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PURPOSE

The Refrigerant Database consolidates and facilitates access to information to assist industry in
developing equipment using alternative refrigerants. The underlying purpose is to accelerate

phase out of chemical compounds of environmental concern.

CONTENTS

The database provides bibliographic citationsand abstractsfor publicationsthat may be useful
in research and design of air-conditioningand refrigerationequipment. The complete docu-
ments are not included, though some may be added at a laterdate.

The database identifiessources of specific informationon R-32, R-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 addresseslubricants
including alkylbenzene, polyalkyleneglycol,ester, and othersyntheticsas well as mineral oils.
lt also references documentsaddressing compatibilityof refrigerantsand lubricantswith met-
als, plastics, elastomers,motor insulation,andothermaterialsused in refrigerantcircuits.

Incomplete citationsor abstracts are provided for some documents. They are included to
accelerate availabilityof the informationandwillbe completed or replacedinfutureupdates.

LIMITATIONS

The RefrigerantDatabaseis intendedas a means to assist usersin locating sourcesof informa-

tion on alternativerefrigerants.But,the database is:

• neithera comprehensivenor authoritativereference source,

• not a substitutefor independent data collectionby users,

• not a substitutefor examinationof the data, informationon how they were arrived at,
assumptions,and caveatsinthe cited documents, and

• not an endorsementof suitabilityor accuracy of referencedpublications.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
¢mpioye, cs, makes any warranty, express or implied, or assumes any leg:l liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,

manufacturer, or otherwise dots not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors e_pressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof,

Pleaserefer questions or comments on this document to:

James M. Calm
Engineering Consultant
10887Woodleaf Lane
Great Falls, VA 22066-3003 USA

telephone: 703/450-4313
telefax: 703/450-4313

Glenr_C. Hourahan
Project Manager
Air-Conditioning and Refrigeration Technology Institute
4301 North Fairfax Drive,Suite 425
Arlington, VA 22203 USA

telephone: 703/524-8800
telefax: 703/ 528-3816

Neither James M. Calm, the Air-Conditioning and Refrigeration Technology Institute
(ARTI), nor any person acting on behalf of them: (a) makes any warranty, expressed or
implied, with respect to the accuracy, completeness, or usefulness of any information,
apparatus, material, method, or process disclosed in this document or that such use
may not infringe privately owned rights; or (b) assumes any liabilitieswith respect to use
of, or damages resulting from use of, any information, apparatus, material, method, or
process disclosed in this document. Reference herein to any specific commercial prod-
uct, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring.

+Aliproduct and brand names referenced by (TM) or (R)are trademarks or registered
trademarks, respectively, of their owners.
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INTRODUCTION

PURPOSE

The Refrigerant Database consolidates and facilitates access to information to assist industry in
developing equipment using alternative refrigerants. The underlying purpose is to accelerate
phase out of chemical compounds of environmental concern.

CONTENTS

The database provides bibliographic citations and abstracts for publications that may be useful
in research and design of air-conditioning and refrigeration equipment. The complete docu-
ments are not included, though some may be added at a later date.

The database identifies sources of specific information on R-32, R-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 zeotropic blends of these fluids, lt addresses lubricants
including alkylbenzene, polyalkylene glycol, ester, and other synthetics as well as mineral oils.
lt also references documents addressing compatibility of refrigerants and lubricants with met-
als, plastics, elastomers, motor insulation, and other materials used in refrigerant circuits.

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

accelerate availability of the information and will be completed or replaced in future updates.

LIMITATIONS

The Refrigerant Database is intended as a means to assist users in locating sources of informa-
tion on alternative refrigerants. But, the database is:

• neither a comprehensive nor authoritative reference source,

• not a substitute for independent data collection by users,

• not a substitute for examination of the data, information on how they were arrived at,
assumptions, and caveats in the cited documents, and

• not an endorsement of suitability or accuracy of referenced publications.
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Materials compatibility, p_operties, safety considerations, and other characteristics affecting
suitability or desirability may be influenced by a number of factors. Among them are specific
application conditions, preparation such as drying before use, additives including fillers, impuri-
ties, catalytic interactions with other materials used, and changes irl compounding between one
source or batch and another. Similarly, new findings or corrections may supersede previously

published data. The database is an aid in locating data that may be pertinent; it is not and
should not be viewed as the source of data for research, design, analysis, or other purposes.

MANUAL VERSION

A listing of the database contents is provided in this document. Citations are grouped under

the primary or first subject addressed, but are not cross-referenced under other topics. The
computerized version, therefore, is better suited to search for information by subject.

Documents added since the August 1992 release of the ART! Refrigerant Database are flagged
by a bar in the margin, as shown to the left. Users looking for new references, as well as added
or upc_atedabstracts, will need to review only the citations so indicated.

COMPUTERIZED VERSION

A companion version of this listing, in computerized form, also is available. The citations and
abstracts are the same in both, but the automated version includes retrieval software to help
users locate desired subjects. The computerized database provides a very fast and user-
friendly means to performs searches for information on specific refrigerants, lubricants, materi-
als, properties, topics, authors, or publications of interest. Individual words or combinations of

words - using Boolean logic through a simplified means of specification - may be used to re-
trieve desired references. Prior searches, within a session, may be recalled, narrowed, broad-
ened, or merged with other searches. The program includes prompts users for automatic
inclusion of selected synonyms and related terms. The program also provides means to print

selected citations and abstracts and to prepare lists of citations for ordering.

The prices for the computerized version of the database are indicated on page 6.

ADDITIONS

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,
by submitting the following:

• corrections to errors identified in the database,
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• copies of helpful papers - whether your own or written by others - for citation, and

• suggestions for improving the database.

Authors or those holding rights to published or unpublished works pertinent to the database are
invited - and encouraged - to authorize their reproduction and unrestricted distribution through
the database. Product literature normally is not included, but studies providing relevant infor-
mation, whether on proprietary or generic substances, will be considered.

_._ Please send your inputs to: James M. Calm
Engineering Consultant
10887Woodleaf Lane

Great Falls, VA 22066-3003 USA

Thank you for your help with and use of the database. Its objective is to accelerate phase out of
chemical compounds of environmental concern by sharing information needed to do so.
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OBTAINING DO(_UMENT$

With the exception of documents for which availability from an alternative source is indicated,
referenced publications should be ordered from the organization that published them. Many of
these documents also may be obtained from libraries, including the ESL (see below). An effort
will be made to secure permission for JMC to distribute additional documents, to facilitate ac-
cess to them, but compliance with copyright provisions precludes doing so until appropriate ar-
rangements are made. Reports from national laboratories and the Gas Research Institute may
be ordered from the NTIS; most other publications from the U.S. Government may be obtained
from the GPO. Addresses for several alternative sources follow:

ASHRAE Publication Sales call 1-404/636-8400 or fax
American Society of Heating, Refrigerating, 1-404/321-5478 to request
and Air-Conditioning Engineers publications catalog which

1791 Tullie Circle NE provides prices
Atlanta, GA 30329 USA

EPRI EPRI Distribution Center order catalog MD-7201 or
207 Coggins Drive call 1-510,/934-4212for
Post Office Box 23205 current pnces
Pleasant Hill, CA 94523 USA

ESL Document Delivery call 1-212/705-7606 or fax
Engineering Societies Library 1.212/486-1086 for current
345 East 47th Street prices
New York, NY 10017 USA

GPO Superintendent of Documents call 1-202/783-3238 for cur-
U.S. Government Printing Office rent prices
Washington, DC 20402 USA

IIR / ilF Institut International du Froid call 33-1/42.27.32.35 fax
177, Boulevard Malesherbes 33-1/47.63.17.98 for current
F-75017 Paris, France prices

JAR Japanese Association of Refrigeration call 81-3/3359-5231 or fax
Nippon Reito Kyokai 81-3/3359-5233 for current
4th Floor, San-ei Building, 8 San-ei-cho prices
Shinjuku-ku, Tokyo 160 Japan

JMC JamesM. Calm pricesandaddresson next
EngineeringConsultant page

NTIS National Technical Information Service call 1-703/487-4780 for cur-
U.S. Department of Commerce rent prices
5285 Port Royal Road
Springfield, VA 22161 USA

SAE Society of Automotive Engineers write for current prices
400 Commonwealth Drive
Warrendale, PA 15096-0001 USA

Q PLEASE REPRODUCE THIS FORM FOR USE WHEN NEEDED
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REFRIGERANT DATABASEORDER FORM (please reproduce as needed)

United Canada, other cost
quantity States Mexico foreign (US$)

REFRIGERANT DATABASE
computerized version: a,b x $120 $175 $190

circle preferred diskette size: 31/2"HDor 51/_"HD
database listing (report) a x $90 $125 $160

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

SALES TAXES subtotal:

(VA only) x 41/_%:

OPTIONAL "OVERNIGHT" DELIVERY 1 x $20.00 na na
+$3.00 for each 1-60 pages after
the first 30 for database documents x $3.00 na na

DEPOSIT ACCOUNT (forfut_a;sorders)

PREPAID TOTAL us $
, ,

a Pricedifferencesby countryreflectpostalcosts and preparationof customsform(s).
t) Subscriptionratesoutsidethe UnitedStatesalsoincludea $25 licensefee forthe retrievalsoftwareac-

companyingthe database.
c Pleaseincludedocument numbers,whichbeginwith RDB; a document listmay be printedwiththe

computerizedversionto simplifyordering.
d Chargesare basedon the page counts indicatedinthe database.

(onlyyournameand companyare requiredforcurrentdatabase
MAIL/SHIP TO subscribersunlesstheother informationhaschanged)"

name
title

department
company

address

city, state
postal code country

phone fax

Please mail completed form, list fordocument orders, and James M. Calm
payment (checks drawnon U.S. banksonly)to: Engineering Consultant

10887 Woodleaf Lane

Ali orders are subject to the terms on the reverse side. Great Falls, VA 22066-3003 USA

November 1992
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Order Form Explanations
Database Subscriptions: Subscribers to the Refrigerant Databas_ will r_ceive an initial release and
quarterlyupdatesthroughJanuary 1994 - a total of sixdistributions , new subscriptionsbeginningprior
to February1993.
Computerized Version: The computerizedversionis distributedon diskette,with an accompanying
Users' Manual, for use on IBM PC-compatiblesystems. Retrievalsoftware is suppliedwiththe database
and issubjectto anaccompanyinglicenseagreement.
Database Listing: The databasealso isavailableina noncomputerized(manual)version,in reportform.
lt providesthe same information,but lacksthe automatedsearch capabilityprovidedin the computerized
version.

Database Documents: Bothversionsidentifysourcesto obtaindocumentscited inthe database- cur-
rentlymore than 500 and projectedto exceed 1100 in the subscriptionperiod. Approximatelya third are
distributedthroughthe databaseand may beorderedat the ratesshownon the reverseside.
Shipping time: The majorityof documentand new database ordersare filledwithintwo-businessdays;
ali are sentwithinone week. Orders for overnight deliveryare shippedon the day received if possible.
Overnight de/ivery is by UPS Next Day Airor FederalExpressPriorityOvernightwhere providedat stan-
dard rates(deliveryis second day in remote locations). Deliveryis before 10:30 am on the next business
day in mostmetropolitanlocations. PleasespecifySaturaay de/ivery and add$12 ifdesired.
Deposit Accounts: Severalcompanieshave establishedaccountsto facilitateand expeditedocument
orderingbyauthorizedstaff. Accountsmaybe initiatedby paymentof not lessthan$200. Usersmay then
simply fax or mail document requests to be filled. Each shipmentwill includean updated statementof
transactionsand theaccount_lance. Accountsmay beclosedandthe balance refundedupon request.
Validity: The pricesshowna,,evalid throughMarch 1993and includepostage(air mailwithcustomsform
outside NorthAmerica).

Terms and Conditions
Business Identification: The RefrigerantDatabase Governing Law: Licensesto use the Refrigerant
has been developedand is administeredbyJames Databaseand relateddocumentpurchasesshallbe
M. Calm, EngineeringConsultant, hereinafter re- governedby lawsof the Commonwealthof Virginia.
ferredto as JMC. JMC is a sole proprietorship;So- Purpose and Disclaimer: The RefrigerantData-
cial Security Number 043406443 is used for tax base was establishedto facilitateaccess to infor-
identificationpurposes. JMC qualifiesas a small mationto accelerateuse of alternativerefrigerants,
businessunder federal classifications. JMC does to enable phaseout of chemicalsof environmental
not qualify as either a Socially and Economically concern. The informationcontained in the data-
DisadvantagedBusinessEnterpriseor a Women's base is not completeand hasnot been verified. Its
BusinessEnterprise;JMC is not located inan Eligi- suitability for specific uses has not been estab-
ble Labor SurplusArea. lished, and no representation is made to support
Compliance with Federal and State Regulations: reliance on it. Users must determine the appropri-
Requirements for compliance with applicable fed- ateness and adequacy of the data.
eral and state laws as well as affirmative action, Warranty: No warranties of accuracy, comprehen-
work place, and other programs are governed by siveness, merchantability, or fitness for any specific
the contract between JMC and the Air-Conditioning purpose are implied. No liability for special, inci-
and Refrigeration Technology Institute (ARTI) for dental, consequential, indirect, or similar damages;
Development and Administration of the Refrigerant indemnification; or obligation to defend users
Database (Contract 650-50000), awarded pursuant against claims of any kind is assumed by JMC
to U.S. Department of Energy (DOE) Grant number based on distribution or use of the database or doc-
DE-FGO2-91CE23810. The agreement specifically uments. The sole warranty offered is for provision
stipulates compliance with Executive Order 11246 of database releases and document copies prop-
on Equal Employment Opportunity, the Clean Air erly ordered, or refund of amounts paid therefor.
Act of 1970,and the Federal WaterPollution Act. lt Other Terms and Conditions: No terms and con-
includes provisions addressing National Security ditions (including but not limited to those address-
Information, accounting procedures, intellectual ing warranties, indemnification, insurance, inspec-
property, and eligibility. JMC voluntarily complies tion, records, confidentiality, or social or affirmative-
with the Environmental Protection Clause contained action programs) stipulated in purchase orders for
in 41 CFR §1-1.2303.2, Employment of the Handi- the database, or documents from it, will apply.
capped Clause in 41 CFR §60-741, and Equal Op- Subscriber identities and addresses may be dis-
portunity Clause in 41 CFR §60-1.4. closed to ART_.

November 1992
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MATERIALS COMPATIBILITY weight changes. The lubricant immersionsat 60
and 100 °C (140 and 212 °F) for 14 days are
complete. Ali of the plasticswere affected by

R. C. Cavestri (Imagination Resources, Incorpo- the lubricants; mineral oil and alkylbenzene
rated), Compatibility of Refrigerants and Lubri- causedthe greatesteffect. Ambientimmersion
cants with Plastics, report DOE/CE/23810-3F, Air_ studiesare completefor nineof ten refrigerants
ConditioningandRefrigerationTechnologyInstitute at 60 °C (140 °F). Ali of the refrigerantshad
(ARTI),Arlington,VA, July 1992 (26 pages with 18 some impact, generally softening or weight
tables, available from JMC as RDB2807; type on change; hydrofluorocarbons(HFCs) have the
page A-1 is smalland may bedifficultto read) least impact. The report documents severalcombinationsthat failed at ambient conditions

This interimreportsummarizesprogressto pro- or are likely to fail at elevated temperatures.
vide compatibility information on engineering Test plansfor subsequentwork, includingcreep
plasticswith alternative refrigerantsand suitable ruptL_retests, are outlined.
lubricants. Two tables provide the molding
specifications,moldingconditions,and physical R. C ::;_.vestri(Imagination Resources, Incorpo-
propertiesof 23 plastic materials. They include rated), Co=_tpatibilityof Refrigerants and Lubri-
ABS resin (GE Cycolac(R) GPM4700), acetal cants with Plastics, Proceedings oft he 1992Inter-
resin (Du Pont Delrin(R)11-11500),liquidcrystal national Refrigeretion Conference - Energy Effi.
polymer (LCP,Amoco XydarMG450), nylon6/6 c/ency and New Refrigerants, edited by D. R. Tree
(Du Pont Zytel(R)101), phenolic(ChemicalEngi- and J. E. Braun,PurdueUniversity,West Lafayette,
neers Plenco 04485 and Hooker Durez 153), IN, volume2, page 689, July 1992 (1 page, avail-
polyarylsulfide (Amoco Radel A-200), polyphe- ablefrom JMC as RDB2816)
nylene sulfide(PPS, GE Supec(TM)G401), poly-
butylene terephthalate (PBT, GE Valox(R) This synopsisoutlines the objectives and ap-
325PBT), polyethyleneterephthalate (PET, Du proach for a studyto provide compatibilityin-
Pont Rynite(R) 530, polycarbonate resin (GE formationon engineeringplasticswith alterna-
Lexan(R)161), polyetherimide(GEUltem(R)1000 tire refrigerantsand suitable lubricants. The
and CRS5001), polyetherketone(PEK,BASFUI- plastics,refrigerants,and lubricantsto be tested
trapek), polyetheretherketone(PEEK, ICIVictrex are identified. [see RDB2A12 for further infor-
PEEK 450G), polyamide-imide(Amoco Torlon mation]
4301 and 4203L), polyimide(Du Pont Vespel(R)
DF and DF-ISO),polyphenyleneether (PPE,GE R.C. Cavestri (Imagination Resources, Incorpo-
Noryl(R)731), polyphthalamide(AmocoAmodel rated), Compatibility of Refrigerants and Lubri-
AD-IOOOHS), polypropylene (Himont Profax cants with Plastics, reportDOE/CE/23810-2F, Air-
6331NW), polytetrafluoroethylene (PTFE, Du Conditioningand RefrigerationTechnologyInstitute
Pont Teflon(R)), and polwinylidene chloride (ARTI), Arlington,VA, April 1992 (12 pages with 5
(Atochem Kynar720). Seventables summarize figures,availablefromJMC as RDB2420)
the changes for immersions in lubricants, in- This interimrel:_rt summarizesprogressto pro-
cluding BVA R015, alkylbenzene(ShrieveZerol vide compatibility informationon engineering
150),a pentaerythritolestermixedacid (ICI Em- plasticswith alternativerefrigerantsand suitable
karate(R) RI.244), a pent_, erythritol ester lubricants. The status of test-specimen pro-
branched acid (Emery 2927a ISO 32), a poly- curement and preparationis outlined. The re-
propylene glycol butyl monoether (ICl Eta- port also addressesexperimentalmethodsand
karox(R) VG32), a polypropylene glycol diol modificationsto test proceduresfor the planned
(Dow P425), and a modified polyglycol(Allied- work. Solubilityplotsare includedfor R-22, R-
Signal BRL-150). Nine tables summarize 32, R-134a,and R-152aat 20 and 60 °C (68 and
changes followingexposuresto R-22, R-32, R- 140 °F) in polyolester (EXP-0621 iSO 32); both
123, R-124, R-134, R-134a, R-142b, R-143a,and refrigerant-lubricantviscosity and refrigerant
R-152a. Observationsof particulates,cracking, concentration are shown. The solubilitydata
crazing, softening,and color change are pre- are needed to maintain the refrigerant con-
sented. Quantitativedata are provided for di- centratlon inthetest apparatusthat will be used.
mensional (length, width, and thickness) and The plasticsthatwill be tested includepolyimide

please see pages 4-8 for ordering information I
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(Du Pont Vespel(R_DF and DF-ISO), tetrafluo- Du Pont Mylar(R)MO, Du Pont Nomex(R)410,
roethylene (TFE, Du Pont Teflon(R)),BASF UI- Du Pont Nomex(R)Mica 418, and ICI Melinex(R)
trapek,VictrexPEEK 45G 300, RadelA-200, Du 228). Weightchangeis tabulated for Insulations
Pont Delrin(R)II 11500, acetal resin (Du Pont Sales Nomex(R),Mylar(R),and Nomex-Mylar(R)
Rynite(R) 530), Du Pont Zytel(R) 101, poly- spiral-wrapp_'dsleevinginsulation. Changes in
carbonateresin (GE Lexan(R)161),GE Noryl(R) weightand _,_tectricstrengthare presentedfor
731, polyetherimide (GE Ultem(R)1000), ABS A.O. Smith Dacron-Mylar-Dacron(R)and Da-
resin(GECycolac(R) GPM4700), polyphenylene cron-Teflon-Dacron(R)lead wire insulations.
sulfide (PPS, GE Supec(TM)G401), Kynar 720, Weightand breakingload changesare supplied
Xydar MG350, polyamide-imide (Todon 4301 for woven glass tape (Carolina Narrow), heat
and 4203L), Plenco 04485, polybutylene shrinkablebraided polyester tape (Electrolock),
terephthalate(PBT, GE Valox(R)325), and Pro- glass-acrylictape (Essex Permacel P247), and
fax 6331 NW. These plasticswillbe tested with polyestertie cord (LudlowTextiles). A finaltable
R-22, R-32, R-123, R-124, R-125, R-134a, R- comparesgas chromatographicanalysesof the
142b, R-143a, R-152a, and E-134. [see RDB- refrigerantsbefore and after 500 hr exposures.
2807for update] The report concludes that R-123 exhibited

higherabsorptionand extractionthan the other
R. G. Doerr and S. Kujak (The Trane Company), refrigerantstested. The most severe effect of
Compatibility of Refrigerants and Lubricants refrigerantson motor materialswas caused by
with Motor Materials, report DOE/CE/23810-4B, highabsorptionfollowed by rapid desorptionat
Air-Conditioningand RefrigerationTechnology In- higher temperatures. R-22 caused the most
stitute (ARTI), Arlington, VA, October 1992 (36 damagein thiscase; based on the excellentre-
pages with 43 tables,availablefrom JMC as RDB- liabilityhistoryof this refrigerantwith many of
2B01) the materialstested,compatibilitywiththe other

This interimreport summarizesprogressto pro- refrigerants is highly probable. Final judge-
vide compatibilityinformationfor motor materi- ments should be postponed until studies are
als (for hermetic compressors) in refrigerants completedfor the refrigerant-lubricantmixtures.
and refrigerant-lubricantcombinations.Tabular
findingsar_ reported for exposuresto R-22, R- R.G. Doerr, R. H. Ernst, F. Howard, S. Kujak, D.
123, R-1_ _ 134, R-134a, R-142b, and R-152a Lambert, R. Schafer, and D. Steinke (The Trane
at 90 °C ,__F); to R-32, R-125,and R-143aat Company),Compatibility of Refrigerants and Lu-
60 °C (140 r); and to nitrogen(R-728) at both bricantswith Motor Materials, Proceedings of the
temperatures,as a reference. Testsof dielectric 1992 International Refrigeration Conference - En-

ergy Efficiency and New Refrigerants, edited by D.strength,burnout resistance,and bond strength
have not been completed yet for R-134; future R. Tree and J. E. Braun, Purdue University,WestLafayette,IN, volume2, pages 691-692, July 1992
tests are planned for R-245ca. Data are pro- (2 pages,availablefrom JMC as RDB2817)vided bothafter500 hour exposuresand aftera
subsequentair bake for 24 hoursat 150 °C (302 This synopsisoutlines the objectives and ap-
°F), to remove absorbed refrigerant. Bond proach for a study to provide compatibilityin-
strength, burnout resistance, and dielectric formationon 24 representativemotor materials
strengthare comparedto the unexposedvalues with 11 refrigerantsand 17 refrigerant-lubricant
for three magnet wires, bothuncoated and pre- combinations.The materials(includingmagnet
pared with six varnishes. The wire specimens wires, varnishes, sheet insulation, slot liners,
included an ester base with amide-imide over- phase separators, insulation, tapes, and tie
coat (Phelps Dodge Armored Poly-Thermaleze cords), refrigerants,and lubricantsto be tested
2000), Dacron(R)/glass served wire (Phelps are identified. [see RDB2B01for further infor-
Dodge Armored Poly-Thermaleze Dagiass mation]
2000), and ester-imideovercoatedwith amide-
imide (PhelpsDodge / SchenectadyChemical). R.G. Doerr and S. Kujak (The Trane Company),
The varnishestested include two solventepox- Compatibility of Refrigerants and Lubricants
ies (Stealing(R)U-475 EH and P. D. George923), with Motor Materials, report DOE/CE/23810-3D,
a solventepoxy phenolic(Stealing(R)Y-390 PG), Air-Conditioningand RefrigerationTechnology In-
93% solids epoxy (Steding(R)ER-610), and stitute (ARTI), Arlington,VA, July 1992 (20 pages
100% solidsVPI epoxy (Sterling(R)Y-833), and with43 tables,availablefrom JMC as RDB2804)

water-borne epoxy (Schenectady Isopoxy(R) This interimreport summarizesprogressto pro-
800). Weight change also is reported for ex- vide compatibilityinformationfor motor mated-
poseddisksof the sixvarnishes.Weight,tensile als (for hermetic compressors) in refrigerants
strength,elongation, and dielectric strengthare and refrigerant-lubricantcombinations. Tabular
compared to unexposed values for six sheet findings are reported for exposures at 90 °C
insulations (Westinghouse Nomex-Mylar-No- (194 °F) to R-22, R-123, and R-134a and to ni-
mex(R),WestinghouseDacron-Mylar-Dacron(R),
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trogen at 127 °C (260 °F). Data are provided R.G. Doerr, S. Kujak,and R. Schafer (The Trane
bothafter 500 hour exposuresand after a sub- Company),Compatibility of Refrigerants and Lu-
sequentairbake for 24 hoursat 150 °C (302 °F), bricarrts with Motor Materials, report DOE/CE
to drive off absorbed refrigerant. Dielectric 23810-2D,Air-Conditioningand RefrigerationTech-
strength, burnout time, bond strength, and nologyInstitute(ARTI),Arlington,VA, 13 April1992
qualitativeflexibilityare comparedto the unex- (11 pages with 7 tables, available from JMC as
posed values for three magnet wires. The RDB2418)
specimens included six varnishesand an un- This interim report introduces a project, and
coated specimen for magnet wire with an summarizesproceduralsteps, to providecom-
amide-imide overcoat (Phelps Dodge Armored patibility information for 24 motor materials (for
Poly-Thermaleze 2000), Daglass served wire hermetic compressors)in 11 refrigerants and 17
(Phelps Dodge Armored Poly-Thermaleze Da- refrigerant-lubricant combinations. The report
glass 2000), and ester-imide overcoated with summarizes progress to procure necessary
amide-imide (Phelps Dodge / Schenectady materials and equipment, prepare test speci-
Chemical). Weigilt change also is reported for mens, analyze the refrigerants and lubricants to
six exposed varnish disks. The varnishes tested be used, test the thermal stability of the refriger-
includetwo solvent epoxies (Stealing(R)U-475 ant-lubricant systemsat 127 °C (260 °F), and
EH and P. D. George 923), a solventepoxy phe- prepare for data collectionand analysis. The
nolic (Stealing(n)Y-390 PG), 93% solidsepoxy magnet wires obtained for evaluation include
(Sterling(R)ER-610), and 100% solidsVPI epoxy modified polyester overcoated with polyamide
(Sterling(R) Y-833), and water-borne epoxy imide, modified polyester overcoated with pr_.
(Schenectady Isopoxy(R)800). Flexibility of the amide imide and epoxy saturated glass, al;,3
varnish is suggested as important, due to the polyester imide overcoated with polyamide
tendency of the end turns of motor windings to imide. The varnishes tested include two solvent
move in startup and operation of motors. The epoxies (Sterling(R)U-475 EH and P. D. George
enamel could be removed from the wire by 923), a solvent epoxy phenolic (Sterling(R)Y-390
flexing, due to low flexibility of some varnishes PG), 93% solids epoxy (Sterling(R)ER-610),and
and strong bonding to the insulation. Prelimi- 100% solids VPI epoxy (Sterling(R)Y-833), and
nary observations are presented on the role of water-borne epoxy (Schenectady Isopoxy 800).
refrigerant absorption and desorption when Sheet insulation, slot liner, and phase separator
heated. Rapid desorption could result in struc- materials include Nomex-Mylar-Nomex(R), Dac-
tural breakdown of varnishesand other materi- ron-Mylar-Dacron(R),Du Pont Mylar(R)MO, Du
als. Tensilestrength,weightchange, and elon- Pont Nomex(R)410, Nomex(R) Mica 418, and
gation are comparedto the unexposedvalues Melinex(R)228. Sleevinginsulationsto be tested
for sixsheetinsulationsincludingWestinghouse are Nomex(R), Du Pont Mylar(R),and Nomex-
Nomex-Mylar-Nomex(R)WestinghouseDacron- Mylar(R). Leadwire insulationsincludeDacron-
Mylar-Dacron(R),Du PontMylar(R)MO, Du Pont Mylar-Dacron(R) and Dacron-Teflon-Mylar-
Nomex(R)410, Du PontNomex(R)Mica418, and Dacron(R). Heatcleaned glass, heat shrinkable
ICI Melinex(R)228. Weightchangecomparisons braided polyester, and Permacel P247 glass-
are tabulated for InsulationsSales Nomex(R), acrylictapes as wellas polyestertie cordsalso
Mylar(R),and Nomex-Mylar(R)sleevingmateri- will be examined. The refrigerantsto be tested
als. Heat degradation of polyethylenetereph- will includeR-22, R-32, R-123, R-124, R-125,R-
thalate (PET) insulation was observed, espe- 134a, R-142b, R-143a, and R-152a; efforts are
cially with residual moisture and butyl cellosolve underway to obtain E-134 and identify an HFC
evolved from Isopoxy(R)800 varnish. Changes alternative for R-11. Moisture and purity data
in weight and dielectric strength are presented are provided for the refrigeran';s received. The
for A. O. Smith Dacron-Mylar.Dacron(R) and lubricants to be tested include a mineral oil
Dacron-Teflon-Dacron(R) lead wm_ insulation. (Suniso 3GS), an alkylbenzene (Zerol 150), and
Weightand breaking load change_:",,._resupplied two polyakyleneglycols (PAGs), namely a meal-
for Carolina Narrow woven glass tape, Elec- ified polyglycol (Allied-SignalBRL-150) and a
troiock heat shrinkablebraided polyestertape, polypropyleneglycol diel (Dow P425). Three
Essex Permacel P247 glass-acrylictape, and esters will be tested, namely a polypropylene
LudlowTextiles polyestertie cord. HCFC re- glycol butyl monoether (ICI Emkarox(R)VG32),
frigerants,and R-22in particular,appearto have a penta erythritol ester branched acid (Emery
a greatereffect than HFCs on motor materials. 2927 ISO 32), and a pentaerythritolestermixed
Basedon historicalreliabilityof motorswith R- acid (ICi Emkarate(R)RL244). [see RDB2804
22, reliableuse is anticipatedwith HFCs. The andRDB2B01for updates]
project is progressing on schedule and test
completion is projected by the end of 1992. H.L. Emmons, Latest Technology for Hermetic
[seeRDB2B01for update] Motor Insulation Testing - Psrt 2, Magnet Wire

please see pages 4-6 for ordering information I



Page 10 Refrigerant Database

Overload, Insulation, pages 57-61, September resistedswellingin ali refrigerantsand lubricants
1967 (RDB2510) tested. R-143a, the least acidic of the refriger-

ants tested, gave the least swelling overall.
G. R. Hamedand R. H. Seiple(Universityof Akron), Some compositionsshrunk,suggestingthat the
Compatibility of Refrigerants and Lubricants swellantwas removinga component,probably
with Elastomers, report DOE/CE/23810-4C, Air- plasticizer,from the elastomer. Completionis
Conditioningand RefrigerationTechnologyInstitute expected inJanuary1993.
(ARTI), Adington, VA, October 1992 (148 pages
with 17 figuresand 95 tables includingaddendum G.R. Hamed and R. H. Seiple (Universityof Akron),
1, availablefrom JMCas RDB2A12) Compatibility of Refrigerants and Lubricants

