt-
of Standardsand Technology,NIST, USA), J. T.R. ronmentProgramme(UHEP) meetingin Nairobi i
Watson (NationalEngineeringLaboratory,UK), and in August 1989, and were incorporatedas an
K.Watanabe (Keio University,Japan), A Survey of appendixto the ScientificAssessmentunder the

u
Montreal Protocol on Substances that Ddplete

Current Worldwide Research on the Thermody- the Ozone Layer. The study is beingexpanded m
namic Properties of Alternative Refrigerants, re-
port NISTIR 3969, National Institute of Standards to conduct further related research. This bro- |
and Technology, Boulder, CO, June 1991 (84 chureintroducesAFEAS.
pages, availablefrom NTIS, RDB2262) Alternative Fluorocarbons Environmental Ac- l

A surveyof researchon thermophysicalproper- ceptabillty Study (AFEAS) Summary Leaflets, U
ties of alternative refrigerants is presented in Alternative Fluorocarbons EnvironmentalAccept-
tabularform. Researchactivities throughoutthe ability Study, Washington,DC, 31 May 1990. (10
world, concerned with either measurementsor pages,RDB1150)
correlationsof properties,are summarized. The II
fluids include R-22, R-23, R-32, R.123, R-123a, Thisseriesof five leafletssummarizekeyAFEAS
R-124,R-125, R-134,R-134a, R-141b, R-142b, R- findings. They addressAtmospheric F/uorocar-
143a, R-152a, E-134 (bis-dlfluoromethytether), bons and Stratospheric Ozone, Breakdown n
fluoroethers,and hydrofluoroethersalong with Products of A/tematives, UV.B Radiation Mea.
mixturescontainingat least one of these. The surements, Alternative F/uorocarbons and G/o-

i

properties addressed are thermodynamic, bal Warming, and a Glossary of Terms.
transport, phase equilibria, dielectric constant, n
and refractiveIndex. The reportprovides sum- mm
mary information about each research activity,
including the ranges of data, estimated accu- ARI ,=
racy, and references. The organizationsand in- |vestigators involvedas well as apparatus and G.C. Hourahanand D. S. Godwin (Air-Conditioning
techniquesemployedare tabulated by country, and RefrigerationInstitute), ARI's R-22 Alternative
Neither actual property data nor correlating Refrigerants Evaluation Program (AREP), Pro- i
equationsare presented. The objectiveswere ceedings of the/ntemational CFC and Ha/onAlter- |
to assist in coordination of researchprograms, natives Conference (Washington,DC), Alliancefor
to expedite acquisition of required property ResponsibleCFC Policy, Arlington,VA, pages 55-
data, and to serveas a guide for ptanningfuture 64, September1992 (10 pageswith 3 figuresand 3 U
research. The collaborative effort to compile tables,availablefromJMC as RDB2906) i
this information was undertaken under Annex
18, Thermophysical Properties of the Environ- This paper summadzes a program to evaluate
mentally Acceptable Refrigerants, of the Ad- candidate fluicisto replace R-22, establishtest nprotocols to evaluatethem, conduct the tests,
vanced Heat Pump Programme of the Interna- mmand presentthe results. Theoverallobjective Is
tionalEnergyAgency. to performa broad screeningof alternativecan-

K. Watanabe (Keio University, Japan), Current didates, while eliminatingunnecessaryduplica- IStatus of Thermophyllcal Properties Research tion of work and wasting of limited resources,
on CFC Alternatives, Proceedings of the 3rd In. The paper outlines the AREP organization, in-cluding itsTask Force (chairedby D. M. Gold-
ternational Energy Agency Heat Pump Conference berg) and Technical Committee (chaired by E. mm
(Tokyo, Japan, 12-15 March 1990) edited by T.
Saito and Y. Igarashi, Pergamon Press, Elmsford, B. Muir); both their members and participating II
NY, pages 263-282, 1990 (22 pages,RDB0408) international organizations are named. Thedocument reviewsconsiderationsfor ten candi-

dates selectedfor Initialexaminationfrom neady i
30 nominations. They include R-32/R-125 II
(60/40), R-32/R-134a (25/75), R.32/R-125/R-
134a (10/70/20), R-290 (propane), R-134a, R-

!
I
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I 717 (ammonia), R-32/R-125/R-290/R-134a and will be
components coordinated and

(20/55/5/20), R.32/R-125/R-134a (30/10/60), shared. Appendicesto this program harclbook
R-125/R-14,3a (45/55), and R-125/R-143a/R- Identify committee members, participation

I 134a (45/50/5); the list notes changes in se- commitments, internationalorganizationscon-lected blend compositions from earlier AREP ducting similar research, and pertinent combi-
documents. The lasttwo are of primary Interest nations of refrigerants and heat exchanger
as potential replacements for R-502. Proco- types. This handbookprescribescommon ter-

I dures and conditionsfor compressorcalorlme- minologyand definitionsto be used as well aster and heat transfer test are outlined. The formats and contents to be provided for the
Electric Power Research Institute (EPRI) is program.
funding the heat transfer segment. Planned

I drop-in tests, system simulations,and system ARI Resee,rch Plan, Air-Conditioningand Refrtger-tests are outlined. Resultsof the work will be ation Institt.¢e,Arlington,VA, 10 March 1992 (58
disseminated through technical publications pages,availablefromJMC as RDBOC01)

i and throughthe RefrigerantDatabase. A Gantt This plan documents research needs for air-chart showsthe schedulefor introductionof R- conditioningand refrigeration,with primary fo-
22 replacements. Additionalfiguresindicatethe cus on refrigerants,energy conservation,and
AREP testing plan and detail the heat transfer buildingenvironment, lt providesIndustryguid-

l testingprotocol, ance for public-sector research organizationsand sponsors, it also may be usefulto individ-
Participants' Handbook: R-22 Alternative Re- ual companiesin planning proprietaryresearch
frigerants Evaluation Program (AREP), Air-Con- and developmentor cooperative programs. A

i ditioningand RefrigerationInstitute (ARI),Arlington, specificplan for materialscompatibilityand Iu-VA, 2 November 1992 (44 pages, available from bricant research, the basis for the Air-C,ondi.
JMC asRDB2B03) tioning and RefrigerationTechnology Institute

This document outlinesan ARI programto eval- (ARTI) Materials Compatibility and Lubricant

I uate candidate alternativesfor R-22 and R-502, Research (MCLR) Program, is Included as anthe latter an azeotrope of R-22 and R-115, for appendix. A secondappendix providesa aedes
unitary air conditioners, heat pumps, chillers, of charts, to show the status of alternativere-

i refrigeration equipment, and ice-making ma- frigerants and projectionsfor their commerci-
chines. This cooparative program seeksto ac- alization. The charts also list announced pro-
celerate introductionof alternativesby focusing ductionplants. Charts are Includedfor R-32, R-
researchefforts and avoidingduplicative work. 123, R-124, R-125, R-134a, R-142b, R-143a, R-

i The document outlinesthe AREP organization, 152a, and E-134. A third appendix providesincludingitsTask Force (chairedby D. M. Gold- elaborationsfor selected research recommen-
berg), Technical Committee (chaired by E.B. dations including objectives, rationale, sug-
Muir), and Heat Transfer Subcommittee. lt gested approaches, and estimated or recom-

I identifies cooperating organization, including mended budgets and time requirements. Thisthe European Committee of Manufacturers of version updates and replaces those published •
Refrigeration Equipment (CECOMAF) and the on 6 November1989, 30 April 1990, 19 Decem-
Electric Power ResearchInstitute (EPRI). EPRI ber 1990,and25 September1991.

I is funding, coordinating,and managingthe heattransfer segment, an integral part of the pro-
gram. The document identifiesthe nomination

process and resultant candidate refrigerants, ARTI

I which have changed since the pdor version ofthis document. They Include R-32/R-125
(60/40), R.32/R-134a (30/70), R-32/R-125/R- G.C. Hourahan and S. R. Szymurski, Materials
134a (10/70/20), R-290 (propane), R-134a, R- Compatibility and Lubricants Research on CFC.

I 717 ' (ammonia), R-32/R-125/R-290/R-134a Refrigerant Subatltutea, report DOE/CE/23810-8,Air-Conditloningand RefrigerationTechnology In-
(_20/55/5/20), R-32/R-125/R-134a (30/10/60), stitute (ARTI), Adlngton, VA, January 1993 (38R-32/R-134a (25/75), R-32/R-227ea (35/65), R-
125/R-143a (45/55), R-125/R-143a/R-134a pages with 12 figures and 9 tables, availablefrom

I and JMC as RDB3204)
(44152/4), R-32/R-125/R-143a (10/45/45).
The lastthree are of primary Interestas potential This progressreport summarizesthe goals and
replacementsfor R-502. Procedures and condi- statusof the Materials Compatibilityand Lubri-

I tionsfor compressorcalorimeterand heat trans- cant Research (MCLR) Program, jointlyfundedfer test are specified for participants. Resultsof under a grant from the Department of Energy
the work willbe disseminatedvia the Refrigerant and cost sharingby the air-conditioningand re-
Database. Related researchon toxicityand en- frigeration industry. The 36-month program

I vironmentalassessmentsof the candidatefluids

i I please see pages 5-8 for ordering information }
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mm

supports critical research to accelerate Intro. projectsto measurethermophyslcalproperties, Bl
duction of substitutes for chlorofluorocarbon model the performanceand key operating pa- []

(CFC) refrigerants. The report reviewsprojects rametersof nine potentialalternatives for R.22,
to measure thermophyslcal properties, model test the chemicaland thermal stabilityof refdg- mm
the performance and key operatingparameters erant-lubricantmixtureswith metals, and mea- l
of 12 potentialalternativesfor R-22 and R-502, sure the miscibilityof lubricants with refriger-
test the chemical and thermal stabilityof refrig- ants. Three projects are providing information
erant-lubrtcantmixtures with metals, and mea- on the compatibility of refrigerants and lubd- n
sure the miscibilityof lubricantswith refriger- cants with motor materials,elastomers,and an- U
ants. lt outlinesprojectsto provide Information gineering plastics. An eighth project collects
on the compatibilityof refrigerantsand lubri- and facilitatesdisseminationof data throughde-
cantswith motor materials,elastomers,and en- velopment and administrationof a refrigerant n
gineeringplastics. The report identifiesthe ob- database. The second phase of the project II
jectives and contractorsfor three new projects commenced in October 1992 and will continue
to develop accelerated screening and test through September 1994. The scope of the
methods to predict lubricant performance in program, objectivesof the Individual projects, n
compressors, the life of motor materials ex- and significant intedm findings are presented. Bl