This interim report summarizesswell measure- with Elastomers, report DOE/CE/23810-3E, Air-
ments for 95 elastomers in refrigerants and Conditioningand RefrigerationTechnologyInstitute
lubricants. Swell behaviorwas determined us- (ARTI),Arlington,VA, July 1992 (102pages with 31

figuresand 60 tables,availablefrom JMC as RDB-
ing weight and in situ diameter measurements 2805)
for the refrigerantsand diameterand thickness
measurementsfor the lubricants. The refriger- This interimreport summarizesswell measure-
ants include both hydrochlorofiuorocarbons ments for approximately half of the 94 elas-
(HCFCs R-22, R-123, R-124, and R-142b) and tomers being tested in refrigerantsand lubri-
hydrofluorocarbons(HFCs R-32, R-125, R-134, cants. Swell behavior was determined using
R-134a, R-143a,R-152a). The lubricantsinclude weightand in situ diameter measurementsfor
a mineral oil (Witco Suniso3GS), alkylbenzene the refrigerants and diameter and thickness
(Shrieve Zerol(R)150), and three polyalkylene measurementsfor the lubricants. The refriger-
glycols (PAGs),namely a polypropyleneglycol ants include both hydrochlorofluorocarbons
butylmonoether(ICI Emkarox(R)RL244),a poly- (HCFCs R-22, R-123, R-124, and R-142b) and
propyleneglycol diol (Dow P425), and a modi- hydrofluorocarbons(HFCs R-32, R-125, R-134,
fled polyglycol (Allied-SignalBRL-150). Two R-134a,R-143a, R-152a). The lubricantsinclude
polyol ester (POE) lubricantsalso are included, an unidentifiedmineral oil, alkylbenzene,three
namely a penta erythritol ester branched acid polyalkylene glycols (PAGs: a polypropylene
(Emery 2927-A) and a penta erythritol ester glycol butyl monoether, a polypropylene glycol
mixed acid (ICI Emkarate(R)RL244). Appropri- diol, and a modified polyglycol), and both a
ately cured elastomers, encompassing both branched acid and a mixed acid penta erythritol
general purpose and specialty rubbers, were ester (PE). Appropriately cured elastomers, en-
tested. Gum and black-filled compounds were compassing both general purpose and specialty
included, as were some thermoplastic elas- rubbers, were tested. Gum and black-filled
tomers (TPEs). A series of figures summarize compounds were tested, as were some ther-
the diameter changes. Swell data also are tab- moplastic elastomers (TPEs). Compositions
ulated, for exposures of 1, 3, and 14 days; containing carbon black had reduced swelling
weight change is tabulated after 14 days. The compared to their unfilled counterparts. Among
elastomers tested include polyisoprene, neo- the HCFCs, R-123 generally resulted in the
prene, butyl, bromobutyl, SBR/styrene, nitrile, highest swelling, although an EPDM/PP TPE,
hydrogenated nitrile, fluoroelastomer, fluoro/ butyl rubber/PP TPE, and a fiber-filled neoprene
chloroelastomer, epichlorohydrin (homopoly- were quite resistant to it. Some compositions
mer, ethylene oxide copolymer, and terpoly- shrunk, suggesting that the swellant was re-
mers), dimethyl silicone rubber, methylphenylvi- moving a component, probably plasticizer, from
nylsilozane rubber, silicone rubber, fluorosili- the elastomer. Ali the HFCs resulted in sub-
cone, EPDM/PP/TPE, nitrUe/PP/TPR, chloro- stantially lower swelling than the HCFCs. R-
sulfonated polyethylene, ethylene/propylene 143a, the least acidic of the refrigerants tested,
copolymer (EPM), ethylene/acrylic elastomer, gave the least swelling overall. A series of fig-
chlorinated polyethylene, EPDM, butyl rubber, ures summarize the diameter changes. Swell
chloroprene, and ACN compound. The test data also are tabulated, for exposures of 1, 3,
methodology and apparatus are described in an and 14days; weight change is tabulated after 14
appendix. The report indicates that filled com- days. The elastomers tested include polyiso-
positions swelled less than corresponding un- prene, neoprene, butyl, bromobutyl, SBR/sty-
filled ones in ali cases. R-123 generally resulted rene, nitrile, hydrogenated nitrile, fluoroelas-
in the greatest swelling, but EPDM/PP/TPE, tomer, fluoro/chloroelastomer, epichlorohydrin
butyl rubber/PP TPE, and several vendor-sup- (homopolymer, ethylene oxide copolymer, and
plied compositions swelled little in this refriger- terpolymers), dimethyl silicone rubber, methyl-
ant. R-134 and R-134a caused much less phenylvinylsilozane rubber, silicone rubber,
swelling in general, with the exception of with fluorosilicone, EPDM/PP/TPE, nitrile/PP/TPR,
fluoroelastomers and fluorosilicone elastomers, chlorosulfonated PE, ethylene/propylene copol-
Some vendor compositions are identified that
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ymer (EPM), ethylene/acrylicelastomer,chlori- H.M. Parmelee (E. I. du Pont de Nemours and
natedPE, EPDM, butylrubber,chloroprene,and Company), Sealed-Tube Stability Tests on Re-
ACN compound. [see RDB2806 for supple- frigeration Materials, paper 1924, Transactions,
mentaldata and RDB2A12for update] AmericanSocietyof Heating,Refrigerating,and Air-

Conditioning Engineers (ASHRAE), Atlanta, GA,
G. R. Hamed and R.H. Seiple (Universityof Akron), volume 71, part 1, pages 154-161 and 167-168,
Compatibility of Refrigerants and Lubricants January1965 (10 pages with 29 tables,RDBO013)
with Elastomers - Supplement, supplement to This paper summarizesan investigationintothe
report DOE/CE/23810-3E, Air-Conditioningand stabilityof fluorocarbonrefrigerantsaloneand in
RefrigerationTechnologyInstitute(ARTI),Arlington, the presence of oils, metals, nonmetalliccom-
VA,July 1992 (144 pages with 135figuresand 2 ta- ponentsof refrigerationsystems,and residual
bles,availablefromJMC as RDB2806) cleaningand degreasingagents, lt is basedon

This supplement provides gas chromatograms sealed-tubestabilitytests, performed at elevated
and results for the refrigerant specimens, FTIR temperatures, for periods as long as three
data (infrared absorbance) for the refrigerants years. Results are reported for R-11, R-12, R-
and lubricants, and thermogravimetric analyses 13B1, R-22, R-113, R-114, R-115, R-124, R-216,
(TGA) and oscillating disk rheometer (ODR) R-C318,R-500, and R-502. The testing included
plots for the elastomers tested. See RDB2805 examination of decomposition products,
for further information, specifically including the fraction converted into

other refrigerants. The metals tested included
G. R.Hamed and R. H. Seiple (University of Akron), aluminum, brass, cadmium, copper, iron, lead,
Compatibility of Refrigerants and Lubricants magnesium, mercury, steel, and zinc. The ef-
with Elastomers, report DOE/CE/23810-2E, Air- fects of selected additives and inhibitors,in-
Conditioningand RefrigerationTechnologyInstitute cluding phenyl alpha naphthylamine,molybde-
(ARTI),Arlington,VA, April1992 (16 pageswith 11 hum disulfide,and tricresyl phosphate (TCP),
figures and 1 table, availablefrom JMC as RDB- alsowere examined. The paper concludesthat
2419) the life of a system should be longer if made

This interim report introduces a project, and chemicallysimpler,because everyadded mate-
summarizesprocedural steps,to providecom- rial providesa possibilityof increased chemical
patibilityinformationfor approximately94 elas- reactions.

tomeric materialsinten refrigerantsand suitable R.H. Seipleand G R. Hamed (Universityof Akron)lubricants. In situ swell (diameterchange) as ' '
well as weight and volume changes following Compatibility of Refrigerants and Lubricantswith Elastomers, Proceedings of the 1992 Inter.
immersionwill be measured. Propertychanges national Refrigeration Conference - Energy Efr#will be determinedfor selected elastomersin a
subsequentphase. The report summarizesel- ciency and New Refrigerants, edited by D. R.Tree
fortsto obtainand preparetestspecimens. Os- and J. E. Braun,Purdue University,West Lafayette,IN, volume2, pages 687-688, July 1992 (2 pages,
cillating disk rheometer (ODR) plots are pro-
vided for 11 compoundsincludingthree formu- availablefrom JMC as RDB2815)
lationsof polyisoprene,two of neoprene,two of This synopsisoutlines the objectivesand ap-
SBR 1502,and four of EPDM. Moisturecontent proachfor a studyto provideinformationon the
measurementsare reported for samplesof Dow compatibilityand change of propertiesfor 84
P425, ICI Emkarate(R) RL244, Witco Suniso elastomers,used as seals,and hosesin refrig-
3GS, Emery 2927 ISO 32, ShrieveZerol, and ICI erationsystems. The materialsto be tested, re-
Emkarox(R)VG32 lubricants. The moisture lev- frigerants, lubricants,and methods are identi-
els found were higher than expected. [see fled. [see RDB2A12forfurther information]
RDB2A12for update]

H. O. Spauschus (Spauschus Associates, Incorpo-
J. P. Harrington and R.J. Ward, Polyester Film In- rated), Compatibility Requirements for CFC AI-
sulation for Hermetic Motors, ASHRAE Journal, ternatives, International Journal of Refrigeration,
American Society of Heating, Refrigerating,and Air- Paris, France, volume 13, number 3, March 1990,
Conditioning Engineers (ASHRAE), Atlanta, GA, pages73-78 (6pages, RDBl101)

volume 1, number 4, pages 75 rf, April 1959 (RDB- This paper reviews the materials compatibility
2302) and fluid property information required for de-

sign and successful commercial application of
S. Nishizaki and A. Muramoto, Evaluation of Her- air-conditioning and refrigeration equipment.
metic Motor Insulation Systems, Proceedings of Informationon alternative refrigerants, including
the Ninth E/ectrica/Insulation Conference, Boston, the leading candidates, future prospects,and
MA, pages 250-253, 1969(RDB2918) long-termpossibilities,are summarized. Meth-

I please see pages 4-6 for ordering information I
- I I
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ods of predictingcompatibility based on struc- R-22
rural informationand modeling are proposed.

J. P. Hurtgen, R-22 Blister Testing of Magnet
W. O. Walker, S. Rosen,and S. L. Levy,Stabilityof Wire, Proceedings of the Tenth Electrical Insula-
Mixtures of Refrigerants and Refrigerating Oils, tion Conference, Chicago, IL, pages 183-185, 1971
ASHRAEJournal American Societyof Heating,Re- (RDB2917)
frigerating,and Air-ConditioningEngineers (ASH-
RAE), Atlanta,GA, volume4, number8, pages 59- H.O. Spauschusand G. C. Doderer (GeneralElec-
72, August1961 (RDB2323) tric Company), Chemical Reactions of Refriger-

ant 22, Transactions, AmericanSocietyof Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE),Atlanta, GA, volume 71, part I, pages

R-12 162rf, 1965 (RDB2327)

A. Factor and P. M. Miranda (General Electric
Company), An Investigation of the Mechanism of
the R12-OiI-Steel Reaction, Wear, Elsevier Se- R-123
quoia, Lausanne,Switzerland, volume 150, pages
41-58, 1991 (18 pageswith 3 figuresand 12 tables, R.G. Doerr (The Trane Company), Absorption of
RDB2309) HCFC-123 and CFC-11 by Epoxy Motor Varnish,

A studyof chemical interactionsbetweenR-12, paper 3621 (AnnualMeeting, Baltimore, MD, June
hydrocarbonlubricatingoils, and steel is sum- 1992; previouslypresentedat Annual Meeting, In-
marized. WhileR-12 is quite stablethermally,it dianapolis,IN, June 1991), Transactions, American
decomposesrapidlywhen heated above 150°C Society of Heating, Refrigerating,and Air-Condi-
(300 °C) inthe presenceof oilsand metals,such tioning Engineers (ASHRAE), Atlanta, GA, volume
as iron or aluminum. Sealed-tube tests were 98, part 2, in publication(8 pages with 9 figures,
performed for 3 days at 200 °C (392 °F), usinga RDB2606)
naphthenicmineraloil (Suniso3GS), to simulate This papersummarizesa studyto determinethe
conditionsinan operatinghermeticrefrigeration parameters that influence absorption of R-11
compressor. The mechanism of the deg- and R-123by varnishesandthe effect ofthe ab-
radation reaction was explored by testing the sorbed refrigerantson chemical and physical
effect of the presence of various probe and properties. These varnisheshold motor wind-
model compounds. The paper reviews prior ingstogether andact as secondaryelectrical in-
studies, presents the experimental approach, sulation, filling in voids created during the
and summarizesthe subsequentanalyses, lt winding process. Interest in the subject stems
identifiesthe additives, free radical initiators, from observationsthat.motor varnishescan ab-
and inhibitorsused to explore reactionsand to sorb considerableamounts of R-123 with vary-
passivate steel surfaces. The results of gas ing effects. Theeffectsof cyclicand continuous
chromatography and GPC analyses are tabu- exposures at high temperature and pressure,
lated. The resultsindicate that except for for- relativerates of absorptionand desorption,ex-
mationof some FeCI.,3 and R-22, free radical re- istenceof an equilibriumabsorptionvalue, and
actionsdo notappearto play a major role. The effectsof temperatureon the rate of absorption
preponderance of the data indicatesthat Frie- and the equilibriumare discussed. The experi-
del-Craftsreactions,especiallyalkylation,playa mental procedure, based on weightgain during
key role in the decomposition, thermal aging followed by drying, is outlined.

Four varnishes were tested; they are identified
D. E. Kvalnes and H. M. Parmelee, Behavior of as a recently introduced solventless type, a
Freon-12 and Freon-22 in Sealed Tube Tests, common solvent-based type, a 100% solids
Refrigerating Engineering, American Society of type, anda water-borneepoxy. The paper con-
RefrigeratingEngineers (ASRE, now merged into cludesthat absorptionis thesame for cyclic and
theAmerican Society of Heating,Refrigerating,and continuous exposures, that desorption is ex-
Air-Conditioning Engineers, ASHRAE), Atlanta, GA, tremely slowto nonexistent at 21 °C (70 °F), and -_-
volume 65, number 11, pages 4 rf, November 1957; that full desorption would require in excess of
republished as bulletin 25, E. I. du Pont de 1000 hours at 121 °C (250 °F). lt also notes that
Nemours and Company, Incorporated, Wilmington, absorption increases until an equilibrium is es-
DE (RDB2322) tablished; while the rate differs widely for dif-

ferent varnishes, the rate is more rapid at higher
temperatures. The equilibrium value is linearly
dependent on temperature, with greater ab-
sorption at lower temperatures, for R-123, but
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relatively independent of temperature for R-11. (ASHRAE), Atlanta, GA, March 1989 - ongoing
The paper outlines two key implications for (ASH0602)
compatibility testing: 1) Low temperature and This project will determine the moisture solubil-
pressure may be a more severe environment for ity of R..123and R-134a. Measurements will be
materials than high temperature and pressure, made in the range of -23 to 66 °C (-10 to 150 °F)
and 2) tests must be continued long enough to for the liquid phase and at a single temperature
be certain that equilibrium is reached at lower in the vapor phase. The data are needed to
temperatures, determine the corrosion characteristics of these

refrigerants. The contractor is the University of
[R-]123 Refrigerant Analyses, report NIST-1, Alabama, led by J. S. Thrasher; the project is
Chemistry Laboratory, The Trane Company, La sponsored by ASHRAE Technical Committee
Crosse,WI, 14 March 1988 (1 page with 1 table, 3.3, Contaminant Control in Refrigerating Sys-
availablefrom JMC as R_B0022) terns.

A table compares the chemical purityof R-123
samples, from Allied-Signal and Du Pont Motor Insulations in R-123 and R-134a, Carrier
Chemicals,with distilledR-11. Resultsare tab- Corporation, Syracuse, NY, September 1989 (2
ulatedfor chloride-ioncontent,high boilingtem- pages with 2 figures,availablefrom JMC as RDB-
perature impurities, neutralizationvalue, mois- 0015)
ture content, and organic purity determined by Two charts show the effects of R-123 and R-
gas chromatography. The moisturecontent in 134a on cured motor insulations. XV-572, XV-
the R-123 samples was higher than expected, 587, water-borne epoxy (Schenectady Iso-
but notjudged to besignificant, poxy(R)800), solventepoxy (Sterling(R)U-475),

and polyester (Dolphon)varnisheswere tested
HCFC-123 Refrigerant Analyses, report NIST-9, for weight change, percent extractables, and
Chemistry Laboratory, The Trane Company, La Shore D hardnessloss. Quantitativedata, after
Crosse, WI, 24 November 1988 (1 page with 1 aging for ten days at 93 °C (200 °F) for R-123
table, availablefrom JMC as RDB0030) and at 38 °C (100°F) for R-134a,are given.

A table compares the purity of new, used, and
distilled-usedspecimens of R-123. No change Plastic Immersion Tests in Fluorocarbon-123,
from new R-123 was found by gas chromatog- report NIST-7, E. I. du Pont de Nemoursand Com-
raphy after use in model CVHE hermetic cen- pany, Incorporated, Wilmington, DE, undated (5
trffugal chillers. Quantitative resultsare com- pages with 2 tables, availablefrom JMC as RDB-
pared for moisture content and high-boiling 0303)
residue. The high-boiling residues increased Resultsof compatibilitytests are presented for
from 6 to 1591 ppm in use, but dropped to 1 13 plastics,after immersionfor four hoursat 24
ppm after redistillation. Moisturecontent de- °C (75 °F) and afterthermal-agingfor 100 hours
creased from36 to 21 ppm, but increasedto 31 at 54 °C (130 °F) inR-123. The plasticsincluded
ppm after redistillation, linear polyethylene(Aiathon 7050), polypropy-

lene (Alathon 9140), cast methylmethacrylate
Decomposition Rates of R-II and R-123, Carrier resin (Lucite), nylon (Du Pont Zytel(R) 101),
Corporation, Syracuse, NY, September 1989 (3 tetrafluoroethylene(TFE, Du PontTeflon(R)type
pages with 3 figures,availablefrom JMC as RDB- 1), polycarbonate resin (GE Lexan(R)), ABS
0019) polymer (Kralastic), polystyrene (Styron(TM)

The fraction of R-123 that decomposes in solu- 475), epoxy (G-10-3675),ethyl cellulose,acetal
tion with alkylbenzene lubricantafter 14 days is resin(DuPont Delrin(R)500X), polyvinylalcohol,
plotted as a functionof temperature. Lessthan and unplasticizedpolyvinylchloride. Quanti-
1% decompositionwas measuredat 82 and 121 tative data are presented for length change,
°C (180 and 250 °F), but this increasedto 6.2% weight change, and for percent extractables.
at 177 °C (350 °F). Decomposition of R-11and The appearancesof the plasticand liquidR-123
R-123 after 4 and 14 days, respectively,at 121 are described. The linear polyethylene, nylon,
°C (250°F) iscompared for mixturesof 5% lubri- epoxy, acetal, and polyvinyl chloride plastics
cant by weight. One alkylbenzene (Zerol 300) testedwerejudgedto becompatible with R-123.
and four mineral oils (Mobil DTE Heavy Medi-
um, Mobil DTE 26, Rando HD-68, and Suniso Elastomer immersion Tests for Fluorocarbon-
4GS) were tested. 123, technical report NIST-8, Freon(R) Products

Laboratory, E. I. du Pont de Nemours and Com-
Moisture Solubility in R-123 and R-134a, re- pany, Incorporated, Wilmington, DE, undated (5
search project 602-RP,American Society of Heat- pages with 2 tables, availablefrom JMC as RDB-
ing, Refrigerating,and Air-ConditioningEngineers 0304)

please see pages 4-6 for ordering information 1



Page 14 Refrigerant Database

Results are summarized for immersion tests of Metal Corrosion Tests with [HC]FC-123 and Dis-
13 elastomers in R-123 for up to sevendays at tilled Water, report NIST-10, E. I. du Pont de
75 and 130 °F (24 and 54 °C). Quantitativere- Nemoursand Company, Incorporated,Wilmington,
suits of the linear-swelltests are provided, in- DE, undated (5 pages with 2 tables,availablefrom
cludingintermediateand finalchanges in length JMC as RDB0306)
and weight as well as the fraction of extrac- Compatibilityresultsof R-123 and distilledwater
tables. Qualitativechanges in appearance and with cold-rolledsteel 1020, stainlesssteel 304,
physicalpropertiesof the elastomersand in the nickel, monel, copper, aluminum2S, zinc, and
appearance of the liquid are tabulated. The magnesiumalloy FS-1 are reported for dry and
tested elastomers were two urethane rubbers wet conditions. Resultsare tabulatedat the liq-
(Adiprene(R)C and Adiprene(R)L), a hydrocar- ujd boiling point after exposure for 100 hours
bon rubber (Nordel(R)),a fluoroelastomer(Du andafter 100 daysat 55 °C (130 °F). Decompo-
Pont Viton(R) A), a silicone rubber (General sitionof the R-123, metal corrosion rates, and
Electric SE-361), a nitrilesiliconerubber (NSR- the appearancesof the liquidand metalare pre-
X5602), a syntheticrubber (Du Pont Hypalon(R) sented. R-123 was judged suitablewith ali of
40), natural rubber, polysulfiderubber (Thio- the metals under dry-test conditions, but suit-
kol(R)FA), Buna(TM)N, Buna(TM)S, chloroprene able only with the stainlesssteel after lO0-day
(neoprene W), and ButyI(TM). Of those tested, wet exposure. Additionally, only the stainless
only Thiokol(R) FA appears suitable for use and steel, nickel, and monel showed no corrosion
prolonged contact with R-123. after the lO0-day wet-exposure test.

Polymer/Elastomer Performance in R-123 and Material Compatibility of Alternative Refriger-
R-134a, Carrier Corporation, Syracuse, NY, ants: Usability/Compatibility of R-123 Received
September1989 (4 pages with 3 figures,available from Refrigerant Suppliers, report NIST-2, Chem-
fromJMC as RDB0018) istry Laboratory,The Trane Company, La Crosse,

Two graphs compare swell for polymers and WI, 15 April 1988 (2 pages with 1 table, available
elastomersin R-11 and R-123 at room temper- fromJMC as RDB0023)

ature and at 93 °C (200 °F). The materialsin- This report of chemical analysesaddressesthe
clude a nitrile copolymer, fluoroela_tomer(Du compatibilityof R-123 samples from Allied-Sig-
Pont Viton(R)A), isoprene (neoprel_.e),nylon, nal and Du Pont Chemicalswith red neoprene
phosphazene (Eypei-F), polytetrafluoroethylene 2337 elastomer material. Test rings were ex-
(PTFE, Gylon), polyolefin (Alcryn), polypropy- posed to R-123 in both vapor and liquid phases
lene, olefinic thermoplastic (Geolast(R)), and for 168 hours at 77 °C (170 °F) using Trane
polyester thermoplastic (Du Pont Hytrel(R)). R- Standard Test Method 3.7-04. Control samples
123produced much greater swelling than did R- were similarlyexposed to R-11. Cross-sectional
11. Quantitative values are given for swell and diameter, volume swell, and durometer hard-
extractables of elastomeric materials in R-134a ness are tabulated before and after exposures.
at 93 °C (200 °F) for ten days. These materials Some extraction of processing and/or base oils
include Gylon, neoprene, nitrile,nylon 6/6, poly- was observed with ali three refrigerant samples.
propylene,and Du PontViton(R)A No precipitationof waxlike materials,cracks, or

blisterswere evident in any of the refrigerants.
Summary of Physical Property, Solubility, and The increasesin diameter and volume and de-
Compatibility Data for [HC]FC-123, report NIST-9, creasesindurometerhardnesswere lowerin R-
E. I. (:iuPont de Nemours and Company, Incor- 123 than in R-11. The differencesbetween re-
porated, Wilmington, DE, undated (11 pages with 3 suits from the two R-123 sampleswere minor.
figures and 4 tables, available from JMC as RDB-
0305) Material Compatibility of Alternative Refriger-

Liquid density, vapor pressure, viscosity, sur- ants: Usability/Compatibility of R-123 Received
face tension, and Kauri-butanolnumber are pro- from Refrigerant Suppliers, report NIST-3, Chem-
vided for R-123. The solubilityof water and istry Laboratory,The Trane Company, La Crosse,
various substances in R-123 also are given. WI, 15 April1988 (4 pages with 2 tables, available
Additionally,the report qualitativelysummarizes fromJMC as RDBO024)
compatibilitytestswith variousmagnetwirevar- Swell tests of elastomericcompounds in R-11
nishes,includingAlkanexterephthalatepolyes- and R-123 at 77 °C (170 °F) for 72 hoursare re-
ter, enamel oleoresin, Ensolex acrylic, epoxy, ported. The elastomersincludedyellow nitrile
Anavar isocyanate-modified polyvinyl, Lecton 7507, red neoprene2337, and green neoprene
acrylic, Nylclad nylon-coated polyvinyl, poly- 2167. Quantitativedata are presentedfor vol-
imide,polyurethane,and Formvarpolyvinyl, ume swell, cross-sectionaldiameter, and duro-

meterhardness. Nitrileswelled 400-600%more
in R-123 than in R-11. The neoprenesamples
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exposed to R-123 exhibited less or comparable tober 1988 (1 page, available from JMC as RDB-
swelling to those exposed to R-11. 0027)

Results are qualitatively summarized for com-
Material Compatibility of Alternative Refriger- pression and flexibility tests of Reinz chloro-
ants: Usability/Compatibility of R-123 Received prene sheet gasket materialexposed to R-123.
from Refrigerant Suppliers with Elastomer Mate- The exposureswerefor 24 hour at 25 °C (77 °F)
rials, report NIST-4, Chemistry Laboratory, The and at 100 °C (212 °F). Ali samples (hot and
Trane Company, La Crosse, WI, 10 May 1988 (3 cold) failed when folded before reachinga 1800pages with 2 tables, availablefrom JMC as RDB-
0025) angle.

Swelland durometertestdata are tabulated for Material Compatibility of Alternative Refrigerant
yellow nitrile 7507, red neoprene 2337, and 123: Physical Properties of O-Rings for AppU-
green neoprene 2167 test rings exposed to cability in Alternative Refrigerant 123and Refrig-
50/50 mixturesof R-11and R-123with250 SUS erant 11, report NIST-7, ChemistryLaboratory,The
white oil. The tests were repeatedfor separate Trane Company, La Crosse, WI, 27 October 1988
samples of R-123 from Allied-Signaland Du (2 pages with2 tables,availablefrom JMC as RDB-
Pont Chemicals. Samples were aged in stain- 0028)

lesssteeltest vesselsfor 3 days (72 hours)at 77 The tensilestrength,elongation,and fluid resis-
°C (170 °F). Cross-sectionaldiameter, volume tance of neoprene2347 (size 222) o-ringswere
swell,and durometer hardnesswere measured tested. Measured values were compared for
both before and after exposures, for both the materialsas received, after heat aging in air for
vapor and liquid phases of the refrigerants,and 168 hr at 100 °C (212 °F), and after thermal ag-
compared. The hardnessmeasurementswere ingat the same conditionsin ASTM #3 oil, 250
repeated after 2-3 days of drying to allow off- SUS whiteoil, R-11,and R-123. Heat aging was
gasing, performed and fluid resistancewas measuredin

accordance with ASTM D573 and D471, re-
Material Compatibility of Alternative Refriger- spectively. The tabulated data indicate lessants: Compatibility of R-123 Received from Re-
frigerant Suppliers with Proposed Elastomer changefor R-123thanfor R-11, and that the de-crease in tensilestrength and elongationfor R-
Materials, report NIST-5, Chemistry Laboratory, 123 is similar to that after immersionin ASTM
TheTraneCompany, La Crosse,WI, 6 June 1988 (2 #3 oil.
pages with 1 table, available from JMC as RDB-

0026) Material Compatibility of Alternative Refrigerant
Measurementsof we_i_t volume, density, di- 123: Elastomer Chemistry of and Specifications
mensions, and durome[,, hardness are re- for Chloroprene, report NIST-8, Chemistry Labo-
ported for polysulfiderubbe_(Morton Thiokol(R) ratory, The Trane Company, La Crosse, WI, 10
ST). Data are compared beforeandafter expo- November 1988 (2 pages with 1 table, available
suresto both the vapor and liquidphasesof R- from JMC as RDB0029)

123. Agingwas peff,-_rmedin stainlesssteeltest This document compares the elastomerchem-
vesselsfor 3 days (72 hours)at 77 °C (170 °F). istry of chloroprene rubber for use in R-123.
The tabulated data summarize measurements The formulations tested included 2337 (red dot),
for tests in the refrigerant alone and in a 50/50 2167 (green dot), and 2347 (new compound) o-
mixture with 250 SUS white oil. The tests were rings as well as 2167 (green dot) cord ring.
repeated for separate samples of R-123 from AI- Chemical properties obtained from infrared
lied-Signal and Du Pont Chemicals. Data for spectra, volumetric swell, and durometer hard-
exposures to the Allied-Signal R-123 refrigerant hess were compared as received, after heat
without lubricant were lost, due to an experi- aging in air for 168 hr at 100 °C (212 °F), and
mental problem, and were not remeasured. The after thermal aging at the same conditions in
document concludes that this rubber formula- ASTM #3 oil, 250 SUS white oil, and R-123 va-
tion would not be acceptable as an elastomer por. Tests also were performed after immersion
for use in a R-123 environment, but it does not in R-11 liquid, R-11 vapor, and R-123 liquid for
rule out use of other polysulfide rubbers. The neoprene 2347. The resulting data are tabu-
test data suggest that this rubber compound is lated.
affected more severely by 100% R-123 than by

the mixture of R-123 and lubricant. Teflex O-Rings, Size 214, Sealmore Industries,
report NIST-10, Chemistry Laboratory, The Trane

Material Compatibility of Alternative Refrigerant Company, La Crosse,WI, 27 January 1989(1 page
123:Short Term Suitability of Chloroprene Sheet with 1 table,availablefromJMC as RDB0031)
Gasket Material, report NIST-6, Chemistry Labo-
ratory, The Trane Company, La Crosse,WI, 70c-

please see pages 4-6 for ordering information J
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A table comparesthe swell propertiesof Teflex Viton O-Ring and Cord Ring Swell Data in Both
o-ringsin R-11, R-123, and in 250 SUS white oil R-11 and HCFC-123, report NIST-14, Chemistry
with each refrigerantin a 50% refrigerantmix- Laboratory,The TraneCompany,La Crosse,WI, 13
ture. Quantitativeresultsare presentedafter a September 1989 (1 page with 1 table, available
70-hourexposureat 77 °C (170 °F). The R-123 fromJMC as RDBO035)
samplesexhibiteda volumechange three-times Comparisonsare presentedfor immersionof Du
higher than those of the R-11 samples. How- PontViton(R)o-ringsand cord rings in R-11and
ever, the o-ring density changes were compa- R-123. Data are tabulated for 70-hour expo-
rablefor the R-11and R-123 refrigerant-lubricant suresat 77 °C (170 °F). The volume change of
mixtures, the Viton(R)materialsin R-123 was foundto be

HCFC-123 Compatibility with Teflex NPG V-214 approximatelythreetimesthatfor R-11.

O-Rings Covered with High Density Teflon, re- H.B. Ginder, Compatibility Test - 15# Carbon
port NIST-11, Chemistry Laboratory, The Trane Bursting Disk (2.5"), York InternationalCorpora-
Company, La Crosse,WI, 16 March 1989 (1 page, tion, York, PA, July 1989 (1 page, availablefrom
availablefrom JMC as RDBO032) JMC as RDBO011)

Resultsof swelltestingtetrafluoroethylene(TFE, A 64 mm (2_h'') carbon burstingdisk was im-
Du Pont Teflon(R))coated Du Pont Viton(R)O- mersed in R-123 at room temperature for 16
rings in R-123 at 100 °C (212 °F) are reported, days. Subsequenttestingfor leaks and poros-
The Teflon(R)coating was permeated, causing ity, using R-22, indicated that the disk did not
the Viton(R)core to swell. Testingstoppedafter developleaks.
72 hoursdueto o-ringfailure.

Stability of CFC-11 and HCFC-123, report NIST- H. BoGinder,Compatibility Test- O.Rings, Gas-ket, Oil Filter, Etc.. York InternationalCorporation,
12, ChemistryLaboratory,The Trane Company, La York, PA, July 1989 (1 page with 1 table, available
Crosse, WI, 17 April 1989 (3 pages with 1 table, from JMCas RDBO009)
availablefrom JMC as RDBO033)

A table summarizesthe swellingof variousma-
Sealed-tubetest resultsare compared for R-11 terialsimmersed in R-123 and R-11. The mate-
and R-123 after exposure to 250 SUS white rials include elastomeric (Du Pont Viton(R),
mineral oil and metallic catalysts (aluminum, Buna(TM)N, and neoprene) o-rings,a Buna(TM)
copper, and steel). Qualitativeand quantitative N bushing,and componentsof a Kaydonoil-line
decompositioneffects are presentedafter 168 filter (cork and Buna(TM)N gaskets, pleated
hours at 100 °C (212 °F), 121 °C (250 °F), and paper, and adhesive). Quantitativeresultsare
150 °C (302 °F). The thermalstabilityof R-123 presentedafter a two week exposure at room
and oilwas judged to be greaterthan the ther- temperaturein a mixtureof 90% refrigerantand
malstabilityof R-11andoil. 10% naphthenicoil. The R-123 test samples

swelled considerablymore than the R-11 sam-
Evaluation of Epoxy Varnish Materials for Alter- pies, The Buna(TM)N bushingswelled79% in R-
native Refrigerant HCFC-123, report NIST-13, 123, as compared to 7.1% in R-11. The docu-
Chemistry Laboratory, The Trane Company, La ment concludes that Buna(TM)N formulations
Crosse,WI, 25 August1989 (9 pageswith8 tables, are not too compatiblewith R-123, but that Vi-
availablefromJMC as RDBO034) ton(R)and neoprene appear to be acceptable.

This report presents measured and observed Compatibilityconcerns also are cited for the
findingsfor sealed-tubetestsvarnishesusedas gasketsand adhesiveinthe oilfilter.
insulationfor motors in hermetic compressors.
Resultsare tabulated before and after thermal T.P. Gross,Compatibility Test - Green-Colored
aging in air, R-11, and R-123 for Stealing(R)364, Viton O-Ring, York InternationalCorporation,York,
water-borne epoxy (Schenectady Isopoxy(R) PA,July 1989 (1 page,availablefrom JMC as RDB-
800), Schenectady 8620, Epoxylite 477, and 0012)
solvent epoxy (P. D. George 923) varnishes. Swelldata are presentedfor green-coloredfluo-
The exposureswere made at 121°C (250 °F) for roelastomeric (Du Pont Viton(R)o-rings) im-
168 hours(1 week). Changesto the pre-expo- mersed in R-123 and R-11 for three week at
sure conditions are reported immediatelyafter room temperature. The o-rings showed initial
exposuresand after drying for differentperiods, linearswellof 19.8%in R-123,which changedto
depending on the material. A final table sum-. 4.4% after drying overnight. Samplesexposed
marizes extraction measurementson the var- to R-11 showedinitiallinearswellof 3.0%. The
nishesafter exposures. The preparatorycuring elastomers exhibited no significant loss in
conditions for the samples also are doc- physicalpr°perties ineitherfluid'umented.
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T. P. Gross, Compatibility Test- Loctite Sealants Sealed-Tube Stability Test Results: Alternative
(Pipe Sealant with Teflon, Grade AV), York Inter- Refrigerants, Carrier Corporation, Syracuse, NY,
nationalCorporation,York, PA, July 1989 (1 page, September 1989 (1 page with 1 table, available
availablefrom JMC as RDBO010) fromJMC as RDBO020)

Two Loctite(R)compounds(pipesealantwith Du A table summarizesthe decompositionfraction
Pont Teflon(R)and Grade AV) were applied to of R-11, R-12, R-123, and R-134a with Suniso
threaded fittings and tested with liquid R-123. 3GS and MobilDTE 26 mineraloilsand withZe-
The report indicatesthat the two compounds rol 150 and Zerol 300 alkylbenzene lubricants.
tested appear to be compatible with R-123, No decomposition was detected for R-134a;
based on a seven-dayperiod of exposure and some R-12 decomposed into R-22. R-123 de-
curing. The test procedure and curing consid- composed lessthan R-11for alifourlubricants.
erationsfor sealantsarediscussed.

UL 984 Tests with R-123 and Oils, CarrierCorpo-
Compatibility of Alternative Refrigerants with ration,Syracuse,NY (1 page with 1 table, available
Elastomers, report NIST-11, E. I. du Pont de Ne- fromJMC as RDBO016)
mours and Company, Incorporated, Wilmington, A table summarizesmodified UL 984 tests of
DE, undated (3 pages availablefrom JMC as RDB- motor materialsaged at 82 °C (180 °F) for 60
0307) days. Control resultsare compared to those

This report summarizesan investigationto de- after separate exposures to R-11 and R-123
termine the compatibility of two elastomers, mixed with 5% Mobil DTE 26 mineral oil, Zerol
NeopreneW and Buna(TM)N, withR-123 and R- 150alkylbenzeneoil, and RandoHD-68. Insula-
124. Swelldata are tabulatedafter immersions tion failures (1 ma current leakage to ground
for 1 hourand 1, 2, and 3 days at roomtemper- after 1 minute at 1.5 kV) and breakdownvolt-
ature. Qualitativeobservationson discoloration agesare reported. Resultsare summarizedfor
of the refrigerantalsoare reported. Based on a polyester-imide magnet wire, Dacron-Valox(R)
criterion of swell substantiallyexceeding 10%, lead wire, Du Pont Teflon(R)wire sleeving, Du
both elastomers were deemed incompatible Pont Mylar(R)end cap, Mylar-Dacron(R)ther-
with R-123 and Buna(TM)N was judged incom- mosleeve, Mylar(R)and Melinex(R)slot liners,
patiblewith R-124. The experimentalprocedure and Mylar(R)and Melinex(R)phase separators.
isoutlined. Breakdownvoltagesof 2.7-17.0 kV, but no cur-

rent leakagefailures,are indicated.
Mutual Solubilities of Water with Fluorocarbons
and Fluorocarbon-Hydrate Formation, report Refrigerant Breakdown Voltage, BuffaloResearch
NIST-12, E. I. du Pont de Nemoursand Company, Laboratory,Allied-SignalIncorporated,Buffalo,NY,

I Incorporated, Wilmington,DE, undated (16 pages 1 May 1990 (1 page with 1 table, available from
with 4 figuresand 7 tables, availablefrom JMC as JMC as RDB0512)

I RDBO308-witl_4_ne-missk:_j-page) Refrigerant breakdown voltages, as determined
Test procedures and results are described for by ASTM D-2477-84, are tabulated for R-11, R-
an investigationof the mutualsolubilityof water 12, R-22, R-123,and R-134aat 21 °C (70 °F) and
and of solid hydrate formationwith R-123, R- 93 °C (200°F).
124, and R-125. Measuredand calculatedsolu-
bility data are tabulated in the temperature
rangeof 77-167°C (171-333°F) for R-123and R-
124and 77-138 °C (171-280 °F) for R-125. Re- R-124
gression equations and plots of the data are
provided to compare the data to prior mea-
surementsfor R-22, R-113, and an unidentified P.R. Reed (Du Pont Chemicals) and H. O.
fluid. Solubilitycoefficientsare plottedfor these Spauschus (SpauschusAssociates, Incorporated),
fluorocarbonsin water for 0-120 °C (30-250 °F) HCFC-124 Applications and Properties: Com-
at saturated vapor pressure conditions. The parisons with CFC=114, presentationcharts pre-pared by SpauschusAssociates,Incorporated, for
fraction of fluorocarbon by weight in water are E.I. du Pont de Nemoursand Company, Incorpo-
similarlypresentedand plotted at saturated va- rated, Wilmington, DE, undated (22 pages with 9
pot and atmospheric pressures. The results figuresand 1 table, available from JMC as RDB-coupled with those of earlier work indicatethat
R-125, R-134a, R-142b, and R-152a form solid 1206)
water hydrates, but that R-123 and R-124 do The stability,miscibility,and lubricity of R-124
not. The document discusses implicationsof are compared to those of R-114. Qualitative
the findings on specifications for water content data are presented for sealed-tube tests with
in the refrigerants examined, metals (copper and steel) and unspecified 300

SUS mineral oils (paraffinic and naphthenic) and

please see pages 4-6 for ordering information
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with an alk_benzene lubricant after 14 days at cants, seminarpresentationat the ASHRAEAnnual
175 °C (350 °F). The effects of high moisture Meeting, (St. Louis, MO), ICI Americas In-
content and of lubricant additives on refrigerant corporated, New Castle, DE, USA, 12 June 1990
stability also are discussed. Alkylbenzene lubri- (30 pages with 23 charts, RDB2523)
cants were judged to be the most suitable for
use with R-124. P.D. Guy, G. Tompsett (ICI Chemicals and Poly-

mers, Limited), and T. W. Dekleva (ICI Americas,
Incorporated), Compatibilities of Nonmetallic
Materials with R-134a and Alternative Lubricants
in Refrigeration Systems, paperAN-92-5-4 (Winter

R-134a Meeting, Anaheim, CA, January 1992), Transac-
tions, American Society of Heating, Refrigerating,

D. J. Bateman (Du Pont Chemicals), Current De- and Air-ConditioningEngineers(ASHRAE),Atlanta,
velopment Status of HFC-134a for Automotive GA, volume 98, part 1, pages 804-816, 1992 (13
Air Conditioning, paper 900213 (SAE International pageswith17 tables,RDB2104)
Congressand Exposition,Detroit, MI, 26 February-
2 March 1990), Society of Automotive Engineers This paper reviews the compatibility of non-
(SAE), Warrendale, PA, February 1990 (15 pages metallic materialswith R-134a and associated
with6 figuresand 11 tables,RDB2201) lubricants,basedon sealed-tubetestsaswellas

analyticalinvestigationsof compressorlife tests
A. P. Cohen, S. R. Dunne,and J. J. Seman, Des- and field evaluations. The test and analytical
iccants for Drying R-134a in Refrigeration Sye- methodsused also are reviewed. The materials
terns, UOP Research and Molecular Sieve Tech- addressed include ethylene propylene dimer
nology, Tarrytown, NY, April 1988 (16 pages with 8 monomer (EPDM) rubber, fluorinated polymer,
figures and 4 tables, available from JMC as RDB- natural rubber, nitrile rubber, nylon, and poly-
0003) ethylene terephthalate (PET). Data on weight,

volume, tensile-strength, and elongation change
This document summarizes tests of the effec- as well as on hardness are compared to those
tiveness, compatibility, and physical strength of for R-12 with naphthenic mineral cii. The paper
three Union Carbide Molecular Sievesfor use as notes that while an enormous amount of infor-
desiccants for R-134a. The molecular sieves mation has been developed by industry for
tested were 4A-XH-5 and 4A-XH-6, both com- compatibility of alternative refrigerants with as-
mercial products, as well as XH-7, a develop- sociated lubricants and materials, most of it has
mental item; ali three were tested as 8x12 mesh not been published.
beads. These desiccants were exposed to R-

134a and a polyalkylene glycol lubricant (Union J.G. Johnson, R-134a, R-123, and Mineral Oil
Carbide UCON LB-525) at 82 °C (180 °F) and Compatibility with Steel, Aluminum, and Cop
then tested for fluoride content, water capacity, per, SnyderGeneral Corporation, Staunton, VA, 4
crush strength, and attrition. Plots of fluoride September 1990 (4 pages with 1 figure and 1 table,
uptake and water-retention capacity, as func- available from JMC as RDB0902)
tions of equivalent exposure time, are provided
along with plots of water capacity, crush The chemical and thermal stability of R-123and
strength, and attrition versus fluoride content. R-134awith Suniso 4GS mineral oil in the pres-
Isotherms were generated for the three desic- ence of ferrous and nonferrous metals were
cants in R-134a. The document recommends compared to that of R-12 and R-500 under the
against use of 4A-XH-5, currently used for R-12 same conditions. Stability was gauged using
drying, with R-134a. lt suggests that the choice sealed-tube tests for 14 days at 175 °C (350 °F);
between the remaining types be based on the test results are compared by gas chromatogra-
cost versus required performance, especially phy, to identify decomposition products, and by
with respect to their relative strength character- visual analysis. The metals used for the tests
istics. Significant build-up of fluoride was de- were Sandvic valve steel, OFHC copper wire,
tected on the 4A-XH-5 molecular sieve, due to and aluminum 85 bearing material. R-134awas
chemical reaction between R-134a and the found to be superior to R-12 and R-500in stabU-
desiccant. Further information on a long-term ity and reactivity, but immediate decomposition
test of a 4A-XH-6 sample addressed is provided was evident for R-123.
in document RDB0309.

E. D. Lawler, HFC-134a and Mineral Oil Materials
S. Corr, P. D. Guy, R. D. Gregson,N. M. Sammes, Compatibility with Hermetic Motor Insulation
G. Tompsett (ICI Chemicals and Polymers, Lira- System for McQuay PEH048/050 Centrifugal
ited), and T. W. Dekleva (ICI Americas, Incorpo- Water Chillers, SnyderGeneralCorporation,Staun-
rated), Materials Compatibility and System Sta-
bility Studies with R-134a and Alternative Lubri-
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ton, VA, 29 August 1990 (2 pages with 4 tables, lene, and polyoxypropytene glycol) and polyol
available from JMC as RDB0901) o_ter (dibasic acid ester and neopentyl ester)

The compatibility of R-134a and mineral oils lubricants. The effects of R-134a on two mag-
(both naphthenic and paraffinic) with the her- net-wire insulations (polyester-imide and poly-
metic motor insulation materials used in cen- ester enamel overcoated with amide-imide), two
trifugal water chillers are examined. Baseline unidentified anaerobic adhesives, three elas-
tests were run with R-12 and naphthenic oil for tomeric o-rings (chloroprene, ethylene propy-
comparison purposes. Results are presented lene rubber, and nitrile), and a type 4A molecu-
for varnish bonding for amide-imide-polyester lar-sievedesiccant are addressed. Compressor
film and dielectric retention of copper magnet and refrigerator-freezer tests with R-134a and
wire with and without varnish treatment. Results selected lubricants are described.
also are summarized for retention of flexibility
for Du Pont Mylar(R),Du Pont Nomex(R),and H.O. Spauschus(SpauschusAssociates,Incorpo-
Dacron(R)-Mylar(R)-Dacron(R)sheet insulation, rated), HFC-134a as a Substitute Refrigerant for
as well as for dielectricretentionof flexible her- CFC-12, Status of CFCs - Refrigeration Systems
metic lead wire. The materialswere generally and Refrigerant Properties (proceedings of the
unaffected. One exceptionwasa weakeningof meetingsof IIR CommissionsBl, B2, El, and E2,
epoxy varnish in the presenceof R-134a and PurdueUniversity,West Lafayette,IN), International
naphthenicoil (reduced 13.5% compared to the Instituteof Refrigeration,Paris, France, pages397-
mixtureof R-12 and naphthenicoil). Flexibility 400, July 1988; republishedin/ntemationa/Jouma/
of film insulation was adequately maintained of Refrigeration, Paris,France, volume 13, number
and retaineddielectricwas acceptable. 11, November1988,pages389-392 (4 pages,RDB-

1102)

E. D. Lawter,Compatibility of Various Elastomers This paperdiscussescompressorand refrigera-
in Refrigerant HFC-134a with Several Lubricants, tion system requirementsand informationgaps
$nyderGeneralCorporation,Staunton,VA, 5 Sep- for R-134aapplications, lt summarizesthe rea-
tember 1990 (3 pages with3 tables,availablefrom sons R-134a is viewed as a leading candidate
JMC as RDB0903) for replacement of R-12. The paper reviews

Resultsof materialscompatibilitytestingof o- some of the basic propertiesof R-134a, includ-
ringswith R-134aand naphthenicmineraloil, al- ing stability, system chemistry, solubility,and
kylbenzene, and polyaikyleneglycol (PAG) Iu- lubricity. Additionalinformationthat is system-
bricantsare presented. The elastomersevalu- specificwill need to bedevelopedfor each ma-
ated were nitrile HSN, nitrile ASM 3215, and jor applica_;on:automotive,home appliance,or
neopreneASM 3209. Thermalagingtestswere centrifugalchillers.
conductedseparatelyfor the refrigerantand lu-
bricants and for refrigerant-lubricantmixtures. R.H.P. Thomasand H. T. Pham (Allied-Signal_n-
Changes are noted for hardness, tensile corporated), Evaluation of Environmentally A,;-

ceptable Refrigerant-Lubricant Mixtures for Re-
strength,elongation,andvolume. The property frigeration and Air Conditk_ning, paper 891967changes experienced by the elastomerswere
no greaterthan, and generallylessthan, those (PassengerCar Meeting, Dearborn,MI), Societyof
experienced when aged in the presence of el- AutomotiveEngineers,Warrenoale,PA, September
ther R-12 or R-22. Nitrile, however,appearsto 1989 (9 pageswith 6 tablesa;_d5 figuresas RDB-
shrink slightly when soaked in alkylbenzene. 0503)
The neoprene swelled slightlywhen subjected Laboratorydata on the compatibilityof R-134a
individuallyto either R-134a or the PAG, and with lubricantsand the compatibilityof the re-
there wasan unacceptableamountof shrinkage frigerant-lubricantmixtureswith elastomersand
when aged ina mixtureof R-134aand 5% PAG. other materialsare reviewed. Miscibilityof R-

134a in three polyglycols,a dihydroxyand two
K. S. Sanvordenker (Tecumseh Products Com- butyl-capped monhydroxy polyalkylene glycols
pany), Materials Compatibility of R-134a in Re- (PAGs), and solubility for R-134awith the first of
frigerant Systems, Transactions, volume 95, part these are discussed. Stability, dry and with
2; republished in ASHRAE Special Publication, moisture present, also is addressed by com-
CFCs: Time of Transition, American Society of paring copper plating at 149 °C (300 °F) for the
Heating, Refrigerating, and Air-Conditioning Engi- systems with R-134a and PAGs to R-12 with
neers (ASHRAE), Atlanta, GA, pages 211-216, Jan- mineral oil. Tests of fluoride-ion production in
uary 1989 (6 pages with 5 figures and 1 table, 20 sealed-tube tests, to determine the effects of air
page preprint available from JMC as RDBO001) and water, are presented. Hose permeability

Miscibility and pressure-temperature solubility with the refrigerant alone and with the refriger-
ant-lubricant mixtures, lubricity test using pin

diagrams are presented for R-134awith polyg- and v-block (Falex machine) tests, and swelllycol (butyl monoether, polyoxyethylene-propy-

l please see pages 4-6 for ordering information I
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tests with elastomers are described. The elas- pressors. The paper reviewsrelated studiesand
tomers tested include three nitriles, epichloro- summarizes both the experimental approach
hydrin, two neoprenes, a chlorosulfonated poly- and findings. Degradation was measured after
ethylene, and a chlorinated polyethylene. The thermal-aging in sealed tubes at 130, 150, and
basic finding is that the R-134a - PAG com- 175 °C (166, 302, and 347 °F) for 7, 14, and 28
bination is workat_e, days. The effects of drying the PET film and lu-

bricants were evaluated. Three polyalkylene
S. G. Sundaresan and W. R. Finkenstadt (Copeland glycols (PAGs) were studied including monol,
Corporation), Polyalkylene Glycol and Polyol diol, and end-capped (modified) polypropylene
ester Lubricant Candidates for Use with HFC- glycols. A penta erythritol (PE) ester and a
134a in RefrigerationCompressors, paper AN-92- blendof PAG-monoland PE-esteralso were in-
5-3 (Winter Meeting, Anaheim, CA, January 1992), vestigated. Ali five lubricantswere ISO 32 (150
Transactions, American Societyof Heating, Refrig- SUS) viscosityfor use with R-134a. The effects
erating,and Air-ConditioningEngineers(ASHRAE), of moisturecontent,temperature,and lubricant
Atlanta, GA, volume 98, part 1, pages 796-803, structure were examined. The results were
1992 (8 pages with 4 figures and 6 tables, RDB- compared to those of PET in R-12with mineral
2103) cii. The study confirmed earlier findingsthat

PET films must be dried, to less than 0.1%
This paper addressespolyalkyleneglycol (PAG) moisturecontent byweight,to minimizeembrit-and ester lubricants for use with R-134a in
refrigerationcompressors,with emphasison Iu- tlementby moisture. Residualwater inthe PET,
bricity and materialscompatibility. The PAGs in- even after drying, may exceee ten times that
clude diols (having two free hydroxyl groups), contributed by the lubricant and has a greater
monoethers (one hydroxyl group), and end- effect. The extent of embrittlement increases
capped PAGs (no free hydroxyl groups). The with the number of free hydroxyl groups in
esters include dibasic (DBE), penta erythritol PAGs, and neither the monoi nor diol was found
(PE), trimethylolpropane (TMP), and neopentyl to be acceptable. The end-capped PAG and
glycol (NPG). Properties of 17 PAG and 22 es- ester lubricants showed no adverse -eaction
ter candidates are presented along with misci- with dried PETfilm.
bility profiles for five of them. Sealed-tube test
results are tabulated for four lubricants with S.G. Sundaresan and W. R. Finkenstadt, Evalua-
metals (aluminum, stainless steel, and copper), tion of Polyalkylene Glycol Candidates with
magnet wire enamel, epoxy, PET film a_0dfiber, HFO-134a in Refrigeration Compressors, pre-
polyamide (nylon 6/6), polyimide, polyetherke- sentation charts (ASHRAE Annual Meeting, Van-

couver,BC, Canada, June 1989) CopelandCorpo-tone (PEK), chloroprene o-ring, and nonas-
bestos (nitrilebinder with clay silicatefiller)gas- ration,Sidney,OH, June 1989 (25 pageswith2 fig-
ket material. Hygroscopicityand wear from life uresand 7 tables,availablefrom JMC as RDB0529)
testing, in semihermetic reciprocating-piston Miscibility is shown for 55-100% R-134a with
compressors, are summarized. While the exact four unidentified polya_kyleneglycol (PAG) Iu-
cause-and-effectmechanismsleading to failure bricants(150-180SUS). Compatibilityof the re-
of a connecting rod in one test and wrist pin frigerant-polyglycolmixtureswith metals, motor
distress in others have not been established, materials, and structural polymers are qualita-
noticeable differences are reported for the sev- tively presented. The metals include copper,
eral lubricants. The results indicate that end- aluminum, and stainless steel. The motor mate-
capped PAGs and PEs are viable candidates, rials include two magnet-wire insulations (epoxy
Esters are preferred over PAGs for retrofit due coated and polyester enamel overcoated with
to their miscibility with hydrocarbon lubricants polyamide-imide), a polyethylene terephthalate
and compatibility with residual chlorine. (PET)slot liner, and an unspecified lead wire in-

sulation. The structural polymers include a
S. G. Sundaresan and W. R. Finkenstadt (Copeland chloroprene seal, nonasbestos gasket (nitrile
Corporation), Degradation of Polyethylene Ter- binder and clay silicatesas filler), nylon 6/6,
ephthaiate 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 pressor durability were quantitatively reported
Refrigeration, Paris,France,volume 14, number11, for test conditions of break-in, normal load,
November 1991, pages 317-320 (4 pages with 3 start/stop, high load, high compression ratio,
figures and 2 tables, RDB2202) and flooded start.

An investigation of polyethylene terephthalate
(PET)embrittlement mechanisms with lubricants Polygly¢ol Sealed-Tube Tests, Carrier Corpora-
is summarized. PET is widely used as an insu- tion, Syracuse, NY, September 1989 (1 page with 1
lating material in motors for hermetic com- table, available from JMC as RDB0021)
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A table compares tests of R-12and R-134awith Compatibility of Elastomers with HFC-134a,
two polyalkylene glycol (PAG) lubricants (Nip- document ARTD-5, E. I. du Pontde Nemours and
port RS680 and Glygoyle 11). No decomposi- Company, Incorporated, Wilmington, DE, 7 No-
tion was detected for R-134awith either oil. R- vember 1989 (16 pages, available from JMC as
12 decompositionwas reportedat 75-90% with RDB0538)
the two lubricants.

Compatibility of [H]FC-134a with Refrigeration
Elastomer Compatibility with HFC-134a: Ex- System Materials, report NIST-4, Freon(R)Prod-
perimental Details, report NIST-1, Freon(R)Prod- ucts Laboratory, E. I. du Pont de Nemours and
ucts Laboratory, E. I. du Pont de Nemours and Company, Incorporated, Wilmington, DE, 14 De-
Company, Incorporated,Wilmington,DE, undated cember 1976 (7 pages with3 tables,availablefrom
circa 1989 (2 pages with 2 tables, availablefrom JMC as RDB0534)
JMC as RDB0531)

Compatibility tests of elastomerswith R-134a The Compatibility of Polymeric / Elastomeric
and a naphthenicmineral oil (Suniso5GS) are Materials with "Klea"(TM)134a and Polyalkylene
summarized. Duplicate samples of two neo- Glycol (PAG) Based Lubricants, technical note 1,
prene W samples, National O-Ring and Parker, ICI Americas Incorporated,New Castle, DE, USA,
were exposedfor 18 days. Lengthsandweights August1990 (8 pages with5 tables,RDB2515)
were measured before exposure, immediately Test results are tabulated to summarize
after removal, and after storage in ambient air changes in weight, volume, length, thickness,
for an additional15 days. No color change or strength,elongationto break, and hardnessfor
particulate residuewere noted. Temporaryand polymericand elastomericmaterialsexposedto
final linear swelling by 4.43-5.76% and 3.07- refrigerantsand lubricantsfor 14 days. These
4.37% was measured. Weightchanges of -0.77 tests are based on immersionsat 130 °C (266
,'o + 1.86% were noted upon removal,but they °F) with 50 ppm water for R-12 and mineraloil
changed to -3.71%to -1.01%after drying, andat 85 °C (185 °F) with 200 ppmwater for R-

134awith Emkarox(R)RL68 PAG. The materials
Compatibility of Elastomers with HFC-134a at tested include chloroprene (chlorinatc_ iso-
About 25 °C, report NIST-2, Freon(R) Products prene, neoprene W), chlorinated rubber
Laboratory, E. I. du Pont de Nemours and Com- (neoprene),ethylenepropylenediene monomer
pany, Incorporated,WilmingtonDE, 17 July 1989 (EPDM), fluorinatedpropylenemonomer (FPM)
(15 pages with 13 tables, available from JMC as copolymer, FPM terpolymer, hydrogenatedni-
RDB0532) trile (HN) rubber N grade, HN rubberE grade,

A broad range of elastomers were tested to HN butyl rubber, HN green rubber, natural rub-
compare compatibility with R-134a to that with ber, nitrile butyl rubber (Buna(TM)N), butadiene-
R-12. The tests were performed at approxi- acrylonitrile copolymer (Buna(TM)N),nylon 6/6,
mately 25 °C (77 °F), for consistency with his- poly butylene terephthalate (PBT), PBT with
toric data. The influences of the refrigerant were 10% glass, polyether ether ketone (PEEK), poly
measured after immersion for 27 days and again ether sulfone (PES 75), polyethylene terephtha-

late (PET), polyimide 75 (ICI UpUex(R)R), poly-after 14 days of drying in air. Length, weight,
Shore A hardness, appearance and physical imide 50 (ICI Upilex(R) S), polyimide (Du Pont
propertiesare tabulated, the last based on qual- Kapton(R)),poly phenyl sulfone (PPS), and fluo-
itative observations for stretching, bending, rinated copolymer of vinylidene fluoride and
squeezing, and flexing. The elastomers tested hexafluoropropylene (Du Pont Viton(R)). Addi-
were Adiprene(R)L, Buna(TM)N, Buna(TM)S, Bu- tional data are provided for R-134a and four
tyl(TM) rubber, Du Pont Hypalon(R) 48, natural PAGs (Emkarox(R)RL) for EPDM, natural, and
rubber, neoprene W, Nordel(R), silicone, nitrile rubbers as well as for nylon, and Viton(R).
Thiokol(R) FA, and fluoroelastomer (Du Pont Vi- These lubricants include a monol PAG ISO 22
ton(R) A). For R-134a, Adiprene(R) L, Buna(TM) with 65 ppm water, modified PAG ISO 22 with
N, BUtyI(TM)rubber, Du Pont Hypalon(R) 48, 165 ppm water, modified PAG ISO 32 with 190
natural rubber, neoprene W, and Nordel(R)were ppm water, and modified PAG ISO 70 with 85
judged to be preferred 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.
Adiprene(R) L, Buna(Ta) N, and Du Pont Hy- The experimental approach is briefly outlined.

palon(R) 48 were preferred, and neoprene W, The Compatibility of Polymeric / ElastomericNordei(R),Thiokol(R)FA recommended, but not
at the preferredlevel. Buna(TM)S, silicone,and Materials with "Klea"(TM)134a and Ester Based
Du Pont Viton(R)A were not recommended for Lubricants, technical note2, ICI AmericasIncorpo-

rated, New Castle,DE, USA, August 1990 (6 pages
eitherR-12or R-134a. with4 tables,RDB2516)

' please see pages 4-6 for ordering information I
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Te._t results are tabulated to summarize cants to those for R-12 and mineral oil. The
changes in weight, volume, length, thickness, mechanisms are identifiedas copper dissolu-
strength,elongationto break, and hardnessfor tion, transport, and deposition. H;_jh occur-
polymericand elastomedcmaterialsexposed to rencetraditionallyhas been regardedas beinga
refrigerantsand lubricantsfor 14 days. These property of poorly refined oils (via their high
tests are based on immersionsat 130 °C (266 oleo-resin contents, which are rich in het-
°F) with 50 ppm water for R-12 and mineraloil eroatoms). The high heteroatom contents of
and with 180 ppm water for R-134a with estersand PAGs suggestsgreater inherentag-
Emkarate(R)RLE DE 184. The materialstested gressiontowardscopper and its alloys,leading
includechloroprene(chlorinatedisoprene,neo- to greaterdissolutionand a relativelyhighequi-
prene W), chlorinatedrubber (neoprene),ethy- libriumcopper contentin theoil. Thiswouldnot
lene propylenediene monomer (EPDM), fluori- in itselflead to higher copper platingin the ab-
nated propylene monomer (FPM) cor'_lymer, sence of an effectivedeposition route. Limited
FPM terpolymer, hydrogenatednitrile(i-_N)rub- experience and published reports of copper
ber N grade, HN rubber E grade, HN butylrub- plating are discussed. Whereas R-134a has
ber, HN green rubber, natural rubber, nitrile been shown to be chemically and thermally
butyl rubber (Buna(TM)N), butadiene-acryloni- more stablethan R-12 and does not reactwith
trile copolymer (Buna('rM)N), nylon 6/6, poly ester or PAGlubricants,no copper platingwas
butyiene terephthalate (PBT), PBT with 10% observed insealedtube tests. A numberof anti-
glass,potyetherether ketone(PEEK),polyether wear additivesfor syntheticlubricantsare cor-
sulfone (PES 75), polyethylene terephthalate ro,_ivetowardcopper, but noncorrosivealterna-
(PET), polyimide75 (ICI Upilex(R)_*_,r.,olyimide tires have been identified. Inhibitingthe disso-
50 (ICI Upitex(R)S), polyimide (Du Pont Kap- lution stage, rather than use of chelationcom-
ton(R)), poly phenyl sulfone (PPS), and fluo- poundsto sequesterthe copper once in solu-
rinated copo4ymerof vinylidene fluoride and tion, and thereby inhibitits deposition,appears
hexafluoropropylene(Du Pont Viton(R)). Addi- to be the most satisfactory approach. Well
tional data are provided for R-134a and knowncopper passivators,such as benzotria-
Emkarate(R)RLE DE 212 with 180ppm water for zole (BTA), benzothiazole (BTZ), and 2-mer-
EPDM, natural,and nitrilerubbersas wellas for captobenzothiazole(MBTZ) have been exam-
nylon,PBT, and Viton(R). The experimentalap- ined. To date, it has proved possibleto elimi-
proa_his brieflyoutlined, nate copperplating in systemsutilizingester lu-

bricants.
Compatibility of Nonmetallic Matet_ls with Re-
frigerants and Lubricants, ICl Chemicals and Disassembly and Inspection of Compressor in
Polymers Limited, Runcom, Cheshire, UK, 16 May Laboratory Refrigerator Charged with R-134a,
1989 (3 pages with I table, availablefrom JMC as report NIST-13, E. I. du Pont de Nemours and
RDBO004) Company, Incorporated, Wilmington, DE, undated

(40 pages with 50 figures and 3 tables, availableA ta_Jle summarizes the swell (dimensional
chancje)and weightgain of variouselastomeric from JMCas RDB0309)
and pl,_sticmaterialsimmersedin R-134a. The This reportdocumentsa detailedinspectionof a
materialsincluded Buna(Ta),Butyl(Ta),Du Pont hermetic compressor, operated for 8.7 years
Hypaiorl(R),NBR, Gadock neoprene,nitrile,ni- with R-134aand a polyalkyleneglycol(PAG)lu-
trile Dunlop, nylon, Oiliteand M229 rubber as- bricant,Union Carbide UCON LB-525. An un-
bestos, polyetheretherketone(PEEK), Pc_ypen- modified Frigidaire refrigerator was charged
co Nylatron, polytetrafluoroethylene(PTFE), with R-134a in November 1977, but the com-
ReinzThermolit K, terylene braid, and Du Pont pressorfaileda monthlater. The failureanalysis
Viton(R). Quantitativeresultsare presentedfor was not located, but the cause is believedto
refrigerant-lubricant mixtures with 10% poly- have been a manufacturingdefect. The com-
alkyteneglycol (PAG); the lubricants,rangingin pressorwas replaced and the refrigeratorre-
viscosityfrom ISO 33 to 120, are not specific_Jly turned to service in July 1978; it operated with-
identified. Some results also are given with out incident until March 1987. The refrigerator
100% refrigerant, was functioningnormallywhen shut down for

compressordisassembly,to determinethe long-
Copper Plating in R-134a Systems,technicalnote term effectsof this refrigerant-oilsystem. This
5, ICI Americas Incc,rporated, New Castle, DE, report provides a photographic record of the
USA,August1990 (4 pages,RDB2518) disassembly,summarizesdetailedchemicaland

This document discusses copper plating, for- metallurgicalanalyses, and includes profilome-
marion of a film of metallic copper on one or ter readingsto evaluatethe effect of slightcop-
more areas of the compressor. Observations per platingon steel bearing surfaces. A hard-
are compared for R-134a and syntheticlubri- ened steel vane spring, which broke when
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dropped, had been severely fatigued during elastomers,plastics,refrigeratorliner materials,
service. The polyethyleneslot liner insulation and roofing membrane materials after a two-
showed embrittlement,but was not analyzed, week exposureto R-11 and R-141b. The elas-
Very limited refrigerant decomposition was tomeric materialsinclude neoprene, Butyl(TM),
found,and the reportconcludesthat R-134ause Buna(TM)N, and Du Pont Viton(R).The plastics
had very little effect on the metal parts of the and refrigeratorlinermaterialsincludeABS poly-
compressor. Particles trapped in the oil pro- mer, FEP, Kynar PVDF, polyethylene, poly-
duced slightscarson metalliccontact surfaces, propylene, polystyrene,polytetrafluoroethylene
The molecular sievedriercontained5% residual (PTFE),and polwinyl chloride(PVC). The ABS
water, compared to a saturation value of 19- polymer, Buna(Ta)N, Viton(R),and PVC materi-
20%. Unanswered questionsremainconcern- als exhibitedmuchgreater swellingand weight
ing the refrigerant-lubricantstability;additionof gainafterexposureto R-141b thanto R-11. The
an oilstabilizeror use of a differentoil may be other materialsexhibited resultslower than, or
indicated. General Electric Company and comparableto, R-11after R-141bexposures.
Tecumseh Products Company assisted in dis-
assemblingthe compressorand interpretingthe
visual evidence. Further examination of the

desiccantused, UnionCarbide molecularsieve R-142b
type 4A-XH-6, is reported in document RDB-

0003. K.S. Sanvordenker,Materials Compatibility of R-

Current Development Status of HFC-134a for 142b for Hermetic Units, Tecumseh Products
Automotive Air Conditioning, documentARTD-2, Company, AnnArbor, MI, June 1989 (7 pages with
E. I. du Pontde Nemoursand Company, Incorpo- 2 figuresand 5 tables,availablefrom JMC as RDB-
rated, Wilmington, DE, undated (16 pages, avail- 0002)
able fromJMC as RDB0536) Two figures compare the miscibilityof R-142b

and R-22 with Capella B and Calumet R015
UL 984 Tests with R-134a and Oils, Carrier Cor- mineraloils. The miscibilityof R-142bwith Zerol
Ix)ration,Syracuse,NY (1 page wlth i table, avail- 150 alkylbenzene lubricant also is discussed.
able fromJMC as RDBO017) Quantitativedata on two magnet wire insula-

A table summarizesUL 984testsof motormate- tions (polyester-imide and pol_,ester enamel
rialsaged at 110 °C (230 °F) for 60 days. Con- overcoatedwith amide-imide)w,;,,',R-142b and
trotresultsare comparedto thoseafter separate R-22 are given for refrigerantabsorption, soft-
exposuresto R-12 mixed with mineraloil (Suni- ening, blistering, and retained dielectric str-
so 3GS) and R-134a mixed with the same oil ength. R-142b and R-22 effects on the core-
and with alkylbenzeneoil (Zerot 150) Insula- bond tensile strength of two unidentifiedsol-

" vent-basedepoxy-type varnishesalso are pre-tion failures (1 ma current leakage to ground
after 1 minute at 1.5 kV) and breakdownvolt- sented. Additionally,swelltests of R-142b with
agesare reported. Resultsare summarizedfor four elastomeric(neoprene,EPR, nitrile,and Du
polyester-imidemagnet wire, Dacron-Valox(R) PontViton(R))o-ringsare given. In each investi-
lead wire, Du Pont Teflon(R)wire sleeving,Du gation,R-142b exhibitedcharacteristicscompa-
Pont Mylar(R) end cap, Mylar-Dacron(R)ther- rableto, or betterthan, R-22.
mosleeve, Mylar(R) and Melinex(R)slot liners,
and Mylar(R)and Melinex(R)phase separators.
Breakdown voltages of 0.7-15.5 kV are indi-
cated; currentleakage failuresresultedonly for R-245ca
the polyesterimidemagnetwire.