posed to refrigerant-lubricant mixtures, and This program summary also identifies reports
chemicaland thermal stabilityof refrigerant-Iu- resultingfrom the Individual projects, Including n
bricantmixtures. Other projects Introducedwill three new final reports on "Theoretical Eva/ua. Imeasure the viscosity,density, and solubilityfor tions of R-22Alternative Flu/ds," "Chem/ca/and
refrigerantblendsin selected lubricants,electro- Thermal Stability of Refrigerant-Lubricant M/x.
hydrodynamic(EHD) enhancementof heat ex- tures with Metals,"and "Miscibility of Lubricants BB
changers for alternative refrigerants,and the with Refrigerants." Ten tables summarize the I
compatibUityofdesiccantswith refrigerantsand miscibilityof alternative refrigerants In seven
lubricants. An ongoing project to collect and tested lubricants.
facilitate disseminationof data, through devel- n
opment and administration of a refrigerant M.S. Menzer (Air-Conditioningand Refrigeration U
database, Is cited. The scope of the program, Technology Institute,ARTI), ARTI Preliminary Re,
objectivesof the Individual projects,and signifi- suits of Materials Exposed to Refrigerant| and
cant Interim findings are presented. This pro- Lubricants, Proceedings of the 1992 International m
gram summary also Identifiesreports resulting Refrigeration Conference - Energy Efficiency and II
from the individual projects, including three final New Refrigerants, edited by D. R. Tree and J. E.
reports on "Theoretical Evaluations of R-22,4/- Braun, Purdue University,West Lafayette, IN, vol-
ternative Fluids," "Chemical and Thermal Stabil- ume 2, page 677, July 1992 (1 page, availablefrom IB
ity of Refrigerant-Lubricant Mixtures with Met- JMC as RDB2812) mm
als," and "Miscibility of Lubr/cants with Refriger- This synopsis introduces the Materials Com-
ants." Eight figures summarize progress in patibilityand LubricantResearch (MCLR) Pro- n
measuring thermophysical properties of R-32, gram, an effortto investigatethepropertiesand II
R-123, R-124, and R-125. Three figuresprovide compatibilitlesof alternative refrigerants. The
Danieland densityplots for R-12 and R-22 with goal of this program is to accelerate commer-
mineraloiland R-134awith pentaerythritolester cializationof chlorofluorocarbon(CFC) and hy- n
mixed acid. A table summarizes measured drochlorofluorocarbon(HCFC) substitutes in I
elastomer swelling tn refrigerantsand lubricants, air-conditioningand refrigeration appUcations.

The funding and program management are ln-
G. C. Hourahan and S. R. Szymurskl, Materials dicated. Seven research projects exceeding n
compatibility and Lubricant| Remrch on CFC-
Refrigerant Sub_itutN, report DOE/CE/23810-4, $1.2 million in total are identified for the first

mm
Air-Conditioning and RefrigerationTechnology In- phase. The program Includesprojectsto mea-surethermodynamicand heat transport proper-

stitute (ARTI), Arlington, VA, October 1992 (16 ties of refrigerants,test the chemical and ther- I
pages with 10 tables, available from JMC as RDB- mal stability of reffigerant-lubricant mixtures u

2B02) with metals, and measure the miscibilityof re-
This progress report summarizesthe goals and frigerantsand lubricants. Three additionalpro- n
status of the MaterialsCompatibilityand Lubrt- jects will provide Information on the com- Icant Research (MCLR) Program, Jointlyfunded patibilityof refrigerantsand lubricantswith mo-
under a grant from the Department of Energy tor materials,elastomers,and engineeringplas-
and cost sharingby the air-conditioningand re- tics. The seventh project facilitatesdlssemina- []
frigeration industry. The 36-month program tion of data throughdevelopmentand adminis- m
supports critical research to accelerate intro- tration of a refrigerantdatabase. The second
duction of substitutes for chlorofluorocarbon phasealso is introduced, lt includesprojectsto
(CFC) refriger_'_t_ The program comprises BI

II

I



I Refrigerant DatsNse Page 115

I measure the solubilityand viscosityof refrtger. Three projects will provide information the
on

ant-lubricant mixtures, their compatibilitywith compatibilityof refrigerantsand lubricantswith
desiccants,and development of screeningand motor materials, elastomers, and engineering

I test methods. This summary servesas a pref- plastics. An eighth project collects and facilJ-ace for fivepresentationsfromthe program, tares disseminationof data through develop
ment and administration of a refrigerant

S. R. Szymurskl(Air-Conditioningand Refrigeration database. The scopeof the program,objectives

I TechnologyInstitute,ARTI), Materials Compatibil. of the projects,and significantpreliminaryfind-ity and Lubricant Research on CFC-Refrigerant ingsare presented. [see RDB2B02for update]
Substitutes- Research Update, Proceedings of
the International CFC and Halon Alternatives Con- S.R. Szymurski,Materials Compatibility and Lu-

I ference (Washington,DC) Alliancefor Responsible bricants Research on CFC-Refrigerant Substl-CFC Policy,Adington,VA, pages73-82, September tutes, report DOE/CE/23810-1, Air-Conditioning
1992 (10 pages,RDB2A03) and RefrigerationTechnology Institute(ARTI), Ar-