R. G. Doerr, D. Lambert,R. Schafer,and D. Steinke
(TheTrane Company),Stability and Compatibility
Studies of R-245ca, CHF2CF2CH2F, A Potential

R-141b Low-Pressure Refrigerant, Proceedings of the/ntemationa/ CFC and Haon A/ternatives Confer-

Isotron R-141b Foam Blowing Agent: Material ence (Washington,DC), Alliance for Responsible
Compatibility, preliminaryinformationbulletin,Elf CFC Policy,Arlington,VA, pages147-152, Septem-ber 1992 (6 pages with 1 figure and 4 tables,avail-AtochemNorth America,Incorporated(providedby
the former PennwaltCorporation),Kingof Prussia, able fromJMCas RDB2AIO)
PA, May 1989 (1 page with 1 table, availablefrom This paper reviewsthe selection of R-245 iso-
JMC as RDB0519) mers as low-pressure refrigerant candidates.

A table providesquantitativeandqualitativedata This seriesoffersthe highest numberof hydro-
on weight change and swelling for common gen atoms without becoming flammable and,

i Iplease see pages 4-6 for ordering information I
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therefore, the best potential among fluoro- March 1990 (2 pages with 3 tables, available from
propanes. R-245ca was selected for further ex- JMC as RDB0904)
amination, based on performance modelling This memo summarizes sealed-tube tests to
and its reported synthesis. Slightly lower effi- compare the stability of R-114 and E-134 when
ciency is expected compared to R-123. Physi- aged for up to 72 hours with several lubricants
cal and chemiral properties are tabulated for R- at temperatures as high as 182 °C (360°F). The
11, R-123, R-134a, and R-245cafor comparison, lubricants tested included York C, Zerol 300
R-245ca is expected to be nontoxic, and it is in- alkylbenzene, and UCON LB-165 polyglycol.
dicated to be very similar to R-11 in terms of Aluminum, copper, and iron wires were included
molecular weight, boiling point, and critical as catalysts. E-134 was found to be somewhat
temperature. Its ozone depletion potential less stablethanR-114.
(ODP) is zero, but its 5.5 year atmospheric life-
time leads to a global warming potential (GWP)
higher than for R-123 but lower than for R-134a.
[Newer data indicate an atmospheric lifetime of
6.4 years.] The paper summarizesstabilityand E-245
compatibility studies. Sealed-tube tests, with
and without lubricants,indicate that R-245ca is R.G. Doerr,R. Schafer,D. Lambert, and D. Steinke
extremelystable;no evidenceof decomposition (The Trane Company), Stability Studies of E-245
was noted after 500 hours at 175 °C (347 °F). Fluoroether CF3CH2OCHF2, presentationat the
Parr bomb compatibilitytests with electric mo- InternationalCFC and Halon AlternativesConfer-
tor materialsand elastomersshowed lower re- ence (Baltimore,MD), Alliancefor ResponsibleCFC
frigerant absorption than for R-11 and R-123. Policy,Arlington,VA,December 1991 (4 pages with
'Thecompatibility of R-245ca was found to be 14 charts, availablefromJMC as RDB2811)
very similarto R-134atowardboth motor mate- Thesepresentationcharts summarizean inves-
rialsand elastomers;no degradationwas found tigation into the use of E-245, a proposed low-
for the materialstested. They included var- pressurerefrigerantfor centrifugalchillers. The
nishes, slot liners, Du Pont Mylar(R)sheet and charts summarize properties of this fluid and
tape, Dacron-Mylar-Dacron(R)and Du Pont No- sealed-tube tests to determine its stability.
mex(R) wedges, Du Pont Dacron(R) tape and Tests in glass tubes, both with and without an
cord, and reinforcedtape. The varnishestested unidentifiedcii, resulted in violent explosions.
included solvent epoxy (Sterling(R)U-475 EH), Tests of R-123 and E-245with copper and iron
100% solids epoxy (Sterling(R)Y-833), and wa- coupons in Parr bombs are presented, indicat-
ter-borne epoxy (Schenectady Isopoxy(R) 800). ing stable results. Repetition of the E-245 tests
Weight, volume, and hardness change results with copper, iron, and glass coupons led to re-
are tabulated for a proprietary, chloroprene, and actions. Analyses of the pressure buUd-up as
nitrUeelastomers. The results suggest further well as a gas chromatogram and quantitative
investigation of R-245ca as a potential refriger- analysis of the reaction products are presented.
ant. Commercialization is not expected for a Further tests with glass are outlined to examine
number of years pending flammability, toxicity, the role of water, air, oxygen, and peroxide. The
and other testing as well as development of a charts note that E-245 can react autocat-
competitive manufacturing process. [see RDB- alytically with glass to produce high pressures,
2All for presentation charts] hydrogen fluoride, and 2,2,2-trifluoroethyl ether

(a convulsant). This reaction is accelerated by
R. G. Doerr, D. Lambert, R. Schafer, and D. Steinke air (oxygen) and peroxide. The fraction of E-245
(TheTrane Company), Stability and Compatibility remainingafter exposuresat 121°C (250 °F) for
Studies of R-245ca, CHF2CF2CH2F, A Potential 14 days are tabulated to indicatethe effects of
Low-Pressure Refrigerant, presentation charts various materials. They included elastomers,
(internationalCFC and Halon AlternativesConfer- motor materials,copper, iron,water, glass-like
ence, Washington,DC), September1992 (4 pages, materials. Tests with copper, iron, and alu-
available fromJMC as RDB2A11) minumat 166and 177°C (330 and 350 °F) also

seeRDB2AIOfor abstract are presented. E-245was foundto be unstable
withfiberglassmotormaterials.

E-134

T. P. Gross,Sealed-Tube Tests - Grace Ether (E-
134), York InternationalCorporation,York, PA, 28
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R-717 (AMMONIA) prene, BUtyl(TM),Buna(TM)N, and Du Pont Vi-
ton(R). Swell (length increase percentage),

G. D. Short (CPI EngineeringServices, Incorpo- weight gain (percentage),and appearance (in-
rated), Refrigeration Lubricants Update: Synthet- cluding qualitative observat;onson hardness
i¢ and Semi-Synthetic Oils Are Solving Problems and embrittlement)are tabulated.
with Ammonia and Alternative Refrigerants,
Technical Papers of the 12thAnnual Meeting (4-7
March 1990, Memphis, TN), InternationalInstitute zeotropes
of Ammonia Refrigeration(lIAR), Washington,DC,
pages 19-53, March 1990 (RDB2203) D.J. Bateman, D. B. Bivens,R. A. Gorski, W. D.

Wells (Du Pont Chemicals),R. A. Lindstrom,R. L.
G. D. Short (CPI EngineeringServices, Incorpo- Morse, and R. L. Shimon (Tecumseh Products
rated), Hydrotreated Oils for Ammonia Refriger- Company), Refrigerant Blends for the Automo-
ation, Technical Papers of the 7rhAnnual Meeting tive Air Conditioning Aftermarket, paper 900216
(10-13 March 1985, San Antonio,TX), International (SAE InternationalCongress and Exposition,De-
Instituteof AmmoniaRefrigeration(lIAR),Washing- troit, MI, 26 February - 2 March 1990), Society of
ton, DC, pages 149-176, March1985 (RDB2204) Automotive Engineers (SAE), Warrendale, PA,

February1990 (14 pages with 12 figuresand 8 ta-
bles,RDB2206)

OTHERS Alternative Refrigerant Blends, E. I. du Pont de
Nemoursand Company, Incorporated,Wilmington,

D. J. Bushouse,Degradation of Polyester Films DE, 1989 (18 pages, availablefrom JMC as RDB-
by Alcohols,ASHRAEJournal, AmericanSocietyof 0530)
Heating, Refrigerating,and Air-ConditioningEngi-
neers (ASHRAE),Atlanta,GA, volume3, number9, Compatibility of Elastomers with the Ternary
pages61ff, September1961 (RDB2301) Blends of HCFC-22/HFC-152a/CFC-114 end

HCFC-22/HFC-152a/HCFC-124, document ARTD
J. F. Wilson, Effect of Methanol on the Perfor- 3, E. I. du Pont de Nemours and Company, Incor-
mence of Polyester Film in Reciprocating Re- porated, Wilmington, DE, 7 November 1989 (26
frigeretion Compressors,ASHRAEJournal, Ameri- pages,availablefromJMC as RDB0537)
can Society of Heating, Refrigerating,and Air-Con-
ditioningEngineers(ASHRAE),Atlanta,GA,volume Ternary Refrigerant Blends, document ARTD-IO,
10,number1, pages43 rf,January1968 (RDB2205) E.I. du Pontde Nemoursand Company,Incorpo-

rated,Wilmington,DE, undated (6 pages,available
from JMC as RDB0539)

Ternary Refrigerant Blends for the Automotive
BLENDS Aftermarket, document ARTD-1, E. I. du Pont de

Nemoursand Company, Incorporated,Wilmington,
DE, undated (12 pages, available from JMC as

Azeotropes RDB0535)
test results for R-22/152a/114 (36/24/40)

Isotron 22/142b Blends for Refrigeration: Mate- (blend KCD-9430) and R-22/152a/124 (36/24/
rial Compatibility, preliminaryinformationbulletin, 40) (blend KCD-9433) for automotiveuse; con-
ElfAtochem NorthAmerica,Incorporated(provided cludesthat the blendsare not drop-in replace-
by the formerPennwaltCorporation),Kingof Prus- ments for R-12, but that technologiesexist or
sis, PA, May 1989 (1 page with 1 table, available can be developed to accomplish retrofitwhile
fromJMC as RDB0520) maintaining acceptable performance; topics

This bulletin summarizes the procedure and coveredincludeenvironmentalimpacts;toxicity;
findingsfor two-weekexposuresof selected re- properties; flammability; compatibilitydata for
frigerationsystemmaterialsboth to R-12and to hoses constructed of nylon, Du Pont Hypalon(R)
a blend of R-22/R-142b (55/25)° The materials 48, nitrile; compatibility data for elastomers
tested included copper wire, polyimide insula- including epichlorohydrin, neoprene, nitrile;
tion, and several plastics and elastomers. The compatibility data for molecular-sieve desic-
plastics included nylon (Du Pont Zytel(R) 101), cants; and solubility and lubricity data for BVM-
polytetrafluoroethylene (PTFE), FEP, PVDF (Ky- 100N, Idemitsu, and Moper mineral oils and Ze-
nar), PVC, low-density polyethylene, polypropyl- rol 500 alkylbenzene oils, the last with three ad-
ene, polystyrene, high-impact polystyrene, and ditives for the lubricity tests.
high-gloss ABS. The elastomers included neo-

I please see pages 4-6 for ordering information I
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Sealed-Tube Stability Tests: Ternary Blends S. Corr, P. D. Guy, A. A. Lindley,F. T. Murphy,G.
(KCD-9430 and 9433), document ARTD-13, E.I. Tompsett (ICI Chemicals and Polymers,Limited),
du Pont de Nemoursand Company, Incorporated, and T. W. Dekleva (ICI Americas, Incorporated),
Wilmington,DE,April1990 (11 pages with6 tables, The Effect of Miscibility on Performance of R-
availablefrom JMC as RDB0542) 134a and Alternative Lubricants, seminar pre-

sentationat the ASHRAEAnnualMeeting, (Indiana-
polis, IN), ICI Americas Incorporated,New Castle,
DE, USA, 24 June 1991 (20 pages with 24 charts,
RDB2521)

LUBRICANTS s. Corr (ICl Chemicals and Polymers, Limited),
Solubility and Miscibility - Relevance to Klea (Ta)
134a Refrigeration Systems, ICI Americas Incor-

L. F. Albrightand J. D. Lawler,Viscosity-Solubility porated,Wilmington,DE, USA,8 February1991 (11
Characteristics of Mixtures of R-13B1 and Lubri- pageswith 8 figures,RDB2520)

cating Oils,ASHRAEJouma/, AmericanSociety of This documentexplainsthe meaning and rele-
Heating, Refrigerating,and Air-ConditioningEngi- vance of solubilityand miscibilitywithinrefriger-
neers (ASHRAE),Atlanta, GA, pages 67-70, April ation systems, lt notesthat the solubilityof re-
1959 (RDB2207) frigerant gas in the lubricantusually is an im-

portant lubricantfeature. In general, hJbricants
L. F. Albright and A. S. Mendelbaum, Solubility that displaymiscibilitywiththe refrigerantliquid
and Viscosity Characteristics of Mixtures of Lu- over a wide range of conditionswill also have
bricating Oils and Freon 13 and 115, Refr/gerat- good refrigerantgas solubilities,but the reverse
ing Engineering, American Societyof Refrigerating is not necessarilytrue. Although the solubilityof
Engineers (now merged into the American Society refrigerant gas in liquid lubricant is important in
of Heating, Refrigerating, and Air-Conditioning Fn- determining the viscosity of fluid at the evapo-
gineers, ASHRAE),Atlanta, GA, volume 64, number rator outlet, other factors also are likely to have
10, pages 37-47 and 106,October 1956 (RDB2208) an effect. An example is the lubricant structure

K. Azami, H. Hosoi, and N. Ishikawa (Sanden Cor- (e.g., polarity or hydrogen bonding). The vis-cosity of the circulating liquid phase and the
poration),Lubricant Screening for HFC-134a Car velocityof the drivinggas are the two mostlm-
Air Conditioning Compressor Reliability, paper portantconsiderationsfor lubricantreturnto the
901735, Society of AutomotiveEngineers,Warren- compressor. Lubricantviscosityand the solu-
dale, PA, September1990 (12 pages with5 figures bility-relatedviscosityof the refrigerant-lubricant
and 11tables,RDB2209) mixturewould be expectedto govern lubricant

holdup, a measure of the lubricant quantity
C. M. Bosworth(Carrier Corporation), Predicting availableto interferewi_hheat transfer. Experi-
the Behavior of Oils in Refrigeration Systems, ence indicatesthat th,e concentrationof lubri-
Refrigerating Engineering, AmericanSocietyof Re- cant in the liquidrefrigerantphase is below 1%
frigeratingEngineers(ASRE, now merged into the over the majorityof theevaporationprocess,so
AmericanSocietyof Heating,Refrigerating,andAir- lubricantmiscibilityactuallydoes not appearto
Conditioning Engineers, ASHRAE), Atlanta, GA, be significant indeterminingoil holdup. Sepa-
volume60, number6, pages617-620 and 654-655, rate liquid phasesfor the refrigerantand lubri-
June 1952 (7 pages with 12 figuresand 5 tables, cant willbe presentonlyovera very shortlength
RDB2503) of the evaporator. Plots and tabular data are

This paperdiscussesthe solubilityef lubricating providedfor low-temperaturemiscibilityfor ester
oils in refrigerants,absorption of refrigerants, lubricants (Emkarate(R)RLE) in R-134a. The
solvent effects on nonmetallic materials, and fraction of lubricantin refrigerantalso is plotted
stabilityof oils. Differencesamong paraffinic, for the evaporatorlength.
intermediate,and naphtheniclubricantsare dis-
cussed, and recommendationsare presented G. Daniel, M. J. Anderson, W. Schmid, and M.
for selection of oil types for specificapplica- Tokumitsu (Mobil Oil), Performance of Selected
tions. Solubilitycurves are presentedfor R-12, Synthetic Lubricants in Industrial Heat Pumps,
R-22, and R-114 in four oils. The paper notes paper B3, Proceedings of the/ntemational Sympo-
that the volumes of refrigerant-lubricantmix- slum on the Industria/ Application of Heat Pumps
tures do not necessarilycorrespondto the sum (Universityof Warwick, UK, 24-26 March 1982),
of their separate volumes due to absorption; BHRA Fluid Engineering,Cranfield, Bedford, UK,
data on increasesand decreases are provided pages 41-53, 1982; republishedin Jouma/of Heat
for severalexamples. Recovery' Systems, Pergamon Press Limited, UK,

volume 2, number 4, pages 359-368, 1982 (12
pages with 3 figures and 4 tables, RDB2210)
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This paper reviews lubrication requirementsat lanta,GA, volume82, part II, pages 567-571, 1976
highcondensingtemperatures(120-130°C, 248- (RDB2528)
266 °F), typical of those encountered in in-
dustrial heat pumps. Potential limitationsof H.G. Hirschberg (GebrLiderSulzer AG, Switzer-
mineraloilsare examined and physicaldata are land), Determining the Viscosity of Mixtures of
reviewed for synthetic lubricants, particulady Mineral Oil and Refrigerants, Sulzer Technical
synthetichydrocarbonfluids (SHF) of the poly- Review, Winterthur,Switzerland,February1964; re-
alphaolefintype and selected polyglycols. Vis- publishedin Modern Refrigeration, pages 711-713
cosity,vapor pressure,and stabilitydata are re- (3 pageswith4 figures,RDB2501)

viewed for selected synthetic lubricants with The viscosity of lubricatingoils is substantially
halogena,_edrefrigerants. The field results in lowered by dissolved hydrocarbons. Determi-
severalinstallationswith R-12 and R-114 are ex- nation of viscosityfor refrigerant-lubricantmix-
amined, to documentsatisfactoryoperationun- tures, therefore,is very importantin equipment
der the severeconditionsencountered, and applicationdesign. The need is heightened

by variations in the hydrocarbon content, re-
K. E. Davisand J. N. Vinci (Lubrizol),Effect of Ad- latedto the originof the crude oil used,and the
ditives in Synthetic Ester Lubricants Used with way in which it is refined. This paper outlines
HFC-134a Refrigerant, Proceedings of the calculationmethods to determinethe viscosity
International CFC and Halon Alternatives Confer- based on ringanalysis,mean molecularweight,
ence (Washington,DC), Alliance for Responsible viscosity-temperaturerelation,anddensity. The
CFC Policy,Arlington,VA, pages125-133, Septem- ring analysis determines the paraffins, cyclic
ber 1992 (9 pageswith 5 figures,RDB2A08) paraffins(naphthenicsubstances,and benzene

derivatives(aromatics) present in the oil. The
T. W. Dekleva(ICI Americas, Incorporated),Lubri- molecularweight isa measureof the size of the
cants for Use with R-134a in Domestic Appli- oilmolecules. The viscosityindex,or alternative
ances, presentationat the InternationalCFC and viscosity pole height, may be obtained from
Halon AlternativesConference (Baltimore,MD), Ai- manufacturerdata. The paper discussesvis-
liance for ResponsibleCFC Policy, Arlington,VA, cosity equationsdeveloped by a numberof in-
November 1990 (40 pages with 30 charts, RDB- vestigators,includingArrhenius,E. R. Epperson
2524) and H. L Dunlap,L. Grunbergand A. H. Nissan,

and H. Umst_.tter. lt illustratescomparativere-
F. Espinoux,G. Bardy,B. Constans,P. Sanvi, and suits based on a mixtureof R-114 and mineral
N. Genet (Elf ResearchCenter, France), Lubricity oil. lt concludesthat a modified version of the
Evaluation for Lubricants Used in Refrigeration Grunbergand Nissanequationis usefulfor rep-
with HFC-134a, Proceedings of the 1992 Inter- resentingand calculatingthe viscositiesof re-
national Refrigeration Conference - Energy Efr/- frigerant-lubricantmixtures.
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun,Purdue University,WestLafayette, D.F. Huttenlocher(SpauschusAssociates,Incor-
IN, volume2, pages405-414, July 1992 (10 pages porated), Chemical and Thermal Stability of Re-
with 6 figuresand 3 tables,RDB2823) frigerant-Lubricant Mixtures with Metals, report

DOE/CE/23810-3B, Air-Conditioningand Refriger-
D. J. GIova, High-Temperature Solubility of Re- ationTechnologyInstitute(ARTI),Adington,VA, 10
frigerants in Lubricating Oil, Transactions, Ameri- July 1992 (64 pages with 37 figuresand 24 tables,
can Society of Heating,Refrigerating,and Air-Con- availablefromJMC as RDB2802)
ditioningEngineers,ASHRAE),Atlanta,GA,volume
90, part 2B, pages806-825, 1984 (RDB2211) This interimreport presentsstabilitydata, based

on sealed tube tests,for mixturesof refrigerants
B. D. Greig (Castrol Limited), Formulated Polyol and lubricantsin the presence of a valve steel
Ester Lubricants with HFC-134a: The Role of strip. Tabular resultsare presented for R-22
Additives and Conversion of Existing CFC-12 with mineral oil, R-124 with alkylbenzene, R-
Plant to HFC-134a, Proceedings of the Intema- 134awith three pentaerythritolesters (PEs), R-
tional CFC and Halon Alternatives Conference 142b with alkylbenzene; R-143a with PE
(Washington, DC), Alliance for ResponsibleCFC branched acid, and R-152a with alkylbenzene.
Policy, Arlington,VA, pages 135-145, September Partial resultsare provided for eight additional
1992 (11 pages with 3 figures and 3 tables,RDB- refrigerant-lubricantmixtures, including those
2A09) containingR-11, R-32, R-123,R-125, and R-134.

The informationprovided includesvisualobser-
J. H. Grim, Lubrication Requirements for the Re- vations on the aged sealed tubes and gas
frigeration and Air-Conditioning Industry, Trans- chromatographicanalyseson theirvapor-phase
actions, American Society of Heating, Refrigerat- contents. Chloride ion contents are provided
ing, and Air-ConditioningEngineers(ASHRAE),At-

I please see pages 4-6 for ordering information I-
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for hydrochlorofluorocarbon (HCFC) containing and R-143a as decomposition products. Pre-
mixtures and fluoride ion contents for hydrofluo- liminary data, for tests at 150 and 175 °C (302,
rocarbon (HFC) mixtures. Total acid number and 347 °F), are presented for R-22with a min-
values and Infrared analyses are presented for eral oil (Suniso 3GS), R-124 and R-142bwith an
mixtures containing ester lubricants. The min- alkyibenzene (Zerol 150), and R-32, R-125, R-
eral oils tested were Witco Chemical Suniso 134a, and R-143a with penta erythritol ester
3GS (ISO 32) and Freezene Naphthenic Heavy branched acid (Castrol Icematic SW32). Pre-
white oil (ISO 46). The alkylbenzene was Iiminary results also are presented for R-134a
Shrieve Chemical Zerol 150. The polyalkylene with a higher-viscosity penta erythritol ester
glycols (PAGs) included ICI Emkarox(R) poly- (Emery 2928 ISO 100). The information pro-
propylene glycol butyl monoether (ISO 32) and vided includes visual observations, chemical
Dow Chemical P245 polypropylene glycol diol analyses, and gas chromatograms with sum-
(ISO 22). The penta erythritol esters (PEs) in- mary data indicating the fraction of refrigerant
cluded Castrol Icematic SW32 branched acid, that reacted. The preliminary results suggest
ICI Emkarate(R) RLE mixed acids, and Henkel that the seven refrigerant-lubricant systems are
Emery 4078X (2928 ISO 100) 100 cSt. Most of very stable at the temperatures tested, and that
the tests were repeated at three temperature further testing is needed to define the upper
levels, namely 150, 175, and 200 "C (221, 302, temperature limits. [see RDB2802for update]
and 347 °F); additional tests were performed at
105 °C (221 °F) when indicated. The preliminary S. Komatsuzaki, Y. Homma, K. Kawashima, and Y.
findings indicate that the HFCs tested are very Itoh (Hitachi Limited), Polyalkylene Glycol as Lu-
stable and did not undergo measurable chemi- bricant for HFC-134a Compressors, Lubrication
cal reactions or thermal decomposition, even in Engineering, Society of Tribologists and Lubrica-
the presence of lubricants. The high-viscosity tion Engineers (STLE), volume 47, number 12,
ester is the only lubricant that showed signifi- pages 1018-1025,December 1991 (RDB2212)
cant signs of instability, based on decarboxyla-
tion of the ester molecule, especially at 200 °C S. Komatsuzaki and Y. Homma, Antiseizure and
(347 °F). Ali of the HCFCs tested, possibly ex- Antiwear Properties of Lubricating Oils Under
cepting R-22, are less stable than the HFCs. Refrigerant Gas Environments, paper 90-AM-6C-
Except for R-123, however, they are no more 1 (45th Annual Meeting, Denver, CO, 7-10 May
reactive than R-12 under equivalent test condi- 1990), Society of Tribologists and Lubrication En-
tions. While R-123 is significantly more reactive, gineers (STLE), May 1990; republished in Lubrica-
it offers a stability improvement by a factor of tion Engineering, STLE,volume 47, pages 193-198,
ten over R-11. 1991,May 1990 (RDB2213)

D. F. Huttenlocher (Spauschus Associates, Incor- S. Komatsuzaki, T. Tomobe, and Y. Homma
porated), Chemical and Thermal Stability of Re- (Hitachi Limited), Additive Effects on Lubricity
frigerant-Lubricant Mixtures with Metals, Pro- and Thermal Stability of Refrigerator Oils, Lubri-
ceedings of the 1992 International Refrigeration cation Engineering, Society of Tribologistsand Lu-
Conference - Energy Efficiency and New Refriger- bricationEngineers(STLE), volume 43, pages 31-
ants, edited by D. R. Tree and J. E. Braun,Purdue 36, 1987 (RDB2423)
University,West Lafayette,IN, volume2, page 679,
July 1992 (1 page, available from JMC as RDB- J.L. Little,Viscosity of Lubricating Oil- Freon 22
2813) Mixtures, Refrigerating Engineering, American So-

ciety of RefrigeratingEngineers(now merged into
D. F. Huttenlocher (Spauschus Associates,Incor- the AmericanSociety of Heating,Refrigerating,and
porated), Chemical and Thermal Stability of Re- Air-ConditioningEngineers,ASHRAE), Atlanta,GA,
frigerant-Lubricant Mixtures with Metals, report pages 1191-1195,November1952 (RDB2214)
DOE/CE/23810-2B, Air-Conditioningand Refriger-
ation TechnologyInstitute (ARTI), Adington,VA, 31 K. Mail, Messeinrichtung zur Ermittlung des
March 1992 (28 pages with 11 figuresand 12 ta- Dampfdruckes von OI-K_iltemittel Gemischen
bles, availablefromJMC as RDB2416) (Measuring Apparatus for Determination of the

This interim report summarizesstability data, Vapor Pressure of Oil-Refrigerant Mixtures), K_I-
based on sealed tube tests, for mixtures of re- tetechnik-Klimatisierung, volume 22, number 8,
frigerants and lubricants in the presence of a pages 257rf, 1970(in German, RDB2502)
valve steel strip. Tabular resultsare presented
forR-123 with mineraloilat 105, 150, and 175 °C M.B. Pate,S. C. Zoz, and L. J. Berkenbosch(Iowa
(221, 302, and 347 °F). The findings indicate State Universityof Science and Technology),Mis-cibility of Lubricants with Refrigerants, report
that prolonged exposuresto temperatures ex- DOE/CE/23810-3C, Air-Conditioningand Refriger-
ceeding approximately150 °C (302 °F) lead to
rapid chemical deterioration, yielding R-133a ation Technology Institute (ARTI), Arlington, VA,
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July 1992 (22 pages with 24 tables, available from rate(R)RL244). These tests were performed at
JMC as RDB2803) nominal lubricant concentrations of 10, 50, and

This progress report summarizes the status and 95% over a temperature range of -50 to +90 °C
initial data obtained from an investigation of (-58 to +162 °F). Of those tested, Emkarox(R)
miscibility of lubricants with refrigerants. Ex- VG32 remained fully miscible for the full range of
periments are being performed in two phases, concentrations and temperatures tested. Proce-
namely screening tests and preparation of mis- dures to charge the refrigerant and lubricant
cibility plots. Qualitativemiscibilityobservations into testcells and a method to quantify immisci-
are tabulatedfor R-32, R-125, R-134, R-134a, R- bility,based on visualobservations,weredevel-
142b, and R-143awith four lubricants. They in- oped. The experimentalapparatus beingused
clude two penta erythritolesters,a mixed acid was modified for the project and additional
(ICI Emkarate(R)RL244) and a branched acid unidentifiedrefrigerantsand lubricantswere or-dered. The reportdiscussesproblemsencoun-
(CastrotIcematic SW32), and for two polyalky-
lene glycols(Ph,Gs),a polypropyleneglycoldiol tered with the procedures used and identifies
(Dow P425) and a polypropyleneglycol butyl changes to reduce the probability of test cell
monoether(ICI Emkarox(R)VG32). These tests ruptures. (SeeRDB2803for update)
were performed for three lubricantconcentra-
tionsover a temperaturerangeof -50 to +60 °C H.M. Parmelee,Viscosity of Refrigerant-Oil Mix-
(-58 to +140 °F) for R-32, R-125, R-134, and R- tures at Evaporator Conditions, Transactions,
143a. The range was extended to +90 °C AmericanSocietyof Heating,Refrigerating,and Air-
(+194 °F) for R-134a and R-142b. R-22, R-123, Conditioning Engineers (ASHRh,E), Atlanta, GA,,
R-124, and R-152awill be tested later. The re- volume70, pages 173-180,1964 (RDB2215)
frigerant concentrations varied due to the
method of charging the test cells, but future K.S. Sanvordenker (Tecumseh Products Com-
testswill providedata at nominalconcentrations pany), Durability of HFC 134a Compressors -
of 10, 50, and 95% byweightfor ali of the com- the Role of the Lubricant, (proceedingsof the
binations. Compositionchangesas the density 42nd Annual International Appliance Technical
of the vapor decreases and the vapor volume Conference,Universityof Wisconsin,Madison,WI,
increasesare discussed. Minor problemswith May 1991), reprint by Tecumseh Products Com-
leakage and correctionsare described. Sum- pany, Tecumseh, MI, 1991 (8 pages with 2 figures
mary observationsare providedfor each refrig- and2 tables,RDB2216)
erant-lubricantcombination. Properties of polyalkylene glycol (PAG) and

polyol ester lubricantsare examined, with em-
M. B. Pate, S. C. Zoz, and L. J. Berkenbosch(Iowa phasison inherentthermalstabilityand.suitabU-
State Universityof Scienceand Technology),Mis- ity for use with R-134ain refrigerationcompres-
cibility of Lubricants with Refrigerants, Proceed- sors. The PAGs addressed include diols, mo-
ings of the 1992 International Refrigeration Confer- noethers,ester-ethers, and diethers, ali stabi-
ence - Energy Efficiency and New Refrigerants, lizedwith 200 ppm BHT. Plotsof hygroscopicity
edited by D. R. Tree and J. E. Braun,PurdueUni- and miscibilityof Ph,Gs with mineral oils are
versity,West Lafayette, IN, volume 2, pages 681- provided. The decomposition kinetics, based
686, July 1992 (6 pageswith 4 figuresand 2 tables, on sealed-tubetests,are tabulated. The effects
availablefrom JMC as RDB2814) summarized include temperature (177-260 °C,

350-500 °F), presence of metals (steel,copper,
M. B. Pate, S. C. Zoz, and L.J. Berkenbosch(Iowa and aluminum) or R-134a, and Ph,G type.
State Universityof Science and Technology),Mis- Problems of hygroscopicity,incomplete misci-
cibility of Lubricants with Refrigerants, report bilitywith mineraloils, and incompatibilitywith
DOE/CE/23810-2C, h,ir-Conditioningand Refriger- chlorinatedsolventsexist, but they can be han-
ation Technology Institute (ARTI), Arlington, VA, died by proper housekeepingprocedures. Lack
April 1992 (8 pages with 4 tables, available from of thermalstability,even in the absence of met- •
JMC as RDB2417) als, at 177-204°C (350-400°F) is identifiedas a

This interim report summarizesprogressfor an key shortcomingfor the Ph,G candidates. The
investigationof miscibility of lubricantswith re- effectsof time, metal catalysts,and initialmois-
frigerants. Qualitative miscibilityobservations ture aretabulatedfor polyolesters,again at ele-
are tabulated for R-134awith two polyalkylene rated temperatures (204-260 °C, 400-500 °F).