I This paper providesan updateon the goalsand Iington,VA, January 1992 (6 pages,availablefromstatus of the MaterialsCompatibilityand Lubri- JMC as RDB2414)
cant Research (MCLR) Program, jointly funded This interimreportsummarizesthe progressof
under a grant from the Department of Energy the Materials Compatibility and Lubricant Re-

I and cost sharingby the air-conditioningand re- search (MCLR) Program. lt is jointlyfunded un-frigeration Industry. The program addresses der a grant from the Department of Energyand
criticalresearchto acceleratethe Introductionof cost sharing by the air-conditioningand re-
substitutesfor chlorofluorocarbon(CFC) refrig- frtgeratlon Industry. The program addresses

I erants. The program comprises projects to refrigerantand lubricant properties, materialsmeasure thermophysical properties, test the compatibility, and lubricants for alternative
chemical and thermal stabilityof refrigerant-Iu, refrigerants. The program comprises projects
bricant mixtureswith metals, and measure the to measurethermophysicalproperties, test the

I miscibilityof lubricantswith refrigerants. One chemical and thermal stabilityof refrigerant-Iu-project is modellingthe performance and key bricant mixtureswith metals, and measurethe
operating parameters of alternatives for R-22. miscibUityof lubricantswith refrigerants. Three
Three projects will provide information on the projects will provide Information on the com-

I compatibilityof refrigerantsand lubricantswith patibilityof refrigerantsand lubricantswith mo-motor materials, elastomers, and engineering tor materials,elastomers,and engineeringplas-
plastics. An eighth project collects and facili- tics. A seventhprojectwill collect and facilitate

i tates disseminationof data through develop- disseminationof data throughdevelopmentand
ment and administrationof a refrigerantdata- administrationof a refrigerant database. The
base. The scope of the program,objectivesof scope of the program, objectives of the seven
the projects,and significantpreliminaryfindings initialprojects,and highlightsof the firstquarter

I are presented, are presented. 1_e primary effort focused onsolicitation,evaluation,and negotiationof pro-
S. R. Szymurski,Matedals Compatibility and Lu- posals for the cited projects. A grant proposal
bricants Research on CFC.Refrlgerent Substi- for the second phase was completed and sub-

I tutes, report DOE/CE/23810-3, Air-Conditioning mitred to the DOE. [see RDB2809 and RDB-and RefrigerationTechnology Institute(ARTI), Ar- 2B02for update]
lington, VA, July 1992 (13 pages, available from
JMC as RDB2809) Materials Compatibility and Lubrlcant Research

I This progressreport summarizesthe goals
Presentation Slides, report DOE/CE/23810-9, Air-

and
Conditioningand RefrigerationTechnology Institute

status of the MaterialsCompatibilityand Lubri- (ARTI), Arlington,VA, February 1993 (98 pages,cant Research(MCLR) Program, Jointlyfunded

I under a grant from the Department of Energy availablefromJMC as RDB3206)and cost shadngby the air-conditioningand re- This report containsprintsof the chartsused by
frlgeratlon Industry. The program addresses five researchers for a seminar on Materials
criticalresearchto acceleratethe Introductionof Compatibility and Lubricant Research as partof

I substitutesfor chlorofluorocarbon(CFC) refrig- the 1993 AmericanSociety of Heating, Refdger-erants. The program comprises projects to ating,and Air-ConditioningEngineers(ASHRAE)
measure thermophysical properties, test the Winter Meeting, held in Chicago in January
chemical and thermal stability of refrigerant-Iu- 1993. This sessionwas sponsored by ASHRAE

I bricant mixtureswith metals, and measure the Technical Committees 3.2 (RefrigerantSystemmiscibilityof lubricants with refrigerants. One Chemistry),3.3 (ContaminantControl in Refdg-
project is modeUingthe performance and key erating Systems), and 3.4 (Lubrication). The

i operating parameters of alternatives for R-22. presentationsincluded were by D. F. Hutten-

I [ please see pages 5-8 for ordering information
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Iocher (SpauschusAssociates,Incorporated)on Compressors." Further projects will examine i
"Chemical and Thermal Stability of Refrigerant. 'Double.Wailed Heat Exchangers for Class 2 Bl
Lubricam Mixtures with Metals," S. C. Zoz (Iowa Refrigerants," "Heat and Mass Transfer Add/.
State Universityof Scienceand Technology) on rives in Aqua-Ammonia Systems," "Impacts of i
"Miscibility of Lubricants with Refrigerants," G. Lubricants on the Segregation of Non. I
R. Hamed (The Universityof Akron)on "Compa- azeotropic Refrigerant Mixtures," "Impacts of
tibility of Refrigerants and Lubricants with Elas. Lubricants on the Segregation or Fractionation
tomers," R. C. Cavestd (ImaginationResources, of Refrigerant Mixtures." "This plan summarizes i
Incorporated) on "Compatibil!_ of Refrigerants anticipatedfunding and procedures for imp/e- n
and Lubricants with Plastics, and R. G. Doerr mentingthe research identified; it replacesvet-
(The Trane Company) on "Compatibility of Re- sions publishedfor preceding years [see RDB.
frigerants and LuDricants with Motor Materials." 2426]. i
The research projects covered are funded by i
ARTI under a grant from the U.S. Departmentof 1992-1993 Research Plan, American Society of
Energy. (Presentationslides are not reviewed Heating, Refrigerating,and Air-ConditioningEngi-
by ASHRAE except for commercialism;no en- neers (ASHRAE),Atlanta,GA, 1 January 1992 (25 i
dorsementshouldbe Inferred.) pages, RDB2426) m

This list of prospectiveresearchsubjectsidenti-
ties 182 high-priority projects, grouped Into i
eightproject classificationsbased on approved i

ASHRAF., funding guidelines. Projectsrelatingto refriger-
antsfall in severalof thesecategories,Including

1993-1994 Research Plan, American Society of the highest prioritytopic, Environmentally-Safe i
Heating, Refrigerating,and Air-ConditioningEngl- Materials (CFC, etc.). The researchareas were n
nears (ASHRAE), Atlanta, GA, 1 January 1993 (40 proposed by ASHRAE Technical Committees,
pages,RDB3118) Task Groups,and other committees;they were

prioritizedby ASHRAE's Researchand Techni- I
This list of prospectiveresearchsubjects/dent/- cal Committee. The highest priorlty group II
ties 238 proposed projects, 72 designated as (three stars)includes researchof thermophysi-
priority status. The projects are grouped into cal propertiesof R-123, R-125, R-134a, and R-
nine project classifications,based on approved 141b, as well as measurementof two-phase re- i
fundingguidelines. Projectsrelatingto refrlger- frigerantliquid-vapormass flow rates. The next BB
ants fall in severalof these categories,Including classificationincludesreal-timedeterminationof
the highest prioritytopic, Environmentally-Safe the lubricantconcentrationdissolvedin alterna-

Materials (CFC, etc.). The researchareas were tive refrigerants, evaluation of leak detection i
proposed by ASHRAE Technical Committees, methods for non-CFC refrigerants, and flow i

Task Groups, and other committees;they were regime mappingof R.134a/lubricantmixturesin
prioritized by ASHRAE'sResearchand Techni- smooth and internallyenhancedtubes, lt also

cal Committee. The highest priority group includes experimental determination of heat I
(three stars) includesresearchof "Thermophysl- transfer with R-134a and R-22 refrigerants in
cal Properties of Alternative Refrigerants." The water-cooled condensersand direct-expansion

next classificationincludes"Cascade Refrigera- water coolers usingbrazed plate heat exchang- i
t/on System to Replace CFC and HCFC Refrig. ers. The one-star priority group Includes re- a
erants Below -60 °F"[-51 °C]. The one.star prl- search of alternatives to replace R-22 and R-
oritygroup includesdevelopmentof "A Uniform 502, developmentof a uniformequationof state
Equation of State for Alternatives to CFC Refrig- for alternativerefrigerants,and determinationof BI
erants." lt also Includes "Dispersion of Ammo- propertiesand heat transfereffectsfor mixtures sl
nia Plumes in the Atmosphere" and researchto of alternative refrigerantsand lubricants. Re.
"Develop Solubility end Viscoaity Data for Vari- search of ammonia (R-717) dispersion in the

ous Oil.Refrigerant Mixtures at High Discharge atmospherealso Is Included. This plan summa- B
Temperatures and Pressures.* Among nonpd- rizes anticipated funding and procedures for i
ority projectsare thoseaddressing"Mixtures of implementingthe researchidentified;it replaces
Alternative Refrigerants and Lubricating Otis - theversionspublishedfor precedingyears.
Properties and Effects on Heat Transfer," "Dave- i
lop Corrosion Data with Materials of Con- i
struction and New Refrigerant-Lubricants at
Various Moisture Levels," "Develop Refrigerant.
Lubricant-Desiccant Moisture Equilibrium Data _ i
with New HFC Refrigerants and Relevant Lubri- i
cants," and "Measurement of R-22 and Altema. Refrigeration Systems Program Summery, report
rive Refrigerant Leakage Rates from Open-Shaft DOE/CHI0093-120, U.S. Department of Energy

!
I



I Refrigerant Datal_ee Page 117

i (DOE), Washington, DC, December 1991 (24 PAFTpages, available from NTIS as GPO #573-

122/40020 at pricecode AO3,RDB2263) Program for Alternative Fluorocarbon Toxicity

I This document summarizesresults,current ac- Testing, programdescription,PAFT,Bdsto_,Unitedtivities,and objectivesof the U.S. Department of Kingdom,May 1990 (4 pages,RDB1151)
Energy (DOE) for research of refrigerators,air
conditioners,heat pumps, chillers,and super-

I market systems. Key activities include investi-gation of alternativerefrigerantsand refrigera-

tion cycles, developingadvanced technologies MISCELLANEOUS DOCUMENTS

I for future air-conditioning and refrigeration
equipment designs, and developing advanced
insulationfor appliances. The program struc-
ture and opportunitiesfor collaborationwith in- T. Atwood (AIIiedSignalIncorporated),The Need

i dustryare outlined, for Standardlzed Nomenclature for Refrlgerants,
ASHRAEJournal, American Society of Heating,Re-
frigerating, and Air-ConditioningEngineers (ASH-
RAE), Atlanta,GA, volume 31, number 11, pages
44-47, November1989 (3 pageswith 1 table, RDB-

I EPA 0545)