Pentaerythritoltetraester is emphasizeddue, in
glycols (Ph,Gs),namely a polypropyleneglycol part, to its better miscibilitywith R-134a com-butyl monoether (ICI Emkarox(R)VG32) and a
polypropyleneglycol diol (Dow P425). Results pared to otherneopentylesters. Decomposition
also are given for a penta erythritol ester alsowas observed, but only in the presence of
branched acid (Castrol Icematic SW32) and for steel. A metal passivatorspecific to steelwas
a penta erythritolester mixed acid (ICI Emka- foundto providea simpleremedy.

I please see pages 4-6 for ordering information
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K. S. Sanvordenker (Tecumseh Products Com- rubbing surfaces. The behavior of additive-free
pany), Mechanism of Oil-R12 Reactions - the lubricants is described and compared to that
Role of Iron Catalyst in Glass Sealed Tubes, pa- with antiwear additives, such as tricresylphos-
per 2881, Transactions, American Society of Heat- phate (TCP).
ing, Refrigerating,and Air-ConditioningEngineers
(ASHRAE),Atlanta,GA, volume91, part lA, pages K.S. Sanvordenkerand M. W. Larime (Tecumseh
356-369, January 1985 (14 pageswith 7 figuresand Products Company), A Review of Synthetic Oils
1 table, RDB2217) for Refrigeration Use, Transactions, American So-

This frequentlycited paper presentsthe chem- ciety of Heating,Refrigerating,andAir-Conditioning
istry of oil and R-12 reactions in sealed-tube Engineers(ASHRAE),Atlanta,GA, volume 78, part
tests in detail. The paper reviewsthe mecha- 2, 1972;republishedin symposiumbulletinNA-72-5(ASHRAE Annual Meeting, Nassau, Bahamas),nisms postulated in earlier publications [see
RDB2326 and RDB2526] and observations June 1972 (6 pageswith 1 table, RDB2218)
based on infraredabsorbance. The paper con-

B. H. Shoemaker,Synthetic Lubricating Oils, In.cludes that iron acts as a participant in the re-
dustrial Engineering Chemistry, volume42, numberaction, ratherthanas a catalyst. Largeamounts

can be solubilized,and the process of solubi- 12, page 2414, 1959 (RDB2219)
lizationbeginsearly. The iron-oUmoleculeand
R-12 react with the glass; this reaction also G.D. Short (CPI EngineeringServices, Incorpo-
starts much earlier than previously indicated, rated) and R. C. Cavestri(ImaginationResources,
The reactionformsboron-hydrogenand silicone Incorporated), High-Viscosity Ester Lubricants
fluorinecompounds,while precipitatingout the for Alternative Refrigerants, paper AN-92-5-2
solubilized iron. Based on gas analysisby in- (Winter Meeting, Anaheim, CA, January 1992),Transactions, American Society of Heating, Refrig-
frared, a criterion is defined to identify the entry erating, and Air-Conditioning Engineers (ASHRAE),
of glass in sealed-tube reactions. The paper Atlanta, GA, volume 98, part 1, pages 789-795,
traces through the postulated reactions and ex- 1992 (7 pages with 3 figures and 5 tables, RDB-periments conducted, to identify actual reac-
tions by elimination of participai_ng materials. 2102)
Based on the finding that reactions involving This paper describes the development of high-
glass start at an early stage in systems contain- viscosity (ISO 68 and above), modified polyol
ing R-12, oil, and steel, data in prior publications ester lubricants and their interactions with re-
that show large amounts of reaction products frigerants. Typical properties are presented for
need to be reexamined. 11 conventional and modified penta erythritol

(PE) esters, including several di- and tri-PEs, as
K. S. Sanvordenker (Tecumseh Products Com- well as for a modified trimethylolpropane (TMP)
pany), Lubrication by OU-Refrigerant Mixtures: ester. Data are reported with R-123, R-134a, _'_-
Behavior in the Falex Tester, paper KC-84-14-3, 152a, E-134, and E-245. The apparatususe_ :o
Transactions, American Society of Heating, Refrig- measureviscosityanddensity isdescribed. The
erating,and Air-ConditioningEngineers(ASHRAE), viscosityof a modified,high-viscosityesterwith
Atlanta, GA, volume 90, part 2, pages 799-805, R-134a is presented for evaluation of the hydro-
June 1984 (7 pages with 2 figures and 3 tables, dynamic lubrication and sealing of compression
RDB2422) areas. Chemical and thermal stability and Iu-

The effects of test parameters, with reference to bricity t,_st results are provided for durabilityconsiderations.
the fundamentals of boundary lubrication, are

discussed for pin and v-block (Falex) tests. G.D. Short (CPI Engineering Services, Incorpo-
Such tests are widely used by equipment man- rated) and P,.'C. Cavestri (Imagination Resources,ufacturers and lubricant suppliers to simulate
lubrication in refrigerant compressors and to Incorporated), Selection and Performance of
screen refrigeration lubricants. When modified Synthetic and Semi-Synthetic Lubricants for Use
to provide a closed, pressure-tight chamber, the with Alternative Refrigerants in Refrigeration
Falex machine permits laboratory simulation of Applications, Proceedings of the 1990 USNC/IlR-Purdue Refrigeration Conference and ASHRAE-lubricants in hermetic compressors. The paper
review fundamental theories of boundary lubri- Purdue CFC Conference, edited by D. R. Tree,
cation and wear to explain laboratory data that Purdue University, West Lafayette, IN, pages 163-
may appear to be anomalous. In doing so, the 172, July 1990 (10 pages with 10 figures, RDB2220)
paper explains that trouble-free operation of
hermetic compressors under high-oil dilution G.D. Short (CPI Engineering Services, Incorpo-
conditions of liquid feedback has been simu- rated), Synthetic Lubricants and Their Refrigera-tion Applications, (paper 89-AM-7A-1 44th Annuallated. The unanticipated resultis explainedon
the basis of dissipationof frictionalheatfromthe Meeting,Atlanta,GA, May 1989), Lubrication Engi-
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neering, Society of Tribologists and Lubrication H.O. Spauschus (Georgia Institute of Technology),
Engineers (STLE), volume 46, number 4, pages Evaluation of Lubricants for Refrigeration and
239-247, April 1990 (RDB2221) Air-Conditioning Compressors, Transactions,

This paper reviews the requirements and use of American Society of Heating, Refrigerating, and Air-
synthetic fluids as lubricants for refrigeration Conditioning Engineers (ASHRAE), Atlanta, GA,
systems. R-12, R-13, R-22, R-114, R-134a, R- volume 90, part 2, pages 784-798, 1984; repub-
502, R-503, propane (R-290), and ammonia (R- lished in ASHRAE Journal, volume 26, number 5,
717) are addressed. Requirements are dis- pages 59ff, 1984 (RDB2225)
cussed for thermal and chemical stability, mis-
cibility, solubility, and viscosity. Failure mecha- H.O. Spauschus (General Electric Company), Va-
nisms including improper viscosity, dilution, loss pcr Pressures, Volumes, and Miscibility Limits

of Refrigerant 22-Oil Solutions, Transactions,
or breakdown of lubricant, failure of hydrody- AmericanSocietyof Heating, Refrigerating,andAir-namic lubrication,foaming, and starvation re-
lated to solubilityand miscibilitycharacteristics Conditioning Engineers (ASHRAE), Atlanta, GA,
are reviewed for rotary screw, reciprocating 1964 (RDB2226)
piston,and rotaryvane (bothfixedand rotating)
compressors. Petroleum-based,includingboth H. O. Spauschus (General Electric Company),

Thermodynamic Properties of Refrigerant-Oilnaphthenic and high-viscosity index (HVI)
paraffinicmineral oils, and synthetic lubricants Solutions: Dichiorodifluoromethane (R-12) andPetroleum Oil, ASHRAEJournal, AmericanSociety
are discussed. The syntheticsare grouped as of Heating, Refrigerating,and Air-ConditioningEn-
polyalphaolefin(PAO), alkylbenzene,and poly- gineers(ASHRAE),Atlanta,GA, pages 63 rf,Augustalkylene glycol (PAGs) synthetic hydrocarbon
(SHC) oils. They also includeesterssuchas di- 1963 (RDB2227)
esters (or dibasic acid esters), neopentyl (or
polyol) esters, and modified complex esters. L.M. Speaker and H. O. Spauschus (Georgia In-
The chemical structuresand characteristicsof stitute of Technology), A Study to Increase the
these lubricantsare reviewed,and viscosityand State-of-the-Art Solubility and Viscosity Rela-
miscibilityplotsare providedfor representative tionships for Oil-Refrigerant Mixtures, finalreport
refrigerant-lubricantsystems. Typical properties for 444-RP,American Societyof Heating, Refriger-
are tabulatedfor complexestersof ISO 150and ating, and Air-ConditioningEngineers (ASHRAE),
320 viscosity. The uniquerequirementsfor R- Atlanta,GA, 20 February1986 (RDB2504)
134a, propane (R-290), and ammonia (R-717)
are outlined, concludingthat the syntheticlubri- R.H.P. Thomasand H. T. Pham (Allied-SignalIn-
cants described offer a major contributionfor corporated), Solubility and Miscibility of Envi-

ronmentally Safer Refrigerant-Lubricant Mix-
systemadvancement, tures, paper AN-92-5-1 (Winter Meeting,Anaheim,

L. I. SjC)holm(Teknikgruppen AB) and G. D. Short CA, January 1992),Transactions, American Society
(CPI Engineering Services, Incorporated), Twin- of Heating, Refrigerating, and Air-Conditioning En-
Screw Compressor Performance and Complex gineers (ASHRAE), Atlanta, GA, volume 98, part 1,
Ester Lubricants with HCFC-22, Proceedings of pages 783-788, 1992 (6 pages with 9 figures and 1
the 1990 International Compressor Engineering table as RDB2101)
Conference at Purdue, edited by W. Soedel, Pur- Solubility and miscibility data are presented for
due University, West Lafayette, IN, pages 724-732, R-134a with two polyalkylene glycol (PAG) Iu-
July 1990 (9 pages with 8 figures, RDB2222) bricants (AP-150 and AP-500) and three modi-

fied PAGs (BRL-150, BRL-300, and BRL-500).
L. I. SjSholm (Teknikgruppen AB) and G. D. Short Solubility was determined by measuring the
(CPI Engineering Services, Incorporated), Twin- equilibrium vapor pressure of mixtures of 10-
Screw Compressor Performance and Suitable 90% refrigerant (by weight) in the lubricants for
Lubricants with HFC-134a, Proceedings of the 10-70°C (50-158°F). Miscibilitywas determined
1990 International Compressor Engineering Con- by visual observation of a sealed sample im-
ference at Purdue, edited by W. Soedel, Purdue mersed in a thermostated bath for a range of
University,West Lafayette,IN, pages 733-740, July -60 to +70°C (-76 to + 158 °F). Differencesin
1990 (8 pageswith 7 figures(RDB2223) miscibilitycurve characteristicsare contrasted

to mineraloils. The paper examinesoccurrence
H. O. Spauschus(GeorgiaInstituteof Technology) of lower critical solutiontemperatures(LCSTs).
and L. M. Speaker,A Revie_'_of Viscosity Data for Similaritiesof refrigerant-oilsystemsto solvent-
Oil-Refrigerant Solutions, Transactions, American polymer solutions are addressed, leading to
Society of Heating, Refrigerating,and Air-Condi- correlations of the solubility data using the
tioning Engineers(ASHRAE),Atlanta, GA, volume Flory-Hugginstheory. While further analysisis
93, part 2, pages667-681, 1987 (RDB2224) indicated, Flory-Huggins type plots allow de-

duction of composition in a refrigerant-lubricant

!
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system, given the temperature and pressureand N.A. Van Gaalen, M. B. Pate, and S. C. Zoz (Iowa
assuming equilibrium. State University of Science and Technology), The

Measurement of Solubility and Viscosity of
R. H. P. Thomas, R. P. Robinson,R. PI.Chen, and Oil/Refrigerant Mixtures at High Pressures and
W-T.Wu (Allied-SignalIncorporated),The Solubil- Temperatures: Test Facility and Initial Results
ity of R-32/125 in Modified Polyalkylene Glycols, for R-22/Naphthenic Oil Mixtures, Transactions,
Proceedings of the International CFC and Halon AmericanSocietyof Heating, Refrigerating,andAir-
Alternatives Conference (Baltimore,MD), Alliance Conditioning Engineers (ASHRAE), Atlanta, GA,
for ResponsibleCFC Policy, Arlington,VA, pages volume96, part2, pages 183-190, 1990 (RDB2231)
375-383, December 1991 (9 pages with 2 figures
and2 tables,RDB2228) N.A. Van Gaalen, M. B. Pate,and S. C. Zoz (Iowa

State Universityof Science and Technology),The
R. H. P. Thomas, W-T. Wu, a,,:_H. T. Pham (Allied- Solubility and Viscosity of Solutions of HCFC-22
SignalIncorporated),The Solubility and Viscosity in Naphthenic Oil and in Alkylbenzene at High
of Mixtures of R-134a with Modified Polyglycols, Pressures and Temperatures, Transactions,
paper 48, proceedings of the XVIIIth International AmericanSocietyof Heating, Refrigerating,andAir-
Congress of Refrigeration (Montreal, Quebec, ConditioningEngineers (ASHRAE), Atlanta, GA,
Canada,August 1991), InternationalInstituteof Re- volume96, part 2, pages100rf, 1990 (RDB2232)
frigeration,Paris, France, August 1991 (9 pages
with7 figures,RDB2229) G. van der Waal (Unichema Chemie BV), The Re-

The solubilitiesand viscositiesof mixturesof R- lationship Between the Chemical Structure of
Ester Base Fluids and Their Influence on Elas-

134a with two modified polyalkylene glycol tomer Seals, and Wear Characteristics, Journal
(PAG) lubricants are reported. The piston-cylin-
der type viscometer and apparatus for measur- of Synthetic Lubricants, volume 1, pages 280-301,
ing solubility are described. The solubility of R- 1985 (22 pages with 20 figures and 4 tables, RDB-
134a in BRL-150 (a 150 SUS experimental lubri- 2233)
cant) is plotted for 10-70 °C (50-158 °F) in con-
centrations of 0-100%. Its viscosity in BRL-150 Boundary Lubrication of Ternary Blends (KCD-
and BRL-300 (300 SUS) is plotted both as func- 9430 and 9433), document ARTD-12, E. I. du Pont
tions of temperature for -20 to +80 °C (-4 to 176 de Nemours and Company, Incorporated, Wilm-
°F) and pressure. Analysis of the solubility ington, DE, undated (3 pages, available from JMC
shows that it can be described by the Flory-Hu- as RDB0541)
gins theory. This document summarizes a study to deter-

mine the lubricity of a 150 SUS viscosity alkyl-
R. H. P. Thomas, W-T. Wu, and H. T. Pham (Allied- benzene (Shrieve Zerol 150) lubricant with two
Signal Incorporated), Solubility and Viscosity of developmentalrefrigerants,KCD-9430and KCD-
R-134a Refrigerant/Lubricant Mixtures, ASHRAE 9433. Both are ternary zeotropic blends, R-
Jouma/, American Society of Pleating,Refrigerat- 22/R-152a/R-114 (36/24/40) and R-22/R-152a
ing, and Air-ConditioningEngineers(ASHRAE),At- /R-124 (36/24/40), respectively.Measurements
lanta, GA, pages 37-38, February 1991 (2 pages were made usinga modified Falex pin and v-
with3 figures,RDB2230) block test machine, with refrigerantbubbled

throughthe lubricant;the test procedure is out-
N. A. Van Gaalen, S. C. Zoz, and M. B. Pate (Iowa lined. Failure loads are tabulated for the lubri-
State Universityof Science and Technology),The cant alone, with R-12 for comparison, and with
Solubilityand Viscosity of Solutions of R-502 in the two blends. Data are provided for the neat
a Naphthenic Oil and in sn Alkylbenzene at High lubricant, with two unidentifiedadditives, and
Pressures and Temperatures, paper 3519 (580- with both additives together. The document
RP), Transactions, American Society of Heating, concludesthat the alkylbenzenelubricantwith
Refrigerating, and Air-Conditioning Engineers additives provides acceptable lubrication with
(ASHRAE), Atlanta, GA, volume 97, part 2, pages either blend. The refrigerant-lubricant mixtures
285-292, 1991 (8 pages with 14 figures and 2 ta- were deemed suitable for further compressor
bles, RDB2344) durability testing.

N. A. Van Gaalen and M. 8. Pate, Methods of Measurement of Solubility, Viscosity, and Den-
Measuring the Solubility and Viscosity of Lubri- sity of Synthetic Lubricants in HFC-134a Mix-
cating Oil/Refrigerant Mixtures, report ISU-ERI- tures, research project 716-RP, American Society
Ames-91191 (ASHRAE580-RP), Iowa State Univer- of Heating, Refrigerating,and Air-ConditioningEn-
sity of Science and Technology, Ames, lA, 1991 gineers (ASHRAE),Atlanta,GA, September 1991 -
(RDB2345) October 1992 (ASH0716)
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This project addressesthe gas solubility(refrig- used in air-conditioning and refrigeration sys-
erant concentration),density,and viscosityof R- tems. Chemical stabilitytest resultsare tabu-
134a in solutionswith syntheticlubricants. The latedfor two paraffinicand one naphthenicmin-
pressuresand temperaturesfor these determi- eral oils and an alkylbenzene lubricant (ali
nations will range from 70 to 3450 kPa (10-500 unidentified) with R-12 and the two zeotropes.
psia) and -25 to 125 °C (-13 to 257 °F). The Qualitative findings are presented for liquid
contractor for the project is Imagination Re- color, effect on metals, and copper plating;
sources, Incorporated, led by R.C. Cavestri; it is quantitative data are included for chloride and
sponsored by Technical Committees 3.4, Lubri- fluoride ion content. The bulletin concludes that
cation, and 8.1, Positive Displacement Com- the blend/alkylbenzene combination is more
pressors, stable than R-12/mineral oil systems and that

the blend containing R-124 (KCD-9433) is more
Methods of Measuring the Solubility and Via- stable than that containing R-114 (KCD-9430).
cosity of Lubricating Oil-Refrigerant Mixtures at Furthertestneedsare brieflysummarized.
High Discharge Pressures and Temperatures,
research project 580-RP, American Society of Real Time Determination of Lubricant Concen-
Heating, Refrigerating,and Air-ConditioningEngi- trations Dissolved in Alternative Refrigerants,
neers (ASHRAE), Atlanta, GA, June 1988 (ASH- proposedresearchproject 761-TRP,AmericanSo-
0580) ciety of Heating, Refrigerating, Air-Conditioning

The contractor for the project was Iowa State Engineers (ASHRAE), Atlanta, GA, in planning
Universityof ScienceandTechnology,led by M. (ASH0761)
B. Pate. The project was sponsored by Tech- This project will evaluate three means of mea-
nical Committees3.4, Lubrication, and 8.1,Pos- suringthe concentrationof lubricantscirculating
itive Displacement Compressors. [see RDB- in refrigerationsystems. The apparatusto be
2344 and RDB2345forfindings] addressedinclude a viscometer,a densimeter,

and an acousticvelocitysensor. The project is
Oils for Alternative Refrigerants, document a follow-upto a prior project, Real Time Deter-
ARTD-11, E. I. du Pont de Nemoursand Company, mination of Concentration of Oil Dissolved in
Incorporated, Wilmington, DE, undated circa 1990 Refrigerant Flow Stream Without Sample Re-
(4 pages, available from JMC as RDB0540) moval (365-RP, see ASH0365), completed in

This bulletin reviews the properties desired in January 1988. Three alternative refrigerants will
developmental lubricants, including acceptable be evaluated, including R-123, R-134a, and athird to be determined. Each will be tested with
solubility, lubricity, stability, compatibility, toxic- two lubricants in concentrations of 0-6% at tem-
ity, and cost. Test results are reported for non-
proprietary oils with ternary zeotropic blends peratures representative of condenser outlets,
and for proprietary lubricants with R-134a. The namely 24-49 °C (75-120 °F). This project issponsored by ASHRAE Technical Committee
solubility of four unidentified polyalk'ylene gly- 1.2, Instruments and Measurements. Further
cols (PAGs) with different viscosities, covering information is available from the ASHRAE Man-
appliance through automotive applications, are
plotted for mixtures with R-134a. Their phase ager of Research (+ 1-404/636-8500).
separation indicates incomplete solubility, as
contrasted to full solubility for mineral oils used Solubility of R-123 and R-134a in Oils, Carrier
with R-12. Implications on flow, heat transfer, Corporation, Syracuse, NY, September 1989 (3
and oil return are briefly mentioned. The results pages with 3 figures, available from JMC as RDB-
of stability tests with aluminum, copper, and 0014)
steel coupons are tabulated for R-12 with both Two figures summarize the solubility of R-123
naphthenic and paraffinic mineral oils and for R- with Mobil DTE 26 and Mobil DTE Heavy
134a with a PAG. One test with nylon also pre- Medium mineral oils for -29 to -23 °C (-20 to -10
sent is included. The results indicate that the R- °F). Critical solution temperatures are shown for
134a and PAG system has acceptable stability, solutions of 70-95% R-134a in unidentified 300
Plans for ongoing and future tests are noted, and 750SUS polyglycol lubricants.
Solubility and lubricity tests for mineral oils and
alkylbenzenes with ternary zeotropic blends, Solubility of Refrigerant in Lubricants: HFC-
comprising R-22/R-152a/R-114 (36/24/40) and 134a, report NIST-3, Freon(R)Products Laboratory,
R-22/R-152a/R-124 (36/24/40), are briefly re- E.I. du Pont de Nemours and Company, Incorpo-
viewed. They indicate that the mineral oils did rated, Wilmington, DE, undated circa 1989(3 pages
not meet solubility goals. The blend and alkyl- with 2 tables, available from JMC as RDB0533)

benzene systems did not perform favorably Solubility data for R-134a are presented for a
without additives, but responded well with addi- range of lubricants based on tests run from -50
tion of extreme pressure (EP) additives already to +93 °C (-58 to 199 °F). Mixtures of 30, 60,

I please see pages 4-6 for ordering information i
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and 90% refrigerantby weightwere tested with THERMOPHYSICAL PROPERTIES
the lubricantsin air-freesealedtubes. Solubility
was determined, following a minimum of 15
minuteswith agitation at each temperature;the D. Arnaud, L. Niveau, and S. Wosinski(Atochem
blends were considered immisciblewhen they Groupe Elf Aquitaine), Comparison of Thermo-
acquired and retained schlieren lines, formed physical Properties of HFC 125, 32, and 143a,
floc, or formed two liquidlayers. The lubricants Proceedings of the 1992International Refrigeration
include a polychlorotrifluoroethylene(Halocar- Conference - Energy Efficiency and New Refr/ger-
bon blend700/95-6.7/93.3 500 SUS), four per- ants, edited by D. R. Tree and J. E. Braun,Purdue
fluorinatedpoly alkyl ether oils (Krytox(R)GPL University, West Lafayette, IN, volume 2, pages
150 and 480 SUS and Fomblin(R)Y 25/5 and Z- 375-383, July 1992 (9 pages with 4 figures and 4
15, both 417 SUS), and DaikinDemnum(R)S-65 tables,RDB2820)
300 SUS), dipentaerythritolestersof fattyacids
(He.rcules240 and 290 SUS), PEG estersof fatty This paper providesproperty data for R-32, R-
acids (CPI Engineering144, 620, and 830 SUS), 125, and R-143a. These data are provided to
naphthenicoils (Suniso(R)5GS 500 SUS 38% predict the propertiesof their mixturesas re-
aromatic,Witco 500 SUS and two experimental placementsfor R-502, an azeotrope containing
oilsat 520 SUS 47% aromaticand 529 SUS 75% R-22 and R-115. Critical properties, solubility,
aromatic), paraffinic oil (BVM-100N 500 SUS), flammability,ozone depletion potential (ODP),
three alkyl benzenes (Zerol 300 SUS, Conoco and global warmingpotential (GWP) are com-
DN600 125 SUS,and Nippon OilAtmosHAB15F pared for the three hydrofluorocarbons(HFCs)
78 SUS), and three siliconeoils (UnionCarbide to thoseof R-502. Transport properties, includ-
L-45 163, 231, and 462 SUS). ing thermal conductivity,viscosity,surfaceten-

sion, and specific heat are similarlycompared.
The Compatibility of Metals with "Klea"(TM)134,1 Tabulardata are providedfor compatibilitywith
and Ester or PAG Based Lubricants, technical polychloroprene(neoprene),nitrilebutyl rubber
note3, ICI AmericasIncorporated,New Castle,DE, (NBR),and polyethylenechlorosulfone(Du Pont
USA, August 1990 (5 pages with 3 tables, RDB- Hypalon(R))elastomers. Miscibilityalso is com-
2517) pared for R-502 and the three HFCs with

unidentifiednaphthenicmineraloil and neopen-
The corrosionratesof metalsand commentson tyl polyesterandalkylbenzenelubricantsin80%
their appearance are tabulated for selected and 5% lubricant concentrations. A series of
metals, following exposures to R-134a and two plots provide the vapor pressure, saturated liq-
lubricants for 14 days at 200 °C (392 °F). The uid density, liquid viscosity, and liquid thermal
lubricants tested were DE184 (32 cSt at 40 °C) conductivity for -60 to +60 °C (-76 to 140 °F)'.
with 90 ppm water and DE214 (14 cSt at 40 °C) The paper reviews the design changes required,
with 246 ppm water. The metals include cop- but concludes that only few adaptations will be
per, 60/40 brass, OHFC copper, grade 12 cast needed for either retrofit or new uses of these
iron, aluminum (99.6%), and aluminum alloys fluids.
LM2 and LM24. Weight gain, indicating that the
lubricant has entered the porosity of the metals, R.S. Basu, I. R. Shankland, and R. G. Richard
was observed for cast iron and the aluminum (Allied-Signal Incorporated), Thermodynamic and
alloysfor lubricantDE184 and also for the alu- Transport Properties of 1,1,1,2-Tetrafluoro-
minumfor DE214. The report notesthat chemi- ethane (R-134a) - An AlternativeCFC Substitute
cal reactionof the metalliccoupons is negligi- in Refrigeration and Air Conditioning, presented
ble. lt suggeststhat the effect of corrosion paper (AIChE WinterAnnualMeeting,Washington,
productsdue to tribologicalwear causestheir DC, 1988), BuffaloResearchLaboratory,Allied-Sig-
corrosionratherthan a straightchemicalattack, nal Incorporated,Buffalo,NY, November 1988 (26
The experimentalapproachis brieflyoutlined. A pages,RDB0515)
table is provided to facilitate comparisonsof
BritishStandard and ASTM designations,since R.S. Basu and D. P. Wilson(Allied-SignalIncorpo-
the test specimenswere obtained according to rated), Thermophysical Properties of 1,1,1,2-
the former. Tetrafluoroethane (R-134a), International Journal

of Thermophysics, CatherinePress, Limited, Brug-
ge, Belgium,volume 10, number3, pages 591-603,
May 1989 (13 pages, RDB0514)

N. F. Carnahan and K. E. Starling, Intermolecular
Repulsions and the Equation of State for Fluids,
AIChE Journa/, AmericanInstituteof Chemical En-
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gineers (AIChE), New York, NY, volume 18, pages report DOE/CE/23810-2A, Air-Conditioning and
1184 rf, 1972 (RDB2333) Refrigeration Technology Institute (ARTI),Arlington,

VA, April 1992 (9 pages with 4 figures, available
R. F. Kayser (National Institute of Standards and from JMC as RDB2511)

Technology, NIST), Thermophysical Properties, This interim report introduces a project to pro-
report DOE/CE/23810-3A, Air-Conditioningand vide highly accurate, selected thermophysical
RefrigerationTechnologyInstitute(ARTI),Arlington, properties data for R-32, R-123, R-124, and R-
VA, July 1992 (52 pages includinga 6-page report 125. Thethermodynamicdata also will be fit to
and two appended draft papers, available from modified Benedict-Webb-Rubin (MBWR) and
JMC as RDB2801) improved Carnahan-Stading-DeSantis (CSD), or

This progress report provides an update on a Carnahan-Starling-DeSantis-Morrison (CSDM),
project to provide highly accurate, selected equations of state for each fluid. The CSDM
thermophysical properties data for R-32, R-123, equation takes into account the effects of the
R-124, and R-125. The thermodynamic data dipole moment to improve modelling of blends
also will be fit to modified Benedict-Webb-Rubin of very polar fluids, such as R-32/134a. Viscos-
(MBWR) and improved Carnahan-Starling-De- ity and thermal conductivity data for R-32 and
Santis (CSD), or Carnahan-Stading-DeSantis- thermal conductivity data for R-123 will be cor-1
Morrison (CSDM), equations of state for each related for use in transport property models.
fluid. The CSDM equation takes into account Measurements in this reporting period have fo-
the effects of the dipole moment to improve cused on the PVT behavior and vapor pressure
modelling of blends of very polar fluids, such as of R-32, thermal conductivity of R-123, and
R-32/134a. Viscosity and thermal conductivity speed of sound in R-124. Plots compare the
data for R-32 and thermal conductivity data for measured arid calculated vapor pressure data
R-123 will be correlated for use in transport for R-32 and measured thermal conductivity of
property models. Measurements in this report- R-123 with similar data from prior studies by
ing period have focused on the PVT behavior, other researchers. The report also summarizes
isochoric heat capacity, and transport proper- ongoing property measurements and modelling
ties of R-32 and on the thermal conductivity of for the same fluids in companion research.
R-123. Measurements for R-32, based on Bur- (See RDB2801for update)
nett apparatus, are described. A draft paper
entitled "Ebulliometric Measurement of the Va- H. Kubota, Y. Tanaka, T. Makita, H. Kashiwagi, and
por Pressure of Difluoromethane (R-32)," sub- M. Noguchi, Thermodynamic Properties of 1-
mitred to the Journal of Chemical and Engi- Chloro-l,2,2,2-Tetrafluoroethane (R-124), In-
neering Data, is appended. Measurements of ternational Journal of Thermophysics, Plenum
the molar heat capacity using an adiabatic Publishing Corporation, Brugge, Belgium, volume
calorimeter, of thermal conductivity using a low- 9, pages 85-101, 1988 (RDB2332)
temperature transient hot-wire instrument, and
shear viscosity using a torsional quartz crystal P.B. Logsdon, E. A. E. Lund, I. R. Shankland, and
viscometer are outlined. The pressure and liq- R.R. Singh (Allied-Signal Incorporated), Properties
uid densities of R-32/134a and R-32/152a were of a Zero ODP Azeotropi¢ Refrigerant Blend,
determined at the bubble points of these mix- HFC-125/HFC-143a, Proceedings of the Intema-
tures in a related project. The thermal con- tional CFC and Halon Alternatives Conference
ductivity of R-124 was measured in the liquid (Washington, DC), Alliance for Responsible CFC
and vapor phases, and a draft paper entitled Policy, Arlington, VA, pages 47-54, Saptember 1992
"Thermal Conductivity of 2-Chloro-l,1,1,2- (10 pages with 1 figure and 7 tables, RDB2A02)
Tetrafluoroethane (R-124)," submitted to the In-
ternational Journal of Thermophysics, also is M.O. McLinden (National Institute of Standards
appended. Thermal conductivity measurements and Technology, NIST), Physical Properties of
of R-125 in the vapor, liquid, and supercritical Alternatives to the Fully Halogenated Chloro-
phases are outlined as are viscosity measure- fluorocarbons, Transactions, National Institute of
ments for both R-124 and R-125. The thermal Standards and Technology, Boulder, CO, 1989
conductivity measurementsof R-123,using low- (RDB0906)

and high-temperature transient hot-wire instru- The properties of nine halogenated hvdrocar-
ments, also are described. The agreement be- bons are collected from a variety of sources, in-
tween newly acquired property data are com- cluding unpublished data. These data are evai-
pared to those resulting from other identified in- uated and correlated. Considered are the triple
vestigations, generally indicating more complete point, normal boiling point, and critical point pa-
and much more precise findings, rameters and the temperature dependence of

the vapor pressure, saturated liquid density, sol-
R. F. Kayser (National Institute of Standards and
Technology, NIST), Thermophysical Properties,

I pleasesee pages4-6 for orderinginformationI
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ubilityinwater,and hydrolysisrates. The fluids, R.R. Singh, E. A. E. Lund, and I. R. Shankland,
whichare potentialalternativesto the fully halo- (Allied-Signal Incorporated), Thermophysical
genated chlorofluorocarbons,are R=22,R-123, Properties of HFC-32, HFCo125, and HFC-
R.124, R-125, R-124, R-134a, R-141b, R-142b, 32/HFC-125, unidentifiedpublication(8 pages with
and R-152a;also included is the solventR-140a 3 figuresand4 tables,RDB2234)
(methylchloroform).