W. R. Rhodes (U.S. Environmental Protection V.D. Baxter, Report of Foreign Travel: 9-11 May

I Agency, EPA), Stratospheric Ozone Protection: 1990 [Applicationof Zeotropic MixtureRefrigerantsAn EPA Engineering Perspective, Journal of the in Refrigeratorsand Use of the Lee-Kesler-Ph_cker
Air and Waste Management Association, volume Equation of State], ORNL/FTR-3611, Oak Ridge
41, number 12, pages 1579-1584, December 1991 National Laboratory,Oak Ridge, TN, 14 May 1990

i (6 pages with 2 tables,availablefromJMC as RDB- (20 pages, RDB1153)2707)
This Informalreport summarizesthe final work-
ing meetingof the InternationalEnergyAgency

i (IEA) research project on State and Transport
Properties of High.Temperature Working Fluids

JRAIA and Nonazeotropic Mixtures (AnnexXIII). lt also
addressesresearchat the Universit_itHannover,

i S. Uemura (Daikin Industries,Limited, Japan), Ba- funded by the U.S. EnvironmentalProtectionsic Requirements and Future Solutions of Air- Agency (EPA), on application of refrigerant
Conditioning Units with alternative Refrigerants blendsin refrigeratorsand separate workto use
- 1, paper 5.2, Proceedings of the lnternat/onal the Lee-Kesler-PlOckorequationof state to pre-

i Seminar on New Technology of Alternative Refrig. dict refrigerantproperties.erants - Lubricants and Materials Compatibility ..
(Tokyo, February 1983), Japanese Association of J.M. Calm (EngineeringConsultant), Refrigerant
Refrigeration (JAR), Tokyo, Japan, pages 89-94, DatabP.==e,report DOE/CE/23810-11D, Air-Condi-

I February 1993 (6 pages with9 figuresand 6 tables, tioning and Refrigeration Technology InstituteRDB3317) (ARTI),Arlington,VA, April 1993 (126 pages, avail-
able from JMC as RDB3459)

I H. Wakabayashi (Matsushita Electric Industrial This document providesbibliographiccitationsCompany, Limited, Japan), Basic Requirements for 692 publicationsthat may be useful in re-
and Future Solutions of Air-Conditioning Units search, design, and application of air-condi-
with alternative Refrlgerante - 2, paper 5.3, Pro- tioningand refrigerationequipment. Synopses

i ceedings of the International Seminar on New of the content, materials addressed, and keyTechnology of AJtemat/ve Refrigerants - Lubri- conclusionsare providedfor approximatelyhalf
cants and Materials Compat/billty (Tokyo, February of these documents. The database identifies
1983),Japanese Associationof Refrigeration(JAR), sourcesof specific informationon R-32, R-123,

i Tokyo, Japan, pages 95-100, February 1993 (6
pages with6 figuresand 4 tables, RDB3318) R-124,R-125,R-134, R-134a, R.141b, R-142b,R-

143a, R-152a, R-245ca, R-290 (propane), R-600
(butane),R-6OOa(Isobutane), R-717 (ammonia),
ethers, and others as well as azeotropic and

I zeotropic blends of these fluids, lt addressesmineral oil, alkylbenzene, polyalkylene glycol
(PAG), polyolester,and otherlubricants, lt also

I references documents on compatibility of re-

roll please see pages 5-8 for ordering information I
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ii

frlgemnts and lubdcarU wlth metals, plastlcs, frlgeflintl, ASHRAE Journal, American Society of li
elastomers, motor Insulatlon,and other mated- Heatlng, Refrlgeratlng,and Alr-CondltlonlngEngl- m

als used In rgdgerant clrcults. The database Is nears (ASHRAE),Atlanta, GA, volume 31, number
available In both a computerizedversionand as 1I, pages 48.51, November 1989 (3 pages, avail- I
a listing In report form. The computedzedver- ablefrom JMC as RDB0546) |
sion includesthe same citations and abstracts Thls paper providesrecommendationsfor con-
as the reportversion plus22 additional citations, slstent use of prefixes for refrigerant deslgna-
for superseded and historicaldocuments, and tions. The need for uniformnomenclatureanda I
data summaries for 90 Individual refrigerants survey, performed for the Technology Council ml

and blends, lt is accompanied by retrievalsoft- and the Research and Technical Committee
ware to facilitate searches for specific informa.

(R&T) of the American Society of Heating, Re- •
tion; the software enables searchesfor user-se- frigeratlng, and Air-Conditioning Engineers
lectedterms, or combinationsof terms, lt offers (ASHRAE), are summarized. The requirement

il
severalautomated features to simplifysearches surfaced with Increasingregulatoryand leglsta-
including optional prompting by search cate- tive actionsto limit production,use, and emls- lm
gory, an automated "thesaurus"of synonyms sion of refrigerantsof environmentalconcern. A
and relatedterms, chainsearchesto broaden or variety of composition-designating identifiers

II
narrow pdor searches,and a "wildcard"capabil- were introducedto distinguishbetween refricer-
ity to allow entry of word segments. The soft. ants, but nonuniformusage resulted In confu-
ware also enables printingof selected citations, ston rather than clarification. [The recommen-
abstracts,and refrigerantsummariesas well as dations of this paper were incorporated into
preparationof a document order lists. Bothver- ASHRAEStandard34.1992, see RDB20(]9]sions of the database include instructionsto mm

obtaincited documentsor subscriptionsfor up- E. Johnsonand J. Noble, A Survey of Altermitlves Ii
dates to the database. Whereas prior releases to Ozone-Destroying Timhnologlee, Greenpeace
of the database have focused primary on the Intemationat, Washington, DC, June 1990 (35
information needs of manufacturers and re- I
searchers, attention Is belng increased to the pages, RDB1154) I
requirements of refrigerant users, beglnnlng Thls report Is a survey of innovations old and
withthis release, new that could provide _ goods and services

currently dependent on ozone-destroying lm
j. M. Calm (EngtnearingConsultant), Refrigerant chemicals, lt Is represented as an attempt to II
Database, Proceed/rigs of the international CFC show the range of technologies that could be
and Ha/on Alternatives Conference (Washington, used as replacements without adverse impact
DCI Alliancefor Responsible CFC Policy, Arling- on the ozone layer. The survey notes that the ii
ton, VA, pages 55-72, September 1992 (8 pages HCFC and HFC alternatives have not been II
with 4 figures, available from JMC as RDB2907) proven to be harmless to the ozone layer, but

are greenhouse gases and have serious toxicity
This paper reviewsthe historyof the Refrigerant problems. IDatabase, including initial efforts by the Air-

Conditioning and Refrigeration Institute (ARI) P.I. Rothfleischand D. A. Dldlon (NationalInstitute
III

and National Institute of Standards and Tech- of Standards and Technology, NIST), A Perfor-
nology(NIST), The database currently is spon- mince Evaluation of I Variable Speed, Mixed B
sored by the Air-Conditioningand Refrigeration Refrigenint Heat Pump, report NISTIR 4597, Na- m

Technology Institute(ARTI),as part of the Mate- tional Institute of Standards and Technology,rials Compatibility and Lubricant Research

(MCLR) Program, under a gram from the U.S. Gaithersburg, MO, June 1991 (64 pages with 10 Ifigures and 7 tables, available from NTIS at price
Department of Energy (DOE). The paper out- code AO4,RDB3337)lines the contents and focus of the database,
and describesthe searchand retrievalfunctions This report evaluatesthe performance of an in- m

available in a computerized version. Sample novativeheat pump, equippedwith a distillation li
searches are Illustratedalong with the results column to shift the compoaltk:)nof a zeotropic li

obtained. Options to specify search terms are refrigerantmixture. This product was comrner-
summarized; they Include topical prompts, clalized In Japan on a limited basis, but has •
comblnationsof search criteria (using Boolean since been withdrawn. The report contrasts !
Iogioal operators), and chained searches to re- loads to equipment capacity and shows the
fine or broaden earlier searches. The proca- compositionshiftingstrategy schematically, lt
dures to obtain the database and documents outlines equilibrium (or flash) and continuous mm
cited by lt are indlcated, rectification approaches for dlstillatlon, lt re- |

views prior work In the area and describes the
J. M. Calm (Alr-Condltlonlngand RefrigerationIn- test model,whlch usesa blend of 20% R-13BI
statute,ARI), Composition Designations for Re- li

ii

I
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n and 80% R-22 by weight. Measured perfor- tute for reading cylinder labels and rnarkings,mance at standard rating conditions and sea- the guidelinefacilitatesdistinctionamong refrig-
sonal energy calculations are summarized for erant containers by content. Four groups are

U both the heating and coo:;ng modes. No com- identified,namely those for liquidsat 20 °C (68position shifting was observed in the tests. °F) normally packaged in drums, low-pressure
Simul_.tionsusingan ideal-cycle model are de- fluids,high pressurefluids,and flammable (red
scribed to demonstrate the potential value of band) refrigerantsor mixtures. A table summa-

U composition control. While heating seasonal rizes color assignments and correspondingperformance gains were found to be small, color matchingdata. Refdg_'_rantswithassigned
avoidance of au×iliaryheat requirementswere colors Include R-11 (orange),R-12 (white),R-13
._ubstantlal.Coolingperformanceis indicatedto (light blue, sky), R-13B1 (pinkish-red,coral), R-

I be approximately 2% Iowar with R-13B1/22 14 (yellow-brown,mustard), R-22 (light green),(20/80)blend than with R-22a!one. R-23 (light blue grey), R-113 (dark purple, vio-
let), R-114 (dark blue, navy), R-116 (dark grey,

K. Ushimaru (Energy International, Incorporated), battleship),R-123 light blue grey), R-134a (light

U In:pact of CFC Curt_lmewt on Refrigeration and blue, sky), R-500 (yellow), R-502 (light purple,Mitigation Research in Japan, CFCs: Today's lavender),and R-503(blue-green,aqua).
Options - Tomorrow's Solutions (proceedingsof
ASHRAE'_ 1989 CFC Technology Conference, JICOP Guide, Japan Industrial Conference for

U Gaithersburg,MD, 27-28 September 1989), Amed- Ozone Layer Protection, Tokyo, Japan, Januarycan Society of Heating, Refrigerating,and Air-Con- 1991 (8 pages,availablafromJMC as RDBi204)
ditioningEngineers(ASHRAE),Atlanta, GA, pages JICOP was formed in 1988 as the Promotion