I.. A. Weber (National Institute of Standards and
G. Morrisonand D. K. Ward (National Institute of Technology,NIST),Thermophysical Properties of
Standards and Technology, NIST), Thermody- Some Selected Alternative Refrigerants, presen-
namic Properties of Two Alternative Refriger- tation at the 1990 USNC/llR-Purdue Refrigeration
ants, 1,1-Dichloro-2,2,2-Trifluoroethane (R-123) Conferenceand ASHRAE-PurdueCFC Conference
and 1,1,1,2-Tetrafluoroethane (R-134a), publica- (PurdueUniversity,West Lafayette,IN, July 1990);
tion unknown, undated (38 pages with 11 figures published in the Proceedings of the 1992 /nter-
and 7 tables,availablefromJMC as RDB0907) national Refrigeration Conference - Energy Efr#

This paper describes property measurements ciency and New Refrigerants, edited by D. R. Tree
for R-123and R-134a. A simple variable-volume and J. E. Braun,Purdue University,West Lafayette,

IN, volume2, pages703-712, July 1992 (10 pagessapphirecell was used to obtain vapor-liquid-
equilibrium measurements. Vapor pressures with 8 figuresand 1 table, availablefrom JMC as
and saturationliquiddensitiesare presentedfor RDB0908)
R-134a from -5 °C (2J °F) to the criticaltemper- Researchon thermophysicalpropertiesfor six
ature, and for R-123 at 30-100 °C (85-210 °F). candidate alternative refrigerants is summa-
Saturation vapor density was also determined rized. Propertiesmeasured include gas- and
for R-134a from35 °C (95 °F) to the critical point, liquid-phasePVT, vapor pressure,surface ,en-
wherethe criticalconditions were measured. A sion, index of refraction, diele_ctricconstant,
mechanical oscillatordensimeterwas used to gas-phase speed of sound, critical parameters
provide density measurements of the com- and materialscompatibility. Resultshave been
pressed liquids. These measurementsare pre- obtained for R-123, R- !5, R-134, r'_-134a,and
sented from the saturationpressureto 5.5 MPa R-141b;somepropertiesha_,._beer1obtainedfor
(800 psi) for R-134aand to 3.5 MPa (500 psi) for E-134.
R-123 at 5-95 °C (40-200 °F). Resultsare sum-
marized and compared with similar mea- I_ A. Weber (National Institute of Standard_ sr"
surementsmade by othergrGups. Technology, NIST), Vapor Pressures and G&_-

Phase PVT Data for l_l,_,2_Tetrafluoroethane,
R. L. Shank (UnionCarbide Corporation),Thermo- International Journal of Ther, .oohysics, Plenum
dynamic Properties of 1,1,1,2,2-Pentafluoro- PublishingCorporation,Brugge, Belgium,volume
propane (Refrigerant 245c1:)),Journal of Chemic_t 10, number 3, pages 617_,27, May 1989 (12 pages,
and Engineering Data, AmericanChemical Society RDB0909)
(ACS), volume 12, number4, pages 474-480, Oc- New data for the vapor pressureand PVT sur-
tober 1967 (7 pages with 4 figures and 5 tables, face of R-134a in the temperaturerange of _X)-
RDB2506) 150 °C (104-302 °F) are presented. The PV'I"

Thermodynamic properties are presented for data are for the gas phase at densitiesup to
the saturated liquid ar,_lvapor of R-245cb from one-halfcritical. Densitiesof the saturated va-
-40 °C (-40 °F) to the critical temperature, por are derived at five temp .ratures from the
106.96 °C (224.52 °F): a pressure-enthalpydia- intersectionsof the experimentalisochoreswith
gram is included. The criticalproperties,coeffi- the vapor pressurecurve. The data are repre-
cients for a Benedict-Webb-Rubin(BWR) equa- sentedanalyticallyin order to demonstrateex-
tionof state,a vapor-pressureequation,a liquid- perimentalprecisionand to facilitatecalculation
density eqL_tion,and a heat-capacityequation _,fthermodynamicproperties.
are given. Data also are providedfor the super-
heated vaporfrom the saturationtemperatureto L.A. Weber (National Institute of Standards and
371 °C (700 oF). The properties listed are vol- Technology, NIST), Vapor Pressures and Gas-
ume, enthalpy, entropy, heat capacity at con- Phase PVT Data for 1,1-Dichloro-2,2,2-Trifluoro-
stantpressure,and heat capacity ratioas func- ethane, Journal of Chemical and Engineering
tions of temperature and pressure. Pressure- Data, American Chemical Society (ACS), volume
volume isothermsare plotted for both the high- 35, ntpmber3, pages 237-240, July 1990 (4 pages
densityand critical regions. These properties with2 figuresand 4 tables, RDB0910)
were calculated from measuredvolumetricand New data for the and gas-phasePVT surfaceof
spectraldata; the experimentalproceduresand R-123 inthe temperaturerange 338-453K (149-
calculationsare described. 356 °F) at densities up to 0.67 moi/L are pre-

sented. The data have been representedana-
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lyticallyto demonstratethe precisionand to fa- nated polyethylene (Du Pont Hypalon(R)40),
cilitatecalculationof thermodynamicproperties, polyvinyl alcohol (PVA), fluoroelastomers(Du

Pont Viton(R)A and B), and urethane rubber.
Revision of the ASHRAE "ThermophysicalProp- Published safety data, including toxicity and
erttee of Refrigerants', research project 558-RP, flammability, are summarized. The volume
AmericanSocietyof Heating,Refrigerating,andAir- containsan extensivelist of referencesas well
ConditioningEngineers(ASHRAE),Atlanta,GA,De- as discussion of the ranges and differences
cember 1987- ongoing (ASH0558) among property sources identified. An intro-

The contractoris Purdue University,led by P.E. ductory section outlines conversions among
Lilley; it is sponsored by ASHRAE Technical several metricsystems, includingSI, and inch-
Committee 3.1 Refrigerants and Brines. pound units. An appendix summarizesquality

' requirements for compliance with the Japanese
Industrial Standards (JIS) and specifically JIS

Thermophysical Properties of Pure Substances
and Mb_turesfor Refrigeration, proceedingsof the K1517-1973.

meeting of IIR CommissionsB1 (Herzlia, Israel, Thermophysical Properties of Refrigerants (R-
Marc,i 1990), InternationalInstituteof Refrigeration, 13B1, Bromotrifluoromethane), Japanese Asso-
Paris, France, 1990 (278 p_,.:jeswith 33 papers, ciationof Refrigeration,Tokyo, Japan, March 1989
RDB1103) (162 pages with 25 figures and 50 tables in both

Thermophysical Properties of Refrigerants (R- JapaneseandEnglish,RDB0402)
12, Dichlorodifluoromethane), Japanese Associ- This comprehensivevolume summarizescriti-
ation _f Refrigeration,Tokyo, Japan, August 1981 cal, thermodynamic,transport, physical,chemi-
with,errata dated 1.986(160 pages with 23 figures cal,compatibility,and otherdata availableon R-
_=nd90 tables in both Japaneseand English,RDB- 13B1. Includedare tabulardata and/or plotsfor
0401) PV'I"properties,enthalpy,entropy, isobaricand

This c,_:,rn_rehensivevolume summarizes criti- isochoric specific heat capacity, specific heat
cai, _,_ermodynamic,transport, physical, chemi- ratio, speed of sound, surface tension, viscosity,
cal, compatibility,and other data available on R- kinematic viscosity, thermal conductivity, ther-
12. Included are tabular data and/or plots for mal diffusivity, Prandtl number, solubility, re-
PVr properti_s, enthalpy, entropy, isobaricand fractive index, dielectricconstant,volume resis-
isochc,r;_ specific heat capacity, specific heat tivity, and dielectric strength. An equation ofstate is presented and compared to other equa-ratio, si_e._l of sound, surface tension, viscosity,
kinematic viscosity, thermai conductivity, ther- tions and data. Relations also are presented for
mal diffusivL_,'y,Prandtl number, solubility, re- key equilibrium properties. Date are tabulated
fractiva index, d:..,iectrtcconstant, volume resis- for the solubility of R-13B1 in both a naphthenic

mineral oil and a synthetic polyglycol lubricant.
tivity, and dielectric strength. A 32-term poly- Limited stability and compatibility data are out-nomial equation of state is iJ_esentedand com-
pared to other equations and data. Relations lined. Published safety data, including toxicity
also are presented for key equilibrium proper- and flammability, are summarized. The volume
ties. Data are tabulated (or the solubility of R-12 contains an extensive list of references as well
in water, moisture contents of saturated R-12 as discussion of the ranges and differences
liquid and vapor, and R-12 in a naphthenicmin- among property sources identified. An intro-
eral oil. Data, including decomposition prod- ductory section outlines conversions among
ucts by pyrolysis and hydrolysis rates, are pro- several metric systems, including Sl, and inch-
vided on the stability of R-12 in the presence of pound units. An appendix addresses compli-

ance with the Japanese Industrial Standards
metalsand oil. Linearswell,weightchange,and (JIS), noting that the quality of R-13B1 is notobse_ationsare provided for R-12with plastics
including polytetrafluoroethylene(PTEF), tetra- covered;requirementsfor the qualityof R-13B1as a fire extinguishant,Halon 1301, under an
fluoroethylene-hexafluoropropylenecopolymer, ordinanceof the Ministry of Home Affairs are
polyethylene, polyvinyl alcohol, polypropylene,
polyvinylchloride(PVC), polyvinylidenechloride, summarized. R-13B1 also is regulated as a
nylon resin, acrylic resin (polymethacrylate), "liquifiedgas" by the Japanese Regulationon
polystyrene, phenolic resin,epoxy resin,acetal High-PressureGases.

resin, cellulose acetate, cellulose nitrate,acryl Thermophysical Properties of Refrigerants (R-fiber, and polyesterfiber. Linearswell data are
tabulatedfor neat R-12,oil, and a 50/50 mixture 22, Chlorodifluoromethane), Japanese Associa-
with elastomers including neoprene W, neo- tion of Refrigeration,Tokyo,Japan, November1975

with errata dated 1986 (164 pages with 22 figures
prene GN, neopreneRT, Buna(TM)N, Buna(TM) and 78 tablesin bothJapanese and English,RDB-S, naturalrubber, polysulfiderubber,epicllloro-
hydrin rubber, butyl rubber GR-I, chiorosulfo- 0403)

I please see pages 4-6 for ordering information I



This comprehensive volume summarizes criti- Thermophysical Properties of Environmentally
cal, thermodynamic,transport,physical,chemi- Acceptable Fluorocarbons - HFC-134a and
cal, compatibility,and otherdata availableon R- HCFC-123, Japanese Associationof Refrigeration
22. Included are tabular data and/or plots for and Japan Flon Gas Association,Tokyo, Japan,
PVT properties, enthalpy,entropy, isobaricand 1991 (304 pages with 83 figures and 99 tables in
isochoric specific heat capacity, specific heat both Japaneseand English,RDB2235)
ratio, speedof sound, surfacetension,viscosity, This comprehensive volume summarizes criti-
kinematic viscosity, thermal conductivity, ther- cal, thermodynamic,transport, physical,chemi-
mal diffusivity, Prandtl number, solubility, re- cal, compatibility,and other data available on R-
fractive index, dielectric constant,volume resis- 123 and R-134a. Included are tabular data
tivity, and dielectric strength. An equation of and/or plots for solubility, refractive index, di-
state is presentedand compared to otherequa- electricconstant, dielectric strength, PVT prop-
tionsand data. Relationsalsoare presentedfor ertiesand equationsof state,enthalpy, entropy,
key equilibrium properties. Published safety isobaric and isochoric specific heat capacity,
data, including toxicity and flammability, are isentropicexpansionexponent, speedof sound,
summarized. The volume containsan extensive surface tension, viscosity, kinematic viscosity,
list of references as well as discussionof the and thermal conductivity. Data on thermal and
rangesanddifferencesamong propertysources chemical stability are summarized, including

.. identified. An introductorysection outlinescon- weightand length changes with polypropylene,
versions among several metric systems, in- polystyrene, polyethylene, polyvinylchloride,
cludingSI, and inch-poundunits, polyamide, polyimide, chlorinated and chloro-

sulfonated polyethylene, nitrile butadiene rub-
Thermophysical Properties of Refrigerants (R- ber, Butyl(TM) rubber, fluorocarbon rubber,
114, 1,2-Dichlorotetrafluoroethane), Japanese ethylene propylene diene terpolymer (EPDM),
Associationof Refrigeration,Tokyo, Japan, March urethane rubber, and polychloroprene. Safety
1986 (162 pages with 23 figures and 46 tables in data, including toxicity and flammability, are
both Japaneseand English,RDB0404) summarized. The volumecontainsan extensive

This comprehensive volume summarizes criti- list of references as well as discussionof the
cal, thermodynamic, transport,physical,chemi- rangesand differencesamong propertysources
cal, compatibility,and otherdata available on R- identified. An introductorysectionoutlinescon-
114. Included are tabular data and/or plots for versions among several metric systems, in-
PVT properties, enthalpy,entropy, isobaricand cludingSI, and inch-poundunits, lt alsoreviews
isochoric specific heat capacity, specific heat the environmentalconcerns with chlorofluoro-
ratio,speed of sound, surfacetension,viscosity, carbon (CFC) refrigerants.
kinematic viscosity,thermal conductivity, ther-
mal diffusivity, Prandtl number, solubility, re- Thermophysical Properties of Refrigerants (R-
fractive index,dielectricconstant,volume resis- 502, Azeotrope of R-22 and R-115), JapaneseAs-
tivity,and dielectricstrength. An extended Mar- sociationof Refrigeration,Tokyo, Japan, November
tin-Houequationof stateis presentedand com- 1986 (164 pages with 21 figuresand 44 tables in
pared to other equations and data. Relations bothJapaneseand English,RDB0405)

also are presented for key equilibriumproper- This comprehensive volume summarizes criti-
ties. Data are tabulated for the solubilityof R- cal, thermodynamic,transport, physical,chemi-
114 in water, moisture contents of saturated R- cal, compatibility,and otherdata availableon R-
114 liquid and vapor, and R-114 in both a 502, an azeotrope comprising48.8% R-22 and
naphthenicmineral oil and a syntheticpolyper- 51.2% R-115 by weight. Included are tabular
fluoroetherlubricant. Limiteddata on hydrolysis data and/or plots for PVT properties,enthalpy,
rates,stabilityof R-114 inthe presenceof metals entropy, isobaric and isochoric specific heat
and oil, and compatibilitywith other materials capacity, specific heat ratio, isentropicexpan-
are outlined. Published safety data, including sion exponent,speed of sound,surfacetension,
toxicity and flammability,are summarized. The viscosity, kinematic viscosity, thermal conduc-
volume containsan extensive list of references tivity, thermal diffusivity,Prandtl number, solu-
as well as discussionof the ranges and differ- bility, refractive index, and dielectric constant.
ences among property sources identified. An An extended Benedict-Webb-Rubin (BWR)
introductory section outlines conversions equationof state is presentedand compared to
among severalmetricsystems, includingSI, and other equations and data. Relationsalso are
inch-pound units. An appendix summarizes presented for key equilibriumproperties. Data
quality requirements for compliance with the are tabulatedfor the solubilityof water in R-502
Japanese Industrial Standards(JIS) and specifi- and of R-502 in alkytbenzenelubricant. Limited
callyJIS K1528-1982. R-114 alsois regulatedas data are providedon the stabilityof R-502 inthe
a "liquifiedgas"by the Japanese Regulationon presence of metals and oil and on linear swell
High-PressureGases.
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for neoprene GN, Buna(TM)N, natural rubber, the 1992 International Refrigeration Conference -
GR-I, GR-S, and polysulfiderubber. Published Energy Efficiency and New Refrigerants, edited by
safety data, includingtoxicityand flammability, D.R. Treeand J. E. Braun,PurdueUniversity,West
are summarized. The volume containsan ex- Lafayette, IN, volume 2, pages 473-478, July 1992
tensivelistof referencesas wellas discussionof (6 pageswith 8 figures,RDB2830)

the ranges and differences among property R-32/R-134a, R-32/R-152a
sources identified. An introductorysection out-

lines conversions among several metric sys- P.A. Domanski and D. A. Didion, Impact of Refrig-
tems, including Sl, and inch-pound units. An erant Property Uncertainties on Prediction of
appendix addresses compliance with the Japan- Vapor Compression Cycle Performance, report
ese Industrial Standards (JIS), noting that the NBSIR86-3373, National Institute of Standards and
quality of R-502 is not covered; JIS K1528-1982 Technology (then the National Bureau of Stan-
requirements for the quality of R-22are summa- dards), Gaithersburg, MD, December 1986 (54
rized, pages, RDB0922)

Thermophysical Properties of Refrigerants 123 This paper presents a sensitivitystudy of a va-
and 134==,proposed research project 655A-TRP, por-compressioncycle in the form of a heat
AmericanSociety of Heating,Refrigerating,and Air- pumpoperatinginthe coolingmode. The study
ConditioningEngineers(ASHRAE),Atlanta,GA, in was performedwith the aid of a detailedsimula-
planning(ASHO655A) tion model; runswere made for different para-

This projectis sponsoredbyASHRAETechnical metricvaluesandthe capacity and power inputwere compared with resultsof a run usingan
Committee3.1, Refrigerantsand Brines. unchangedvalue of the parameters.The effects

on evaporator and condenser pressures, and
Thermophyaical Properties of Refrigerants 125 refrigerantmass flow rate are given. The inde-
and 141b, proposed research project 655B-TRP, pendentvariables includethermodynamic and
AmericanSociety of Heating, Refrigerating,andAir- transport properties, as well as the refrigerant
ConditioningEngineers(ASHRAE),Atlanta,GA, in flow, heat transfer, and pressure drop coef-

:: planning(ASHO655B) ficients. The parameters which had the most
This project is sponsoredbyASHRAETechnical effecton systemperformancewereliquidtrans-
Committee3.1, Refrigerants and Brines. port properties,evaporativeheattransfercoeffi-

cient,and vapordensity.

J. Gallagher, M. O. McLinden, and G. Morrison,
REFPROP, A Program for the Calculation of the

THERMODYNAMIC Thermodynamic Properties of Refrigerants and
Refrigerant Mixtures, NIST Standard Reference

H. D. Baehr (UniversitStHannover),New Refriger- Database23 version2.0, NationalInstituteof Stan-
ants, Research Into Their Thermodynamic Prop.. dards and Technology,Gaithersburg,MD, March
erty Data, Proceedings of the 3rd International En- 1991 (software and documentation available from
ergy Agency Heat Pump Conference (Tokyo, NIST, RDB1105)
Japan,12-15 March 1990) edited byT. Saito and Y.
Igarashi, Pergamon Press, Elmsford, NY, pages Version2.00 of REFPROP calculatesproperties
243-251, 1990 (12 pageswith 1 figureand 3 tables, for 18 pure refrigerantsand 24 binary mixtures
RDB0406) of them in user-selectedunitsof measurement.

These refrigerantsinclude R-11, R-12, R-13, R-
M. Barretand Y. Candau (Universit_ParisXll-Val 13B1,R-14, R-22, R-23, R-113, R-114, R-115,R-
de Marne, France), Thermodynamic Properties 123, R-124, R-125, R-134, and R-134a, R-142b,
Computation of Two Possible Substitute Refrig- R-152a, and R-C270. This versionhas been su-
erants, Proceedings of the 1992 International Re- perseded;see RDB2430.
frigeration Conference - Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J.E. J. Gallagher, M. O. McLinden, and G. Morrison,
Braun,Purdue University,West Lafayette, IN, vol- REFPROP, A Program for the Calculation of the
ume 2, pages 433-442, July 1992 (10 pages with3 Thermodynamic Properties of Refrigerants and
figuresand 7 tables,RDB2826) Refrigerant Mixtures, NIST Standard Reference

Database23 version1.02, NationalInstituteof Stan-
D. R. Defibaughand G. Morrison(NationalInstitute dards and Technology,Gaithersburg,MD, 28 Sep-
of Standardsand Technology,NIST),Compressed tember 1990 (software and documentation,RDB-
Liquid Densities, Saturated Liquid Densities, 0916)
and Saturation Pressures of Mixtures: Difluoro- Version1.02 of REFPROPcalculatesproperties
methane + 1,1,1,2-Tetrafluoroethane, Difluoro- for 16 pure refrigerantsand 24 binarymixtures
methane + 1,1-Difluoroethane, Proceedings of

please see pages 4-6 for ordering information 1
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of them in user-selectedunitsof measurement. GA,pages 17-31, 1990; republishedin Intemational
These refrigerantsinclude R-11, R-12, R-13, R- Journa/of Refrigeration, Paris, France, volume 13,
13B1,R-14, R-22, R-23, R-113, R-114, R-123,R- number5, May 1990,pages 149-162(15 pages with
124, R-125, R-134, and R-134a, R-142b and R- 29 figuresand5 tables,RDB0912)

152a. This version has been superseded;see Thermodynamic properties, from a variety of
RDB2430. sources including unpublished data, are sum-

marized for ten potential substitutes for CFC re-
X. Guozhen, W. Yezheng, D. Kunxuan, and C. frigerants. The fluids include R-22, R-23, R-32,
Zhong (Xi'an Jiaotong University, China), The Re- R-123, R-124, R-125, R-134a, R-142b, R-143a,
lations Used to Analyze the Phase Equilibrium and R-152a. The data include triple-point,nor-
Properties of Binary Refrigerant Mixtures, Pro- mal boiling point, and critical point parameters,
ceedings of the 1992 International Refrigeration and the temperaturedependence of the vapor
Conference - Energy Efficiency and New Refriger- pressure,saturatedliquiddensity,and ideal-gas
ants, edited by D. R. Tree and J. E. Braun,Purdue data heat capacity. Alsoconsideredare single-
University,West Lafayette, IN, volume 2, pages phase PVT data. The saturationand ideal-gas
425-432, July 1992 (8 pages with 2 figures and 4 data are fit to simplecorrelations.
tables,RDB2825)

M. O. McLinden,J. S. Gallagher,L. A. Weber, G.
M. L. Huberand M. O. McLinden (NationalInstitute Morrison, D. Ward, A. R. H. Goodwin, M. R.
of Standards and Technology, NIST), Thermody- Moldover,J. W. Schmidt,H. B. Chae,T. J. Bruno,J.
namic Properties of R-134a (1,1,1,2-Tetrafluo- F. Ely, and M. L. Huber (NationalInstituteof Stan-
roethane, Proceedings of the 1992 International dards and Technology, NIST), Measurement and
Refrigeration Conference - Energy Efficiency and Formulation of the Thermodynamic Properties
New Refrigerants, edited by D. R. Tree and J.E. of Refrigerants 134a (1,1,1,2-Tetrafluoroethane)
Braun, Purdue University,West Lafayette, IN, vol- and 123 (1,1-Dichloro-2,2,2-Trifluoroethane), pa-
ume 2, pages 453-462, July 1992 (10 pages with4 per 3282 (RP-588),Transactions, American Society
figuresand9 tables,RDB2828) of Heating, Refrigerating,and Air-ConditioningEn-

P. F. Malbrunot, P. A. Meunier, G. M. Scatena gineers (ASHRAE),Atlanta,GA, volume95, part 2,
(Laboratoiredes Hauts Pressions, France), W.H. pages 263-283, 1989 (21 pages,RDB0913)
Meats, K. P. Murphy,and J. V. Sinka (Allied-Signal Thermodynamicpropertiesof R-134aand R-123
Incorporated, then Allied Chemical Corporation), are formulated using a modified Benedict-
Pressure-Volume-Temperature Behavior of Di- Webb-Rubin(MBWR)equationof state fit to ex-
fluoromethane, Journal of Chemical and Engi- perimental measurementsof the critical point,
neering Data, volume 13, number 1, pages 16-21, vapor pressure,saturated liquidand vapor vol-
January 1968 (6 pages with 3 figuresand 7 tables, umes, superheated pressure-volume-tempera-
RDB2310) ture (PVT) behavior, and second virial coeffi-

cientsderived fromPVT and sound speed mea-
The pressure-volume-temperature(PVT) prop- surements. The heat capacity of the idealgas
erties of R-32 are correlated using the Martin- referencestateisdeterminedfrom soundspeed
Hou equationof state to within +_0.94%stan- measurementson the low density vapor. Sur-
dard deviation over the experimental ranges: face tensionsare also presented. The experi-
25-200 °C (77-392 °F), 0.8-20 MPa (120-2900 mental methods and resultsare summarized,
psia), and 47-1.8 cc/g (0.75-0.03 cf/Ib). Vapor compared to the property formulation, and
pressureshave been determined from -83 °C (- compared to othersourcesin the literature. Ta-
117°F) to 78.4 °C (173 °F), the measuredcritical bles and diagramsof the thermodynamicprop-
temperature. Using liquid densitiesmeasured erties of R-123 and R-134a, prepared usingthe
between-25 and +78 °C (-13 and +172 °F) and MBWR equationof state,are presented. While
densitiesof saturatedvapor computed from the the various measurements cover different
Martin-Houequation, a rectilineardiameter line ranges of temperatureand pressure,the MBWR
has been developed. The critical pressureand formulationis applicable in both the liquidand
densityare 5.830 MPa (846 psia) and 430 kg/m3 vapor phases at pressuresup to 10,000 kPa
(26.8Ib/cf), respectively. (1500 psia); the applicable temperature range is

233 to 450 K (-40 to 350 °F) for R-134aand 255
M. O. McLinden (National Institute of Standards to 450 K (0 to 350 °F) for R-123. This paper
and Technology,NIST), Thermodynamic Proper- summarizes the results of ASHRAE research
ties of CFC Alternatives - A Survey of Available projectRP-588.
Data, CFCs: Today's Options - Tomorrow's Solu-

tions (proceedings of ASHRAE CFC Technology I R. C. Miller, A. D. Ceballos,K. R. Hall, and J. C.
Conference, Gaithersburg, MD, 27-28 September I Holste (Texas A&M University), Accurate Vapor
1989), American Society of Heating, Refrigerating,
and Air-ConditioningEngineers(ASHRAE),Atlanta,
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Pressures for Refrigerants, Proceedings of the equationof stateand the ideal gas heat capaci-
1992 international Refrigeration Conference - En- ties. Reference statesare discussed for both
ergy Efficiency and New Refrigerants, edited by D. pure materials and mixtures. Although the
R. Tree and J. E. Braun, Purdue University,West model exhibitsa criticalpoint, it does not quan-
Lafayette, IN, volume 2, pages 479-487, July 1992 titatively represent propertiesin the critical re-
(9 pageswith3 figuresand 2 tables,RDB2831) gion. Despitethis limitation,thismodel can rep-

resent both liquid and gaseous mixturesaway
Y. Monluc, T. Sagawa, H. Sato, and K. W'_tanabe from theirown critical points,evenat conditions
(KeioUniversity,Japan), Thermodynamic Proper- near to and above the critical points of their
ties of HFC-125, paper B101, Proceedings of the components. Algorithms and FORTRAN rou-
Twe/fth Japan Symposium on Thermophysica/ tines for the use of this model are presented
Properties, pages 65-68, 1991 (4 pageswith 5 fig- alongwith the numericalcoefficientsfor 11 pure
uresand 1 table,RDB2427) refrigerantsand 7 mixtures. Routinesfor evalu-

This paper reports experimentaldata for R-125, ating the coefficientsfrom saturationdata are
includingvapor pressureand PVT propertiesin included. Severalexamplesof the applicationofthis equationof state are presentedto demon-
the vapor phase. Vapor pressureswere mea- strate its versatility.The averagedeviationfromsured for 303-339 K (86-151 °F) and correlated;
the critical pressure(3.633MPa, 527.3 psia)also the tabulated saturation properties of the 11pure refrigerantsis 0.54% for pressures,0.09%was determinedbased on a criticaltemperature
previouslydetermined by M. O. McLindenof for liquid volumes, and 0.50% for vapor vol-umes.
339.4 K (151.3 °F). PP'T"propertieswere mea-
sured along five isochoresfor temperaturesof
240-423 K (-27 to 302 °F), pressuresof 1.5-8.6 T.W. Phillipsand K. P. Murphy(Allied-SignalIncor-
MPa (220-1250 psia), and densities of 97-446 porated, then AlliedChemicalCorporation),Liquid

Viscosity of Halogenated Refrigerants, paper
kg/m3 (6-28 Ib/cf). The experimentalapproach 2152, Transactions, American Society of Heating,
and regressionequationare presentedand va- Refrigerating, and Air-Conditioning Engineers
por pressuremeasurementsare tabulated and (ASHRAE),Atlanta,GA, volume 76, part II, pages
plotted. The PV'I"propertiesforthe vaporphase 146-156,June 1970 (12 pageswith 5 figuresand 3
also are plotted and compared to other pub- tables,RDB2315)lisheddata.

Liquidviscositydata are tabulated for R-11, R-
G. Morrisonand J. S. Gallagher (NationalInstitute 12, R-13, R-22, R-114, R-115,R-133a, R-152a,R-
of StandardsandTechnology,NIST), REFPROP:A 500, R-502, R-31/R-114, R-115/R-152a, R-503,
Thermodynamic Properties Software Program R-504,and R-32/R-12.
for Refrigerants and Their Mixtures, publication
unknown,1990 (12 pages with 2 figures,available T.W. Phillipsand K. P. Murphy(Allied-Signalincor
from JMC, RDB0914) porated, then AlliedChemical Corporation),Liquid

This paper introduces REFPROP, a computer Viscosity of Halocarbons, Journal of Chemical
software package that produces tablesof ther- and Engineering Data,volume15, number2, pages
modynamicpropertiesfor 15 refrigerantsand 20 304-307, February1970 (4 pages with 5 figuresand
of their binary mixtures, lt addressesthe Car- 5 tables,RDB2314)
nahan-Stading-DeSantis(CSD) equationof state
chosen for property calculations,the software C-C. Piao, H. Sato, and K. Watanabe (KeioUniver-
subroutines included, and sources used to ob- sity, Japan), Thermodynamic Charts, Tables, and
tain the incorporatedproperty data. The paper Equations for HFC-134a, Transactions, American
compares output to source data for R-123. Society of Heating, Refrigerating,and Air-Condi-tioning Engineers(ASHRAE),Atlanta,GA, volume
(Please see RDB2430for furtherinformationon 97, part 2, 1991; republishedin Alternative Refrig-
REFPROP.) erants, technicaldata bulletin7(3), ASHRAE,pages

28-44, October 1991 (17 pageswith 15 figuresandG. Morrisonand M. O. McLinden,Application of a
Hard Sphere Equation of State to Refrigerants 4 tables,RDB2615)
and Refrigerant to Mixtures, NBS Technical Note
1226, Nationalinstituteof Standardsand Technol- C-C. Piao, H. Sato, and K. Watanabe (KeioUniver-
ogy (then the National Bureau of Standards), sity, Japan), An Experimental Study for PVT
Gaithersburg,MD, August 1986 (156 pages, RDB- Properties of CFC Alternative Refrigerant1,1,1,2-tetrafluoroethane (R-134a), CFC Altema-
0911) tires, technicaldata bulletin6(1), AmericanSociety

The Carnahan-Stading-DeSantis(CSD)equation of Heating, Refrigerating,and Air-ConditioningEn-
of state is applied to halogenated hydrocarbon gineers (ASHRAE), Atlanta, GA, pages 1-9, June
refrigerantsand theirmixtures. A set of thermo- 1990; republishedin Transactions, American Soci-
dynamic functions is derived from the PVT

I please seu pages 4-6" ..... ,_.._ ._,.... ,,.._ I
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ety of Heating, Refrigerating,and Air-Conditioning but poor agreement resulted for the well char-
Engineers, Atlanta, GA, volume 96, 1990 (9 pages acterized R-22/R-142b blend; further experi-
with 8 figures and 4 tables, RDB2334) mental verification is recommended. Compar-

isons between experimental ICs and those cal-
U. PlUcker,H. Knapp,and J. Prausnitz,Calculation culated from physical propertiesor critical con-
of High-Pressure Vapor-Liquid Equilibria from a stants of the components suggest that refine-
Corresponding-States Correlation with Empha- ment of the propertycalculationalgorithmsmay
sis on Asymmetric Mixtures, ind. Eng. Chem. bedesirable.
Process Des. Dev., volume 17, number 3, pages
324-332, 1978 (RDB2337) B-H. Wang, J. L. Adcock, S B. Mathur,and W. A.

Van Hook (Universityof Tennessee),Vapor Pres-
O. Z-Y. Qian, H. Matsunobe, H. Sato, and K. sures, Liquid Molar Volumes, Vapor Non-ldeali-
Watanabe (Keio University, Japan), Thermody- ties, and Critical Properties of Some Fluorinated
namic Property Measurements for Difluoro- Ethers: CF_OCF2OCF3, CF3OCF2CF2H, c-
methane (HFC-32) by a Burnett Method, paper CF2CF2CF20, CF3OCF2H, and CF3OCH3;and of
B103, Proceedings of the Twe/fth Japan Sympo- CCl3F and CF2ClH, Jouma/ of Chem. Thermody-
slum on Thermophysica/Properties, pages 73-76, namlcs, AcademicPressLimited,volume23, pages
1991 (4 pageswith 8 figures,RDB2428) 699-710, December 1991 (12 pages with 8 tables,

This paper summarizesmeasurementsof vapor RDB2505)
pressuresof R-32at temperaturesof 300-330 K Vapor pressures, compressibilities,expansivi-
(80-134 °F) and compressibilityfactors for 300- ties, and molar volumesof the liquidphase are
350 K (80-170 °F) and 0.15-4.3 MPa (22-624 presented, based on measurements between
psia). The experimentalapparatusused, based room temperatureand the critical temperature,
on a Burnettmethod, is brieflydescribed. Sec- for a series of fluorinated ethers. Critical
ond and third virialcoefficientsfor property cal- temperaturesand pressuresand approximate
culationsare presented. A systematicerror,re- melting and boilingtemperaturesare tabulated
lated to an adsorptioneffect in the Burnett ex- for perfluorodimethoxymethane,2-hydryI-F-ethyl
perimentalprocedure,and a and correctionare F-methyl ether, F-oxetane, and pentafluo-
discussed, rodimethylether. These ethersare under inves-

tigation as potential refrigerants, blowing
JoR.Sand, S. K. Fischer(Oak RidgeNationalLabo- agents, and cleaning agents based on their
ratory, ORNL), and J. A. Jones (Jet Propulsion physicaland chemical similarityto present re-
Laboratory,CaliforniaInstituteof Technology),Ex- frigerants. Equationsare presented for deter-
perimentally Determined and Estimated CSD mination of these properties. Vapor-phase
and LKP Interaction Coefficients for Ozone-Safe nonidealitieswere measured for each com-
Refrigerant Mixtures, International Journal of Re- pound, but onlyfor samplesof highvapor den-
frigeration, Paris,France,in publication(RDB2336) sity. Apparatus calibrations were verified with

measurementsfor R-11and R-22.
Estimates of interaction coefficients (ICs) are
provided for binary refrigerantblends for both
the Carnahan-Stading-Desantis(CSD) and Lee- K.Watanabe, H. Sato, and Z-Y. Qian (KeioUniver-

sity,Japan), Thermodynamic Properties of New
Kessler-PIScker(LKP)equationsof state (EOS). Refrigerants - HFC-32 and HFC-125, Proceed-These lC values characterizethe non-idealbe-
havior of mixtures,and are usefulin calculating ings of the 1992International Refrigeration Confer-
thermodynamicproperties. The estimateswere ence - Energy Efficiency and New Refrigerants,
determined by least-squaresfits of the CSD and edited by D. R. Tree and J. E. Braun,Purdue Uni-
LKP equations to previously measured, satu- versity,West Lafayette,IN, volume 2, pages 443-
rated vapor pressure (bubble point) data. 71 452, July 1992(10 pageswith9figures, RDB2827)
mixturesof 8 different refrigerantsin 18 binary
combinationswere analyzed. The combinations L.A. Weber (National Instituteof Standardsand
included R-12/R-152a, R-22/R-124, R-22/R-134, Technology, NIST), Criteria for Establishing Ac-
R-22/R-134a, R-22/R-142b, R-22/R-152a, R- curate Vapor Pressure Curves, Proceedings ofthe 1992 International Refrigeration Conference -
23/R-22, R-23/R-134a, R-124/R-142b, R-134/R- Energy Efficiency and New Refrigerants, edited by
124, R-134/R-142b, R-134a/R-124, R-134a/R- D.R. Tree andJ. E. Braun,PurdueUniversity,West
134, R-134a/R-142b, R-134a/R-152a, R-152a/R-
124, R-152a/R-134, and 152a/R-142b. The pa- Lafayette,IN, volume2, pages 463-471, July 1992
per describesthe useof lC values,experimental (9 pageswith4 figures,RDB2829)
apparatus used to measure the data, presents
the resultingICs, and discussesvariancesfound L.A. Weber and J. M. H. Levelt Sengers (National
with previously determined values. Good Institute of Standards and Technology, NIST),
agreementwas foundfor severalknownblends, Critical Parameters and Saturation Densities of
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1,1-Dichloro-2,2,2-Trifluoroethane, Fluid Phase Martin-Hou Equations of State, preliminaryinfor-
Equilibria, Elsevier Science PublishersB.V., Ares- marion bulletin, Buffalo Research Laboratory,AI-
terdam, The Netherlands,volume 55, pages 241- lied-SignalIncorporated,Buffalo, NY, May 1990 (3
249, 1990 (9 pages, RDB0915) pages with 2 tables, availablefrom JMC as RDB-

An optical cell has been used to determinethe 0505)
critical parameters, Tc and Pc, and densities The Martin-Hou equation of State and related
alongthe liquid-vaporphaseboundaryof R-123. equationsto calculatethe enthalpyand entropy
The critical temperaturewas found to be 456.87 of refrigerantsare presented. Referencepoints
K (363 °F) and the criticaldensityis 550 kg/m3, and coefficientsare provided,inconsistentinch-
The critical pressurewas calculatedfromvapor pound units, for R-123, R-123a,R-124, R-125,R-
pressuredata to be 36.74 bar, which yields a 134, R-134a, and R-143a. The informationpre-
value of 0.269 for the critical compressibility sentedis preliminaryandestimated.
factor, 7_.c. Measurementtemperaturesvaried
from 298 K (77 °F) to the critical point for the Gas Heat Capacity, preliminary informationbul-
saturatedliquidand from 433 K (320 °F) to the letin, BuffaloResearchLaboratory, Allied-SignalIn-
criticalpointfor saturatedvapor, corporated,Buffalo, NY, 23 May 1990 (1 page with

1 table,availablefrom JMC as RDB0506)

D. P. Wilsonand R. S. Basu (Allied-SignalIncorpo- An equation is provided to calculate the gas
rated), Thermodynamic Properties of a New heat capacity of refrigerantsin Btu/ll0.°Ras a
Stratospherically Safe Working Fluid - R-134a, functionof temperature in °R. Coefficientsare
ASHRAE Special Publication,CFCs: Time of Tran- provided for R-123, R-123a, R-124, R-125, R-
sition, American Society of Heating, Refrigerating, 134, R-134a, and R-143a. The informationpre-
and Air-ConditioningEngineers(ASHRAE),Atlanta, sentedis preliminaryand estimated.
GA,pages 104 ff, 1989 (RDB2236)

Liquid Density, preliminary information bulletin,
E. G. Wright (E. I. du Pont de Nemoursand Com- BuffaloResearchLaboratory,Allied-SignalIncorpo-
pany, Incorporated), Prediction of Refrigerant rated,Buffalo,NY, 1 May 1990 (1 page with 1 table,
Ternary Mixture Properties Using the Redlich- availablefromJMC as RDB0507)
Kwong-Soave Equation of State, Advances in
Nonazeotropic Mixture Refrigerants for Heat An equation is provided to calculate the liquid
Pumps, technicaldata bulletin,AmericanSocietyof density of refrigerantsin Ib/cf as a functionof
Heating, Refrigerating,and Air-ConditioningEngi- critical properties. Coefficientsare providedfor
neers (ASHRAE), Atlanta,GA, pages 37-52, June R-123,R-123a, R-124,R-125,R-134,R-134a,and

R-143a. The information presented is pre-
1985 (RDB2331) liminaryand estimated.
M-S. Zhu, L-Z. Han, Y-D. Fu, J. Wu, and C-X. Lu
(Tsinghua University, China), Research on PVT Liquid Viscosity Correlation, preliminaryinforma-
Properties, Vapor Pressure, and Surface Ten- tion bulletin, Buffalo Research Laboratory, Allied-
sion of HFC-134a, Proceedings of the 1992 Inter- Signal Incorporated, Buffalo, NY, 23 May 1990 (1
national Refrigeration Conference - Energy Efr/- page with1 table,availablefromJMC as RDB0508)
ciency and New Refrigerants, edited by D. R.Tree A correlationis providedto calculatethe viscos-
and J. E. Braun,Purdue Univ_.rsity,West Lafayette, ity of refrigerants,in Ib/hr.ft, in their liquidstate
IN, volume 2, pages 499-509, July 1992 (11 pages asa functionof temperature,in °R. Coefficients,
with5 figuresand8 tables,RDB2833) based on measurementsin the range of -20 to

+80 °C (-4 to +176 °F), are providedfor R-123,
Selected Physical Properties of HCFC-123, R-123a, R-124, R-125,and R-134a. An equation
HCFC-123a, HCFC-124, HFC-125, HFC-134, is includedto estimatethe viscosityof R-134ain
HFC-134a, and HFC-143a, preliminaryinformation its vapor state. The informationpresented is
bulletin,BuffaloResearch Laboratory,Allied-Signal preliminaryand estimated.
Incorporated,Buffalo, NY, May 1990 (1 page with1
table,availablefromJMC as RDB0504) Liquid Thermal Conductivity Correlation, pre-

Thecriticaltemperaturein °F,criticalpressurein liminary informationbulletin,BuffaloResearchLab-
psia, critical density in Ib/cf, boilingpointtem- oratory, Allied-SignalIncorporated,Buffalo,NY, 23
perature in °F, and molecular weight (relative May 1990 (1 page with 1 table, avail,hie from JMC
molecular mass) are tabulated for R-123, R- as RDB0509)
123a, R-124, R-125, R-134,R-134a, and R-143a. A correlationis providedto calculatethethermal
The information presented is preliminary and conductivity of refrigerants, in Btu/br.ft.°F, in
estimated, theirliqu!dstate as a functionof temperature,in

°F. Coefficients,based on measurementsinthe
rangeof 25-70 °C (77-158 °F), are providedfor
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R-123, R-123a, R-124, R-125, and R-134a. The REFPROPcalculates thermodynamic properties
information presented is preliminary and esti- of refrigerants, both single component and
mated, mixtures. Tables produced by REFPROP can

be used in estimating the efficiency and capa-
Pressure-Enthalpy, ,_raphs for the Alternative bility for a wide range of equipment with con-
Refrigerants R-3;._, R-123, R-125, R-134a, and R- ventionaland alternativerefrigerants.This user-
141b, research project 743-RP, American Society friendlypackage generatessaturationproperty
of Heating, Refrigerating,and Air-ConditioningEn- tables at desired temperaturesor pressures,as
gineers (ASHRAE),Atlanta,GA, April1992 -Octo- wellas tablesof propertieswiththe independent
ber 1992 (ASH0743) variables chosen from pressure, volume, tem-

The contractor for the project is University of perature, entropy, and enthalpy. Dependentvariables include those mentioned plus con-
Idaho, led by S. G. Penoncello; it is sponsored stant-pressure and constant-volume heat ca-
by ASHRAETechnical Committee 3.1, Refriger- pacities, and velocitiesof sound. Version 1.0 of
ants and Brines. REFPROPcalculates properties for 15 pure re-

Thermodynamic Properties of Refrigerants 125 frigerantsand 20 binary mixtures. The calcula-
and 141b, research project 654-RP, AmericanSo- tionsare based on wide-rangingmeasurements,includingn3w data for refrigerantsR-123, R-124,cietyof Heating,Refrigerating,andAir-Conditioning
Engineers(ASHRAE),Atlanta,GA, September1990 R-134, and R-134a, as well as revised correla-
-December 1992 (ASH0654) tions for R-11, R-13, R-13B1, R-14, R-22, R-23,R-113, R-114, R-142b and R-152a. The Carna-

This study will determine the liquid densities, han-Starling-DeSantis (CSD) equation of state
vapor densities, vapor pressures, PVT proper- and ideal gas heat capacities are used. REF-
ties, enthalpy, entropy, specific heat, and sound PROP runs on IBM-compatible personal com-
velocities of R-125. Vapor specific he_t and PVT puters. Future upgrades will include additional
will be determined for R-141b. Critical temper- refrigerants and ternary blends. (Please see
atures and pressures will be determined for RDB2430for further information on REFPROP.)
each substance. The contractor for the project
is Texas A&MUniversity led by J. C. Holste; it is REFPROP, A Program for the Calculation of the
sponsored by ASHRAE Technical Committee Thermodynamic Properties of Refrigerants and
3.1, Refrigerants and Brines. Refrigerant Mixtures, NIST Standard Reference

Database23 version3.0, National Instituteof Stan-
Vapor Thermal Conductivity Correlation, pre- dards and Technology, Gaithersburg, MD, March
liminaryinformationbulletin,BuffaloResearchLab- 1992 (softwareand documentationavailablefrom
oratory, Allied-SignalIncorporated,Buffalo,NY, 23 NIST, RDB2430)
May 1990 (1 page with 1 table, availablefromJMC
as RDB0510) Version3.00 of REFPROPcalculates propertiesfor 26 purerefrigerants,as wellmixturesof upto

A correlationis providedto calculatethe thermal five ofthem. These refrigerantsincludeR-11, R-
conductivity of refrigerants, in Btu/ht.ft.°F, in 12, R-13, R-13B1,R-14, R-21, R-22, R-23, R-113,
theirvapor state asa functionof temperature,in R-114, R-115, R-123, R-124, R-125, R-134, R-
°F. Coefficients,based on measurementsinthe 134a, R-141b, R-142b, R-143, R-143a, R-152a,
range of 25-70 °C (77-158 °F), are providedfor R-218, R-290 (propane), R-C270 (cyclopro-
R-123, R-123a, R-124, and R-134a. The infor- pane), RC-318, and E-134. Fourteen thermody-
mation presented is preliminary and estimated, namic properties can be calculated, in user-se-

lected units of measurement. This update re-
Vapor Pressure, preliminary information bulletin, places version 2.0 [see RDB1105].
Buffalo Research Laboratory, Allied-Signal Incorpo-
rated, Buffalo,NY, 1 May 1990 (1 page with 1 table, Thermodynamic Properties of [HC]FC-123, re-
availablefromJMC as RDB0511) port NIST-5, E. I. du Pont de Nemours and Com-

An equation is providedto calculate the vapor pany, Incorporated, Wilmington,DE, undated (44
pressureof refrigerantsin psia as a functionof pages with 1 figure and 3 tables, available from
temperature in °R. Coefficientsare providedfor JMC as RDB0301)
R-123,R-123a, R-124,R-125, R-134,R-134a,and This report provides thermodynamic property
R-143a. The information presented is pre- data for R-123 in inch-pound (lP) units of mea-
liminaryand estimated, sure. Measured physicaland estimated critical

propertiesare tabulated. Four basic equations
REFPROP, A Program for the Calculation of the fo_"vapor pressure,the Redlich-Kwongequation
Thermodynamic Properties of Refrigerants and of state,density of the saturatedliquid,and heat
Refrigerant Mixtures, description, National Insti- capacity of the vapor are presented. A table
tute of Standards and Technology, Gaithersburg, tabulates pressure, volume, density, enthalpy,
MD, January 1990 (4 pages, RDB1104)
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and entropyat saturatedconditions for the tem- temperature) to determine the Lorentz-Lorenz
perature range of -73 to 184 °C (-100 to 363 °F) constant. The Lorentz-Lorenz relation is used to
in 0.6 °C (1 °F) increments and for the critical estimate the liquid, vapor, and critical densities,
temperature of 184 °C (363.2 °F). A second and the surface tension. R-141bslowly decom-
table tabulates volume, enthalpy, and entropy of posed when maintained near its critical point (in
superheated vapor at constant pressure. The contact with gold, sapphire, stainless steel, and
report concludes with a pressure-enthalpy dia- _rown glass).
gram.

B. R. Fellows, R. G. Richard, and I. R. Shankland
Thermodynamic Properties of [H]FC-134a, report (Allied-SignalIncorporated), Electrical Characteri-
NIST-6, E. I. du Pont de Nemours and Company, zation of Alternate Refrigerants, paper 45, pro-
Incorporated,Wilmington,DE, undated (27 pages ceedings of the XVIIIth InternationalCongress of
with2 tables,availablefromJMC as RDB0302) Refrigeration(Montreal, Qu(_bec,Canada, August

This report provides thermodynamic property 1991), InternationalInstituteof Refrigeration,Paris,
data for R-134ain inch-pound(lP) units of mea- France, August1991 (10 pageswith 2 figuresand 7
sure calculated with the Redlich-Kwongequa- tables,RDB2319)
tion of state. A table tabulates pressure,vol-
ume,density,enthalpy,and entropyat saturated A.R.H. Goodwin, and M. R. Moidover(NationalIn-
conditions for the temperaturerange of -73 to stitute of Standardsand Technology,NIST), Ther-
100 °C (-100 to 212 °F) in 0.6 °C (1 °F) incre- mophysical Properties of Gaseous Refrigerants
ments and for the critical temperatureof 100.6 from Speed of Sound Measurements (Appara-
°C (213.0 °F). A secondtable tabulatesvolume, tus, Model, and Results for 1,1,1,2-Tetrafluoro-
enthalpy,and entropyof superheatedvapor at ethane, R-134a), Journal of Chem. Phys.,volume93, number 4, pages 2741-2753, 15 August 1990
constantpressure. (13 pageswith 10figuresand 4 tables,RDB0919)

The speed of sound in gaseous R-134a has
been obtained between 233.16 and 340 K from
measurementsof the frequency of the radial

TRANSPORT acoustic resonances of a gas-filled spherical
cavity. Perfect gas heat capacities and second

H. B. Chae, J. W. Schmidt, and M. R. Moldover and third acoustic virialcoefficientsare used to
(National Institute of Standards and Technology, estimate the densityvirial coefficientsB(T) and
NIST), Surface Tension of Refrigerants R-123 C(T) and an effectivesquare-wellpotential. The
and R-134a, Journal of Chemical and Engineering estimates of B(T) are consistent with B(T) de-
Data, American Chemical Society (ACS), pages 6- duced from high-qualityequation-of-statemea-
8, January 1990 (3 pages with 2 figuresand 3 ta- surements;those for C(T) are slightlyinconsis-
bles, RDB0917) tent. The apparatusand its calibrationwith ar-

The surfacetensionsof two environmentallyac- gon are described.
ceptable refrigerants(R-123 and R-134a) were
measured with a differentialcapillary rise tech- G. Latini,P. Pierpaoli,andF. Polonara(Universit&di
nique. Measurementsspan the temperature Ancona, Italy), Dynamic Viscosity and Thermal
range -25 to + 140 °C (-13 to 284 °F) for R-123 Conductivity Prediction of Refrigerants and Re-
and -10 to +95 °C (14 to 203°F) for R-134a. frigerant Mixtures, Proceedings of the 1992 Inter-

national Refrigeration Conference - Energy Effi-
H. B. Chae, J. W. Schmidt, and M. R. Moldover ciency and New Refrigerants, edited by D. R. Tree
(National Institute of Standards and Technology, andJ. E. Braun,PurdueUniversity,WestLafayette,
NIST),Alternative Refrigerants R-123, R-141b, R- IN, volume 2, pages 489-498, July 1992 (9 pages
142b, and R-152a: Critical Temperature, Refrac- with7 tables, RDB2832)
tive Index, Surface Tension, and Estimates of
Liquid, Vapor, and Critical Densities, Journal of I.R. Shankland, R. S. Basu, and D. P. Wilson
Physical Chemistry, June 1990 (24 pages, RDB- (Allied-SignalIncorporated),Thermai Conductivity
0918) and Viscosity of a New Stratospherically Safe

Differential capillary rise and refractive index Refrigerant-1,1,1,2-Tetrafluoroethane (R-134a),
data are reportedfor fivealternativerefrigerants: Status of CFCs- Refrigeration Systems and Refrig-
R-123a, R-134, R-141b, R-142b, and R-152a. erant Properties (proceedings of the meetings of
The data extendfrom about 25 °C (77 °F) to the IIR CommissionsBl, B2, El, and E2, Purdue Uni-
critical point of each fluid and directly yieldthe versity,WestLafayette,IN), InternationalInstituteofRefrigeration,Paris, France, pages 305-314, July
criticaltemperatureTc and the temperature-de- 1988 (9 pages, RDB0516)
pendentcapillary length. The presentdata were
combined with liquiddensitydata (near ambient

please see pages 4-6 for ordering information !
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I. R. Shankland, Transport Properties of CFC AI- This project is developing a meter to measure
ternatives, unpublished presentation (Symposium instantaneous mass flow of two-phase refriger-
on Global Climate Change and Refrigerant Proper- ants for use in laboratories, rating procedures,
ties, AIChE Spring National Meeting, Odando, FL, and field monitoring. The contractor for the
1990), Buffalo Research Laboratory, Allied-Signal project is McMaster University (Canada) led by
Incorporated, Buffalo, NY, March 1990 (31 pages, M. Shoukri and J. S. Chang; it is sponsored by
available from JMC as RDB0517) ASHRAE Technical Committee 1.2, Instruments

and Measurements.

K. Stephan and J. Biermann (Universit_t Stuttgart,
Germany), Thermal Diffusivity Measurement of Pilot Survey of Refrigerant Use and Emissions
Refrigerant 22 at Low Pressures Using the P_,o- from Retail Food Stores, research project 691-RP,
toacoustic Effect, Proceedings of the 1992 In,_,'- American Society of Heating, Refrigerating, and Air-
nationa/ Refrigeration Conference- Energy Efr# Conditioning Engineers (ASHRAE), Atlanta, GA,
ciency and New Refrigerants, edited by D. R. Tree September 1991 - ongoing (ASH0691)
and J. E. Braun, Purdue University, West Lafayette, The contractor for the project is the Radian Cot-
IN, volume 1, pages 149-156, July 1992 (8 pages poration, led by T. J. Nelson; it is sponsored by
with 5 figures and 2 tables, RDB2716) the ASHRAE Task Group on Halocarbon Emis-

sions

Survey of the Use and Emission of Chlorofluo-
rocarbons from Large Chillers, research project

APPLICATION DATA 603-RP, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, March 1989- February 1991 (ASH0603)

R. C. Niess, CFCs and Electric Chillers - Selec- The contractor for the project is the Radian Cor-
tion of Large-Capacity Water Chillers in the poration, led by T. J. Nelson; it is sponsored by
1990s, report TR-100537, Electric Power Research the ASHRAE Task Group on Halocarbon Emis-
Institute (EPRI), Palo Alto, CA, March 1992 (188 sions
pages with 3 figures and 34 tables, RDB2A18)

Freon(R) Fluorocarbons Properties and Applica-
tions, bulletin B-2E, E. I. du Pont de Nemours In- HEAT TRANSFER
ternational S.A., Geneva, Switzerland, undated

circa 1984 (12 pages with 1 figure and 10 tables, K.I. Bell, G. F. Hewitt, and S. D. Morris, Nucleate
RDB2433) Pool Boiling of Refrigerant/OU Mixtures, Experi-

This brochure summarizes physical, thermody- menta/ Heat Transfer, volume 1, number 1, 1987
namic, safety, and application data for R-11, R- (RDB2402)
12, R-13, R-13B1, R-14, R-22, R-23, R-113, R-
114, R-115, R-116, R-152a, R-500, R-502, and R- B. Bella, A. Cavallini, G. A. Longo, and L. Rossetto
503. Stability and decomposition data are pro- (Universit8 di Padova, Italy), Pure Refrigerant
vided for R-11, R-12, R-13, R-22, R-113, R-114, Condensation on a Single Integral Finned Tube:
R-115, and R-502. Hydrolysis data with water, Vapor Velocity Effects, Proceedings of the 1992
alone and in the presence of steel, are pre- International Refrigeration Conference - Energy
sented for R-11, R-12, R-22, R-30 (methylene Efficiency and New Refrigerants, edited by D. R.
chloride), R-40 (methyl chloride), R-113, R-114, Tree and J. E. Braun, Purdue University, West Lafa-
and R-502. Swell data with elastomers are tab- yette, IN, volume 1, pages 177-186, July 1992 (10
ulated for R-11, R-12, R-13, R-13B1, R-22, R-30, pages with 7 figures and 2 tables, RDB2719)
R-40, R-113, R-114, R-115, R-140a (methyl chlo-
roform), and R-502 with neoprene GN, buta- D.B. Bivens and A. Yokozeki (Du Pont Chemicals),
diene acrylonitrile (Buna(TM) N), butadiene sty- Heat Transfer of Refrigerant Mixtures, Proceed-
rene (Buna(TM) S), isoprene isobutylene (Bu- ings of the 1992 International Refrigeration Confer-
tyl('rM)), and polysulfide and natural rubbers, ence - Energy Efficiency and New Refrigerants,
Compatibility data are discussed with lubricants, edited by D. R. Tree and J. E. Braun, Purdue Uni-
plastics, and metals, versity, West Lafayette, IN, volume 1, pages 141-

148, July 1992 (8 pages with 5 figures and 1 table,
Measurement of Two-Phase Refrigerant Liquid- RDB2715)
Vapor Mass Flow Rate, research project 722-RP,
American Society of Heating, Refrigerating, and Air- S. Chongrungreong and H. J. Sauer, Jr. (University
Conditioning Engineers (ASHRAE), Atlanta, GA, of Missouri at Rolla), Nucleate Boiling Perfor-
April 1992 - October 1993 (ASH0722) mance of Refrigerants and Refrigerant Oil Mix-
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tures, Journal of Heat Transfer, American Society erating,and Air-ConditioningEngineers (ASHRAE),
of Mechanical Engineers (ASME), New York, NY, Atlanta,GA,volume97, part2, 1991; republishedin
volume102, number4, pages 701-704, 1980 (RDB- Alternative Refrigerants, technicaldata bulletin7(3),
2401) ASHRAE, pages 10-20, October 1991 (11 pages

with 14 figuresand 7 tables,RDB2613)
J. C. Conkiinand 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 Nonazeotropic Mixture Using of Science and Technology), An Experimental
Perforated Foils, paper BA-92-4-3 (Annual Meet- Comparison of Condensation Heat Transfer Co-
ing, Baltimore, MD, June 1992), Transactions, efficientsforHFC-134aandCFC.12,/ntemationa/
American Societyof Heating,Refrigerating,and Air- Journal of Refrigeration, Paris, France,volume 13,
Conditioning Engineers (ASHRAE), Atlanta, GA, number 11, November 1990; republished in Pro-
volume 98, part 2, in publication(9 pages with 12 ceedings of the 1990 USNC//IR-Purdue Refrigera-
figures,RDB2611) tion Conference and ASHRAE.PurdueCFC Confer-

ence, edited by D. R.Tree, PurdueUniversity,West
J. C. Conklin (Oak Ridge National Laboratory, Lafayette,IN, July1990 (RDB2238)
ORNL) and E. Granryd(Royal Instituteof Technol-
ogy, Sweden),Thermal Performance Analysis for S.J. Eckelsand M. B. Pate (Iowa State University
Heat Exchangers Having a Variable Overall Heat of Scienceand Technology),A Comparison of R-
Transfer Coefficient, paper 91-WA-NE-7 (ASME 134a and R-12 In-Tube Heat Transfer Coeffi-
WinterAnnual Meeting,Atlanta,GA), AmericanSo- cients Based on Existing Correlations, CFCA/ter-
ciety of MechanicalEngineers(ASME), New York, natives, technicaldata bulletin6(1), AmericanSoci-
NY, December 1991 (6 pages with5 figuresand 4 ety of Heating, Refrigerating,and Air-Conditioning
tables,RDB2341) Engineers (ASHRAE), Atlanta, GA, pages 25-34,

June 1990; republished in Transactions, American
J. C. Conklinand E. A. Vineyard (Oak Ridge Na- Society of Heating, Refrigerating, and Air-Con-
tional Laboratory, ORNL), Tubeside Condensa- ditioning Engineers,Atlanta, GA, volume 96, part 1,
tion of Nonazeotropic Refrigerant Mixtures for 1990 (10 pageswith 16 figuresand 2 tables,RDB-
Two Enhanced Surfaces, Proceedings of the 2239)
ASME/JSME Thermal Engineering Joint Confer-
ence, American Society of Mechanical Engineers E. Granryd (Royal Institute of Technology, Swe-
(ASME), New York, NY, USA,Japan Societyof Me- den), Heat Transfer in Flow Evaporationof Non-
chanicalEngineers(JSME),Tokyo, Japan, volume azeotropic Refrigerant Mixtures - a Theoretical
3, pages 251-256, 1991 (6 pages with 9 figures, Approach, paper 251, proceedingsor"_e XVIIIth
RDB2410) InternationalCongress of Refrigeration(Montreal,

Quebec, Canada, August 1991), InternationalIn-
J. C. Conklinand E. A. Vineyard (Oak Ridge Na- stituteof Refrigeration,Paris, France, August 1991
tional Laboratory, ORNL), Tubeside Evaporation (12 pages with6 figures,RDB2409)
of Nonazeotropic Refrigerant Mixtures from Two
Enhanced Surfaces, paper 90-WA-HT-8 (ASME E. Granryd (RoyalInstituteof Technology,Sweden)
WinterAnnualMeeting, Dallas,TX), AmericanSoci- and J. C. Conklin(Oak RidgeNationalLaboratory,
ety of Mechanical Engineers (ASME), New York, ORNL), Thermal Performance Analysis for Heat
NY, November 1990 (7 pages with9 figures,RDB- Exchangers Using Nonazeotropic Refrigerant
2342) Mixtures, Heat Transfer in Advanced Energy Sys-

tems, American Society of Mechanical Engineers
S. J. Eckels and M. B. Pate (Iowa State University (ASME),New York, NY, HeatTransferDivisionvol-
of Science and Technology),In-Tube Evaporation ume 151 and Advanced Energy SystemsDivision
and Condensation of Refrigerant-Lubricant Mix- volume 18, pages 25-32, November1990 (8 pages
tures of HFC-134a and CFC-12, Transactions, with 10figures,RDB2330)
American Society of Heating, Refrigerating,and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA, N.S. Gupte (CarrierCorporation)and R. L. Webb
volume 97, part 2, 1991; republishedinAlternative (PennsylvaniaState University), Convective Va-
Refrigerants, technicaldata bulletin7(3), ASHRAE, porization of Refrigerants in Tube Banks, paper
pages 1-9, October 1991 (9 pages with 15 figures BA-92-4-4 (Annual Meeting, Baltimore,MD, June
and 2 tables,RDB2612) 1992), Transactions, American Societyof Heating,

Refrigerating, and Air-Conditioning Engineers
S. J. Eckels and M. B. Pate (Iowa State University (ASHRAE), Atlanta, GA, volume 98, part 2, in
of Science and Technology), Evaporation and publication (14 pages with 27 figures and 2 tables,
Condensation of HFC-134a and CFC-12 in a RDB2607)
Smooth Tube and a Micro-Fin Tube, Trans-
actions, American Society of Heating, Refrig-

l please see pages 4-6 for ordering information .I



Page48 Refrigerant Database

D. L. Hinton (Tennessee State University), J.C. pending on the fluid flow regime. No effect was
Conklin, and E. A. Vineyard (Oak Ridge National apparent for annular-waw regimes, but the
Laboratory, ORNL), Evaporation Characteristics presence of oil significantly reduced the heat
of R-22 Flowing Inside a Corrugated Tube, En- transfercoefficientforannular-filmflows.
hanced Heat Transfer (proceedingsof the 28rhNa-
tional Heat transfer Conference, San Diego, CA), D.L. Jackman and M. K. Jensen, Nucleate Pool
edited by M. B. Pate and M. K. Jensen, American Boiling of Refrigerant/Oil Mixtures, paper 82-
Society of Mechanical Engineers (ASME), New WA/HT-45, American Society of Mechanical Engi-
York, NY, HeatTransferDivisionvolume202, pages neers(ASME),New York, NY, 1982 (RDB2403)
127-132, August 1992 (6 pages wi_.h12 figures,
availablefromJMC as RDB2902) I5. Jung and R. Radermacher (Universityof Mary-