I 107-1i 7, 1990; republishedin International Journal Conference for Rational Use of Specified CFCs,,f Refrigeration, Pads, France, volume 13, number and renamedin June 1990. lt isan organization
3, pages 131-141, M_rch 1990 (10 pcges with 10 of Industrial producers and consumers ad-
figuresand2 tabtes,RDB1205) dressing ozone4ayer protection in Japan. Its

I This pa.Derfocuseson efforts in Japan to de- main activities Include publicity, infonna_ionvelop technical optionsfor reducingCFC emis- sharing,surveysof actions by other countries,
sions. Alternativerefdgerant,,._for R-12 (used in preparationof guides,and training. This leaflet
automobile air-conditionersand residential re- introducesthe organizationand liststhe 55 cur-

N frigerators) and R-113 (used extensivelyas a rentmembers. Included arethe Japan Assocla-solventand cleaningagent)are presented. CFC tion of Refrigeration,Japan Associationof Re-
mitigation options are discussed for control frigeration and Air-ConditioninG Contractors,
technologies, work practices and economics, Japan Floe Gas Association,and Japan Refrig-

i chemical substitutes, and product substitutes, eration and Air-Conditioning Industry Associa-Japan's usageprofileand historicalbackground tion.
on its environmental responsivenessare ad-

l dressed. The article notes that I:t,_113recovery Manual for Reductions in the Use of Ozone Do-and recycling equipment are ai_'_adymarketed pleting Substances, Japan Industrial Conference "
in Japan and that the demand for this equip- for Ozone Layer Protection,Tokyo, Japan, second
ment is projectedto growto $15 billionby 1998. edition, February 1992 (140 pages, available from

n Additionally, leading ,Japanese chemical pro- JMC as RDB2705)ducers are moving forward with plans for the This manualoutlinestechnologiesfor reduction
productionof R.134a as a substitutefor R-12. and substitutionof chlorofluorocarbons(CFCs)

and other ozone-deple_ingsubstances(ODSs).

I Assignment of Refrigerant Container Colors, ARI lt is intendedto assistODS usersto develop theGuideline N-1992, Air-Conditioningand Refriger- most effective measures for each application.
atlon Institute (ARI), Arlington,VA, 1992 (8 pages, Section111.4addressesleak preventionand use
with 1 tables,available from ARI for $15.00, RDB- reduction for refrigerantsas well as research

I 3101) and of substituterefrigerantsand
development

This guideline sets _--olorstandardsfor contain- technologiesto usethem. lt brieflysummarizes
ers for existing,new,and reclaimedrefrigerants,, reduction measures for centrifugal chillers,

I lt further provides a means by which ARI can automobile air conditioners,commercial refdg-assign colors as new refrigerants are intro- eration,transportrefrigeration,and refrigerators.
duced, and maintains a record of those as- Other sectionsof this document review regula-
signed and available. The guidelinealso rec- tory measures for refrigerants, toxicity and

m ommends a container color (light green grey) satety evaluationof alternatives,and the physi-for refrigerants that are not produced in suffl- cal propertiesof ODSs and theiralternatives.
cient quantitiesto qualify for individual colors.
While color coding is not Intended as a substi-

I
"= I please see pages = o for ordering information 1|
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Speclflcatlons for Fluorocarbon Refrigerants, m
ARI Standard 700-1988, Alr-Conditlonlng and i
RefrigerationInstitute (ARI),Adlngton,VA, 1988 (12
pages with two tables and 1 appendix, available ==
from ARIfor $12.50, RDB3103) l

The intent of this standard isto define a level of
quality for new, reclaimed, and/or repackaged
refrigerants for use in new and existingrefriger- m
ation and air-conditioningproducts. Specified mm
contaminant levelswere chosento be withinthe
sensitivityof recommended test methods, to be
economically achievable, and to provide saris- m
factory performance. The standard does not i
apply where refrigerant capturedfrom a partic-
ularsystem isreturned on site to the same sys- m
tem. lt defines and classifies contaminants lbased on standardtest methods, lt also speci-
fies acceptable purity requirementsfor various
fluorocarbonrefrigerants,regardlessof source, m
These refrigerantsinclude R-11, R-12, R-13, R- I
22, R-113, R-114, R-500, R-502, and R-503. lt
addressesthe boilingpointand range as wellas
allowablecontent of vapor-_hase contaminants, IB
and water, chloride ion, acidity, high-boiling m
residues,particulatesand s311ds,and other re-
frigerants, lt Identifiesacc,,pted industry test
procedures for these determhations, i

m

I
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The Refrigerant Database is supportedin part by U.S. Departmentof Energy m
grant number DE-FG02-91CE23810, Materia/s Compatibility and Lubricant m
Research (MCLR) on CFC-Refrigerant Substitutes. Federal funding sup- m
portingthe MCLRprogram constitutes93.67% of allowablecosts. Funding
from nongovernment sources supporting this program consists of direct m
cost sharingof 6.33% of allowablecostsand in-kindcontributionsfrom the

m

air-conditioningand refrigerationindustry. Funding for the Refrigerant m
Database constituteslessthan 2% of the total and is supplementedby in- U
kind cost sharingby James M. Calm, EngineeringConsultant. Support of
the MCLR Programbythe U.S. Departmentof Energyand the air-condition- n
ing and refrigerationindustry does not constitute an endorsement of the

m

viewsexpressedherein, n
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