Thispaper compares the boilingperformanceof land_,Prediction of Heat Transfer Coefficients of
R-22 for two tubes, one smooth and one with Various Refrigerants During Evaporation, paper
corrugated (also called spirally indented) heat 3492, Transactions, American Society of Heating,
transferenhancement. The investigationserves Refrigerating, and Air-Conditioning Engineers
as the reference case for future work on (ASHRAE),Atlanta,GA, volume 97, part 2, pages

48-53, 1991 (6 pages with 7 figures and 3 tables,
zeotropic mixtures. Theexperimentalapparatus RDB2347)and instrumentationare described; the former

comprises a variable-speedcompressor, vari- D. Jung (Universityof Maryland), M. O. McLinden
able-orifice flow-meteringdevice, and two sets (National Institute of Standards and Technology,
of counterflow,concentric-tube heat exchang- NIST), R. Radermacher (Universityof Maryland),ers with differenttube-side surfaces. The mea-
surementsreflect use of an alkylbenzenelubri- and D. A. Didion (NIST), A Study of Flow-Boiling
cant, with an estimated circulation concentra- Heat Transfer with Refrigerant Mixtures, Interna-
tion of the order of 1%. Two temperaturelevels tional Journal of Heat and Mass Transfer, volume
were investigated,corresponding to those for 32, number 9, pages 1751-1764, September 1989
the heating and cooling modes of air-source (RDB2348)

heat pumps at standardratingconditions. The D. Jung (Universityof Maryland), M. O. McLinden
measured heat transfer coefficient (HTC) for (National Institute of Standards and Technology,evaporation is compared to predictions,based
on correlationsfrom prior studies. HTC is then NIST), R. Radermacher (Universityof Maryland),
plottedversus heat flux and quality; both HTC and D. A. Didion(NIST), Horizontal Flow Boiling
and pressuredrop are plottedagainstmassflux. Heat Transfer Experiments with a Mixture of R-
The paper concludes that the corrugated tube 22/R-114, International Journal of Heat and Mass
geometry does enhance heat transfer over a Transfer, volume 32, pages 131-145, 1989 (RDB-
wide range of mass and heat fluxes, with the 2903)

most significant increaseoccurringat lowquail- J. Ogata, Y. Iwafuji,Y. Shimada (MitsubishiHeavyties. The paper discussessuppressionof nu-
cleate boiling in the corrugated tube at lower Industries,Limited), and T. Yamazaki (TokyoElec-tric Power Company), Boiling Heat Transfer En-
massfluxes; it suggeststhat evaporatordesigns
be split to use corrugated tubes where the heat hancement in Tube-Bundle Evaporators UtilizingElectric Field Effects, paper BA-92-5-2 (Annual
transfer is highest, at low qualities,and some Meeting,Baltimore,MD, June 1992), Transactions,
other geometry for the intermediate and high American Societyof Heating, Refrigerating,and Air-
quality regions. Conditioning Engineers (ASHRAE), Atlanta, GA,

D. W. Hughes, J. T. McMullan, K. A. Mawhinney, volume 98, part 2, in publication(10 pages with 10
and R. Morgan, Influence of Oil on Evaporator figuresand 3 tables,RDB26Og)
Heat Transfer (Results for R-12 and Shell Clavus
68), International Journal of Refrigeration, Paris M.M. Ohadi, R. A. Papar,T. L. Ng, M. A. Faani,and
France, volume7, number 3, pages 150-158, May R. Radermacher (Universityof Maryland),EHD En-

hancement of Shell-Side Boiling Heat Transfer
1984 (10 pages,RDB0923) Coefficients of R-123/Oil Mixture, paper BA-92-5-

Experimentsto investigatethe influence of Iu- 1 (Annual Meeting, Baltimore, MD, June 1992),
bricating oilon heat transferand refrigerantflow Transactions, American Society of Heating, Refrig-
in evaporatorsare described. R-12 and Shell erating, and Air-ConditioningEngineers(ASHRAE),
Clavus68 oil were used. Effortswere made to Atlanta, GA, volume 98, part 2, in publication (8
model actual operationas closely as possible, pageswith 10figuresand 1 table,RDB2608)
The oilwas foundto havea significanteffecton
refrigerantflow and pressuredrop. Measure- C. Pais and R. L.Webb (PennsylvaniaStateUniver-
ments made on the heat transfercoefficientin- sity), Literature Survey of Pool Boiling on En-
dicated that the oil had different effects de- hanced Surfaces, technical paper 3444, Transac-
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tions, American Society of Heating, Refrigerating, ing, and Air-Conditioning Engineers (ASHRAE), At-
and Air-Conditioning Engineers (ASHRAE), Atlanta, lanta, GA,volume 97, part 1, 1990 (RDB2241)
GA, volume 97, part 1, 1991 (RDB2405)

L. M. Schlagor, M. B. Pate, and A. E. Bergles, Per-
M. B. Pate, Evaporation and Condensation Heat formance Predictions of Refrigerant-Oil Mixtures
Transfer Coefficients for HCFC-124/HCFC- in Smooth and Internally Finned Tubes, 2 pa-
22/HFC-152a, Proceedings of the 1990 USNC/IIR- pers, Transactions, American Society of Heating,
Purdue Refrigeration Conference and ASHRAE- Refrigerating, and Air-Conditioning Engineers
Purdue CFC Conference, edited by D. R. Tree, (ASHRAE), Atlanta, GA, volume 96, part 1, 1990
Purdue University, West Lafayette, IN, July 1990 (RDB2242)
(RDB2240)

L. M. Schlager, M. B. Pate, and A. E. Bergles, Per-
P. Rohlin (The Royal Institute of Technology, Swe- formance of Micro-Fin Tubes with Refrigerant 22
den), Coefficients of Performance and Local [R-22] and Oil Mixtures, ASHRAEJournal, Ameri-
Heat Transfer Coefficients for Flow Boiling in- can Society of Heating,Refrigerating,and Air-Con-
side Horizontal Tubes with Nonazeotropic Re- ditioningEngineers(ASHRAE),Atlanta,GA, pages
frigerant Mixtures in a 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
Braun, Purdue University,West Lafayette,IN, vol- and Condensation of R-22 in Horizontal Micro-
ume 1, pages 157-166, July 1992 (10 pageswith 8 Fin Tubes, International Journal of Refrigeration,
figuresand 1 table,RDB2717) Paris France, volume 12, number 1, pages 6-14,

Test resultsare presentedfor three refrigerant January1989 (9 pages, RDB2244)
blends in an exhaust-air heat pump, with a
heating capacity of 1050-1450 W (3600-4950 L.M. Schlager,M. B. Pate,and A. E. Bergles,Heat
Btu/h). Such heat pumps are used, widely in Transfer and Pressure Drop Performance of
Sweden, to recover heat from exhaust air to Smoo_h and Internally Finned Tubes with Oil
heat service hot water, particularly for large and Refrigerant 22 [R-22] Mixtures, Transactions,
multifamilyresidentialbuildings. Heatingcoeffi- AmericanSociety of Heating,Refrigerating,and Air-
cients of performance (COPs), capacities, and Conditioning Engineers (ASHRAE), Atlanta, GA,
local heat transfercoefficientsinthe evaporator volume95, part 2, 1989 (RDB2245)
are compared to those for R-12. Data for R-
22/R-152a/R-124 (36/24/40)and two blends of L.M. Schlager, M. B. Pate, and A. E. Bergles,
R-22/R-142b (45/55 and 60/40) are plotted and Evaporation and Condensation of Refrigerant-
discussed. Theexperimentsindicatethat use of Oil Mixtures in a Low-Fin Tube, Transactions,
these zeotropicmixturescan increaseboth the AmericanSociety of Heating,Refrigerating,andAir-
COP and capacity despitea large reduction in Conditioning Engineers (ASHRAE), Atlanta, GA,
thelocal heattransfercoefficient. The(eduction volume 94, part 2, pages 1176-1194, 1989 (RDB.
is large with the binary mixtures and is com- 2343)

pounded by suppressionin nucleate boiling, M.W. Spatz and J. Zheng (Allied-SignalIncorpo-
also observed by other referenced investiga- rated), An Experimental Evaluation of the Heattions. Boththe experimentalapparatusand an-
alyticalmethodsusedare described. Transfer Coefficients of R-134a Relative to R-12,

Proceedings of the 1990 USNC/IIR-Purdue Refrig-

S. M. Sami, J. Schnotale (Universityof Moncton, eration Conference and ASHRAE-Purdue CFC
New Brunswick,Canada), and J. G. Smale (Du Conference, edited by D. R. Tree, Purdue Univer-
Pont Canada, Incorporated), Prediction of the sity, West Lafayette, IN, pages 225-233, July I'.,_K)
Heat Transfer Characteristics of R-22/R-152a/R- (9 pageswith8 figures,RDB0501)
114 and R-22/R-152a/R-124, paper 3602 (Annual
Meeting, Baltimore,MD, June 1992), Transactions, K.E. Starner,Summary of Pool Boiling Test Re-
American Societyof Heating,Refrigerating,and Air- suits for R-134a, R-22, and R-12 with Oils, York
Conditioning Engineers (ASHRAE), Atlanta, GA, InternationalCorporation,York,PA,22 July 1992 (1
volume 98, part 2, in publication(8 pages with 10 page, availablefromJMC as RDB2808)
figuresand 1 table,RDB2601) This document summarizestests to compare

heat transfer characteristicsof R-12, R-22, and
L. M. Schlager, M. B. Pate, and A. E. Bergles, Oil R-134a,with and without lubricants, for Wolver-
Quantity Measurements in Smooth and Micro- ine Turbo-B(R)enhanced-surfacetubes. Turbo-
Fin Tubes During Evaporation and Condensa- B(R)tube is enhanced on both the insideand
tion of Refrigerant-Oil Mixtures (RP-469), Trans- outside surfaces to increase the overall heat
actions, American Society of Heating, Refrigerat-

please see pages 4-6 for ordering information 1
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t:ansfercoefficient;_ts primary use is as a boil- Refrigerant R-12, AIChE Symposium Series 138,
ingtube for evaporatorsin chillers. Quantitative American Institb_eof ChemicalEngineers(AIChE),
results are presented for a Ileat flux of 1750 New York, NY, v_lume 70, pages 98-106, 1974 (9
W/m2 (5500 Btu/h-ft2)for nominal19 mm (3/4") pageswith 13figuresand 1 table, RDB2904)

outside-diametertubes in a 60 cm (2'), 8-tube This paper reviewsexperimentalmeasurements
bundle at 4.4 °C (40 °F). Differencesare pre- of heat transfer in copper, helicalucorrugated
sented between the wall temperature and the tubesfor full vaporizationof oil-free R-12. The
refrigerantsaturationtemperature at the mea- experimentalapparatus and procedure as well
sured pressure. Resultsare comparedbetween as thedata reductionmethodsaredescribed. A
refrigerant-lubricantmixtures,with 1.5% mineral series of runs to determine the optimum tube
oil by volume, and those for pure refrigerants, configuration,leadingto a geometrical charac-
Additionaldata are provided for R-134a with terizingparameterreferred to as the severity,is
miscible lubricants, including an unidentified outlined. The boilingcapacity of the tube, Iog-
polyalkyleneglycol (PAG) and ester. For pure mean temperaturedifference (LMTD), pressure
refrigerants,the measured temperature differ- drop, and average inside heat transfer coeffi-
ence is0.14 °C (0.25 °F) lowerfor R-22and0.06 cient (HTC) are plotted as functions of the
°C (0.1 °F) higherfor R-12 compared to that for severity. Heat transferand pressure-dropdata
R-134a. The documentreports penalties,com- are presentedfor selected corrugatedtubes for
pared to pure refrigerants,of 0.53, 0.31, 2.78, convectiveboilingat -1 to 10 °C (30 to 50 °F).
0.19, and 0.33 °C (0.95, 0.55, 5.00, 0.35, and The study found *,nat integral, internal helical
0.60 °F) for mixtureswith 1.5% lubricantfor R-12 ridging enabled doubling or tripling of the in-
with mineral oil, R-22 with mineral oil, R-134a tube heat transfer compared to that for plain
withmineraloil (nonmiscibte),R-134awith PAG, tubes. The internalconfigurationenabledan in-
and R-134a with ester, respectively. Additional crease of up to 200% overthe peak (burn-out)
penaltiesof O.17 and 0.39 °C (0.30 and 0.70 °F) heat flux. The external configurationof the cor-
are reported for mixtures of 0.08 and 0.15% rugatedtubesalso doubledthe water-sideHTC,
mineral oil with 1.5% ester-based lubricant withconcentric tube arrangements,by increas-
above that for the refrigerant-ester mixture ing the turbulenceofthe water inthe annulus.alone.

K. Stephan and M. KOrner (Technical University of A. Yabe, T. Taketani (Mechanical Engineering Lab-oratory, Japan), H. Maki, K. Takahashi, and Y.
Berlin, Germany), Calculation of Heat Transfer for Nakadai (University of Tokyo, Japan), Experimen-
Vaporizing Binary Mixtures, summarytranslation tel Study of Electrohydrodynamically (EHD) En-
by Allied-Signal Incorporated from German text hanced Evaporator for Nonazeotropic Mixtures,
publishedin Chem. lng. Tech., volume 41, number paper BA-92-5-4(Annual Meeting, Baltimore,MD,
7, pages 409-417, 1968; includes notes on the June 1992), Transactions, American Society of
document prepared by R. R. Singh, Allied-Signal Heating, Refrigerating,and Air-ConditioningEngi-
Incorporated,22 October 1990 (8 pageswith 5 fig- neers(ASHRAE),Atlanta,GA, volume98, part 2, in
ures,availablefromJMC as RDB0905) publication(6 pages with10 figures,RDB2610)

K. Torikoshi,K. Kawabata,and T. Ebisu(DaikinIn- S. Yoshida,T. Matsunaga,H-P.Hong, and M Miya-
dustrie:_,Limited, Japan), Heat Transfer and Pres- zaki (KyushuUniversity,Japan), An Experimental
sure Drop Characteristics of HFC-134a in a Investigationof Oil Influence on HeatTransfer to
Horizontal Heat Transfer Tube, Proceedings of a Refrigerant Inside Horizontal Evaporator
the 1992 International Refrigeration Conference - Tubes, Transactions of the Japanese Society of
Energy Efficiency and New Refrigerants, edited by MechanicalEngineers(JSME),seriesB, volume55,
D. R. Tree and J. E. Braun,PurdueUniversity,West number513, pages 1410-1416, 1989 (in Japanese);
Lafayette,IN, volume 1, pages 167-176, July 1992 republishedinHeat Transfer -Japanese Research,
(10 pages with 15figuresand 1 table, RDB2718) Scripta Technica, Incorporated (Wiley Company),

R. L. Webb and C. Pats (PennsylvaniaState Univer- volume 20, number 2, pages 113-129,May 1991 (in
sity), Nuclet_te Pool Boiling Data for Five Refrig- English, 17pages with 14 figures, RDB2905)

erants on Three Tube Geometries, technical pa- Condensing Refrigerants in Horizontal and In-
per 3443, Transactions, AmericanSociety of Heat- clined Tubes, research project 1-RP, American
ing, Refrigerating,and Air-ConditioningEngineers Society of Heating, Refrigerating,and Air-Condi-
(ASHRAE), Atlanta, GA, volume 97, part 1, 1991 tioning Engineers (ASHRAE), Atlanta, GA, April
(RDB2404) 1966 (A3HO001)

J. G. Withers and E. P. Habdas (UOP Wolverine This research developed correlationsfor heat
Tube Division), Heat Transfer Characteristics of transfer in smooth tubes, both horizontaland
Helical-Corrugated Tubes for Intube Boiling of
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inclined, for condensing of R-12. Annular,dis- Committee 8.5, Liquid to Refrigerant Heat Ex.
persed and annular-dispersed,and wave and changers. Proposalsfor this researchwere due
wave-annularflow regimeswere identified.The at ASHRAE Headquartersby 1 June 1992 and
heat transfer equationsdeveloped are applica- are beingevaluated;further informationis avail-
ble to condensation within the annular-flow able from the ASHRAE Manager of Research
regime. The contractor for the project was (+1-404/636-8500).
KansasState University,led by R. G. Nevins; it
was sponsored by ASHRAE Technical Com- Experimental Determination of Shell-Side Con-
mittce1.3,Heat Transferand F/uid Row. denser Bundle Heat Transfer Design Factors for

Refrigerants R-123 and R-134a, researchproject
Experimental Determination of Heat Transfer in 676-RP,AmericanSocietyof Heating,Refrigerating,
Water-Cooled Condensers and Direct Expansion and Air-ConditioningEngineers(ASHRAE),Atlanta,
Water Coolers Using Brazed Plate Heat Ex- GA,June1991-December1993 (ASH0676)
changers, proposed research project 752-TRP, This research will determine the heat transfer
AmericanSociety of Heating, Refrigerating,andAir- coefficients(HTC) for R-123 and R-134a incon-
Conditioning Engineers (ASHRAE), Atlanta, GA densers for the refrigerant-side (outside) of
(ASH0752) tubes. Limitedmeasurementsalsowill be made

This project willdetermineaverageheattransfer for R-11and R-12for comparison. Fouror more
coefficientsfor R-22and R-134afor counterflow different geometries for tube bundles, with at
plate heat exchangers. Two or more commer- leasttwo finned and two enhancedtubestypes,
cially-available, brazed-plate heat exchangers will be examined Correlationsor chartswill be
willbe tested. Heat transfercoefficientswill be developed for use in heat exchanger design.
measuredfor the refrigerantsfor condensingat The contractorfor the projectis Iowa State Uni-
41 °C (105 °F) and evaporating at 2 °C (35 °F). versityof Scienceand Technology led by M. B.
Water-sidecoefficientsalso will be determined. Pate; it is sponsored by ASHRAE Technical
The coefficientsand associatedpressuredrops Committee 8.5, Liquid-to-Refrigerant Heat Ex-
will be presentedas functionsof the mass flow changers.
rates,which willbe varied overthe full range of
commercial applications. Superheating and Heat Transfer and Fluid Flow in Spray Evapors-
subcoolingeffectsalsowill be investigated.The tors with Applicationto Reducing Refrigerant In-
overall goal is to provide basic informationto ventory, researchproject 668-RP, American Soci-
permit potentialusers to evaluate counterflow, ety of Heating, Refrigerating,and Air-Conditioning
brazed-plate heat exchangers as refrigerant Engineers(ASHRAE),Atlanta,GA, June 1991- De-
evaporators and condensers. This project is cember 1993 (ASH0668)
sponsored by ASHRAE Technical Committee This researchaddressesthe heat transferand
8.5, Liquid to Refrigerant Heat Exch,_ngers. fluid flow for R-22, R-123, and R-134a in falling-
Proposals were due at ASHRAE Headquarters film (spray) evaporatorswith horizontaltubes.
on 1 June 1992 and are beingevaluated;further The work includes performance of a literature
informationis availablefrom the ASHRAEMan- search, experimental measurement of heat
ager of Research(+ 1-404/636-8500). transferon both singletubesand tube bundles.

Bothplain and enhanced tube surfaceswill ad-
Experimental Determination of the Effect of Oil dressed under varied temperature and flow to
on Heat Transfer in Flooded Evaporators with determinethe optimumconditions.Correlations
Refrigerants HCFC-123, HFC-134a, and HCFC- or charts will be developed for use in heat ex-
22, proposed research project 751-TRP,American changer design. A goal is to enable designof
Society of Heating, Refrigerating,and Air-Condi- equipment for comfort cooling using reduced
tioning Engineers (ASHRAE), Atlanta, GA (ASH- inventoriesof refrigerants.An overallgoal is to
0751) provide basic informationto permit potential

This project will determine average shell-side usersto evaluatecounterflow,brazed-plateheat
boilingcoefficientsfor R-22, R-123,and R-134a exchangersas refrigerantevaporatorsand con-
with compatible lubricantsfor finned and en- densers. The contractorfor the project is Iowa
hanced tube surfaces,as used in flooded evap- State Universityof Science and Technology led
orators. The work will expand on that ad- by M. B. Pate; it is sponsored by ASHRAETech-
dressed in ASHRAE 392-RP,by covering the in- nical Committee 1.3, Heat Transfer and Fluid
fluences of the lubricants. Heat flux, mass flux, Flow.
and vapor quality will cover tyoical conditions
for air conditioning and refrigeration for lubri- Heat Transfer and Fluid Flow Study of Ammonia
cant concentrations of 0-10% at evaporator Spray Evaporators, research project 725-RP,
temperatures of approximately 4 °C (40 °F). American Society of Heating, Refrigerating, and Air-
This project is sponsored by ASHRAETechnical

i please see pages 4-6 for ordering information I-
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Conditioning Engineers (ASHRAE), Atlanta, GA, perature of water flowing through a tube posi-
April1992-April 1994 (ASH0725) tioned in a refrigerant bath, the overall heat

This researchaddressesheat transfer and fluid transfercoefficientandheat fluxcapabilityof the
flow for ammonia in falling-film (spray) evapo- coppertube were determined.Tabulardata and
raterswith horizontaltubes. The work includes overall heat transfer coefficientand heat flux
performanceof a literaturesearch,experimental plots are presented. The heat transfer coeffi-cient for R-123 was 3-6% lower than that for R-
measurement of heat transfer on both single
tubes and tube bundles. Both plain and en- 11.
hanced tube surfaceswill addressedundervar-
ied temperatureand flow to determinethe opti- Performance of Turbo-B(R) Enhanced Boiling
mum conditions. Correlationsor chartswill be Tubes in CFC-12 and HFC-134a, E. I. du Pontde
developedfor use in heat exchangerdesign. A Nemoursand Company, Incorporated,Wilmington,DE, and Wolverine Tube, Incorporated, Decatur,
goal is to enabledesign of equipmentfor com- AL, 17 December 1990 (6 pageswith 2 figuresand
fort cooling using reduced inventoriesof am-
monia. An overallgoal is to provide basic in- 2 tables,availablefrom JMC as RDBOC03)
formation to permit potentialusers to evaluate This documentcomparesthe performanceof a
counterflow, brazed-plate heat exchangers as commercially-available,enhanced heat transfer
refrigerant evaporatorsand condensers. The tube withR-12 and R-134a. Byvaryingthe tem-
contractorfor the project is the Texas Techno- perature of water flowing through a tube po-
logical University,led by M-C. Chyu; it is spon- sitioned in a refrigerant bath, the overall heat
sored by ASHRAE Technical Committee 1.3, transfercoefficientandheat fluxcapabilityof the
Heat Transferand Fluid Flow. coppertubewere determined. Tabulardata and

overall heat transfer coefficientand heat flux
Heat Transfer and Pressure Drop During Con- plots are presented. The heat transfer coeffi-
densation and Evaporation of R-134a/Oil Mix- cient for R-134awas 4-30% higherthan that for
tures in Smooth and Micro-Fin Tubes, research R-12.
project 630-RP, American Society of Heating, Re-
frigerating,and Air-ConditioningEngineers (ASH- Oil Quantity Measurements in Smooth and Mi-
RAE), Atlanta, GA, April 1990 - November 1992 cro-Fin Tubes During Evaporation and Conden-
(ASH0630) sation in Refrigerant-Oil Mixtures, researchpro-

This project is investigatingheat transfer and ject 469-RP,American Societyof Heating, Refriger-
pressuredrop for in-tube evaporationand con- ating, and Air-ConditioningEngineers (ASHRAE),
densationfor R-134a. The effectsof lubricants Atlanta,GA (ASH0469)
also willbe examined. Existingcorrelationswill Thecontractorwas Iowa State Universityof Sci-
be evaluatedand modified. The contractorfor ence andTechnologyled byM. B. Pate.
the project is Iowa State University of Science
and Technology led by M. B. Pate; it is spon- Heat Transfer and Fluid Flow in a Finned-Tube
sored by ASHRAE Technical Committee 1.3, Flooded Evaporator, research project 392-RP,
Heat Transferand Fluid Flow. AmericanSocietyof Heating,Refrigerating,andAir-

ConditioningEngineers (ASHRAE), Atlanta, GA,
Heat Transfer Rates from a Submerged Rotating phase II!: September 1989 - October 1992 (ASH-
Cylindrical Heater to an Evaporating Fluid, re- 0392)

searchproject 14-RP,AmericanSocietyof Heating, The objective of this project is to develop data
Refrigerating, and Air-Conditioning Engineers to improve designs of flooded evaporators.
(ASHRAE),Atlanta,GA, July 1962 - ,July1963 (ASH- Heat transfer coefficients are being measured
0014) for different finned-tube geometries. The first

The contractor for the project was the University two phases entailed a literature search and ad-
of Kentucky, led by M. Baker; it was sponsored dressed modelling and simulation, respectively.
by ASHRAE Technical Committee 1.3, Heat Phase III is collecting and analyzing data on
Transferand Fluid Flow. pool and forced-convection boiling. The con-

tractor is Pennsylvania State University, led by
Performance of Turbo-B(R) Enhanced Boiling R.L. Webb andC. Pais;it is sponsoredby ASH-
Tubes in CFC-11 and HCFC-123, E. I. du Pont de RAETechnical Committee8.5, Liquid to Refrig-
Nemours and Company, Incorporated, Wilmington, erant Heat Exchan(3ers. ' [see RDB2404 and
DE, and Wolverine Tube, Incorporated, Decatur, RDB2405for findings]
AL, 17 December 1990 (9 pages with 2 figures and
2 tables, available from JMC as RDBOC02)

This document compares the performance of a
commercially-available, enhanced heat transfer
tube with R-11and R-123. By varying the tem-
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SAFETY I cluding itsaddendum (ANSI/ASHRAEStandard
I 15-1991) and earliereditions.

Absorption of Ammonia into Water, research
project 591-RP, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers Flammability
(ASHRAE), Atlanta, GA, September 1988 - June
1990 (ASH0591) R.G. Richardand I. R. Shankland(Allied-SignalIn-

The contractorforthe projectw_s KansasState corporated), Flammability of Alternative Refrig-
Universityat Manhattan,led by D. L. Fentonand erants, ASHRAE Jouma/, American Society of
R. L. Gorton; it was sponsored by ASHRAE Heating, Refrigerating,and Air-ConditioningEngi-
Technical Committee10.1, Custom Engineered neers (ASHRAE),Atlanta,GA, volume34, number
Refrigeration Systems. 4, pages20 and 22-24, April1992 (RDB2525)

This article reports data for refrigerantflamma-
Number Designation and Safety Classification of bilitymeasurementsusingthe ASTM E-681 test
Refrigerants, ANSI/ASHRAE Standard 34-1992, procedure. Lower and upper flame limits (LFL
AmericanSocietyof Heating, Refrigerating,and Air- and UFL) are tabulated for R-11, R-22, R-30
Conditioning Engineers (ASHRAE), Atlanta, GA, (methylenechloride), R-32, R-50 (methane), R-
February1992 (16 pageswith 1 figureand 5 tables, 113, R-123, R-123a, R-124, R-125, R-134, R-
RDB2909) 134a, R-140a, R-141b, R-142b, R-143, R-143a,

This voluntary, consensusstandarddescribesa R-152, R-152a, R-161, R-218, R-290 (propane),
shorthandway of naming refrigerantsand clas- R-C318,R-600 (butane), R-6OOa(Isobutane),R-
sifiesthem accordingto potentialhazards, lt is 611 (methylformate), R-717 (ammonia),dimeth-
intended to establisha simple means of refer- yl ether,and sulfur hexafluoride.The flammabil-
ring to common refrigerants,instead of using itytest procedureand apparatusare discussed,
the chemical name, formula, or trade name. lt includingattentionto the ignitionsource, based
also establishesa uniform systemfor assigning on recommendationsof ASHRAEStandard34-
unambiguousreferencenumbers,composition- 1992. Flammabilitylimits are compared for R-
designatingprefixes for refrigerants,and safety 32, R-141b, and R-142b, to illustratethe influ-
classifications based on toxicity and flammabil- ence of alternative ignition sources and condi-
ity. This standard is widely cited in construction tions. Critical flammability ratios are presented
codes and provides the classifications used in for selected mixtures.
ASHRAE Standard 15-1992, Safety Code for
Mechanical Refrigeration, to specify safety re- H. Shaoqiang, L. Xiaoping, and X. Chunfei
quirements for refrigerant use. This version su- (Wanbao Refrigerator Industrial Corporation,
persedes ANSI/ASHRAE Standard 34-1989and China), Refrigerant HFC-152a Flammability Test
earlier editions. Results, publication unknown, undated circa 1991

(4 pages with 1 table, available from JMC as RDB-
Safety Code for Mechanical Refrigeration, ASH- 2512)
RAE Standard 15-1992, American Society of Heat- This paper assessesthe flammability riskof R-
ing, Refrigerating,and Air-ConditioningEngineers 152a, which is reported as flammable in con-
(ASHRAE),Atlanta,GA, July1992 (RDB2910) centrationsof 4.7-16.8% by volumein air. The

This voluntary, consensus standard specifies authorshypothesizedthat the highestprobabil-
reasonablesafeguardsof life, limb, health, and ity of fires and explosions will occur when
property;definespracticesthat are inconsistent enough refrigerant leaked from the freezer
with safety, and prescribessafetystandards, lt evaporator into the fresh-food compartment,
applies to mechanicalrefrigeratingsystemsand with ignitioncaused by an arc or sparkfrom the
heat pumps used in identifiedoccupancies as thermostat. Concentrationsof 5, 10, 15, and
well as to componentsreplaced afteradoption. 20% R-152awere tested usingan electric pulse
The purpose is to promote the safe design, con- spark. Ignition was found to be unlikely in the
struction, and operation of covered systems, model tested (BCD-158), because of incomplete
This standard is widely cited and either incorpo- mixing and the location of the thermostat. The
rated by reference or directly quoted in con- risk would be high in a frost-free refrigerator, re-
struction codes, lt prescribes the maximum quiring an explosion-proof thermostat. The pa-
quantities of individual refrigerants that may be per concludes that the most likely scenario for a
used for specific building occupancies as well fire is when the concentration reaches 12% and
as component, equipment, and installation re- is exposed to an open flame. A person standing
quirements. Minimum safety devices, marking, near the refrigerator could be injured by a blow
and tests also are specified. This version super- from the door opened by fire or explosion, by
sedes ANSI/ASHRAE Standard 15-1989, in- flames, or both. No deformation or damage to

! I please see pages 4-6 for ordering information 1
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the refrigeratorcabinet was observedfrom test Results of Testing: Flashpoint of Isotron 141b,
fires, preliminaryinformationbulletin,Elf Atochem North

America, Incorporated (provided by the former
Combustion of Ammonia With and Without Oil Pennwalt Corporation),King of Prussia, PA, May
Vapor, research project682-RP, American Society 1989 (1 page, available from JMC as RDB0523,
of Heating, Refrigerating,and Air-ConditioningEn- picturemissing)

I gineers (ASHRAE),Atlanta,GA, September1991 - The procedure and results of measuring theSeptember1993 (ASH0682) flash pointof R-141b are summarized based on
This project will redetermine the flammability ASTM D1310 testsusinga Fisher/Tag opencup
limitsof ammonia (R-717) in air as well as the apparatus. No flashpointwas observed for this
combustibilityof air-ammonia-oil and air-am- fluid even though it has lower and upper
monia-methanemixtures, in concentrationsof flammabilitylimits. The nature of the liquid is
100-250,000ppm. lt also willexaminethe geo- suchthat itdoes not producea vaporlayer that
metric configurationsfor release that facilitate willflashaccordingto the standardtestmethod.
combustion,in order to improvedischargede- The document notes that similar behaviorhas
signs for flaring. The contractor for this re- been observed for chlorinatedsolventssuchas
search is Kansas State University,led by D.L. R-30 (methylenechloride) and R-140a (methyl
Fenton and K. S. Chapman; it is sponsoredby chloroform).
ASHRAE Technical Committee 10.1, Custom
Engineered Refrigeration Systems. Results of Testing: Maximum Rate of Pressure

Rise - Maximum Explosion Pressure of Isotron
Flammability Characteristics of Isotron 141b, 141b, preliminaryinformationbulletin,ElfAtochem
preliminaryinformationbulletin,ElfAtochem North North America, Incorporated(provided by the for-
America, Incorporated (provided by the former mer Pennwalt Corporation),King of Prussia,PA,
Pennwalt Corporation),King of Prussia,PA, May May 1989 (2 pages with1 table,availablefrom JMC
1989 (1 page, availablefromJMC as RDB0521) as RDB0524,picturemissing)

Lower and upper flammability limits (LFL and The procedure and results of measuring the
UFL), as a volume percentage of refrigerantin maximum rate of pressure rise and maximum
humidair, are givenfor R-141b based on ASTM explosionpressureof R-141b are summarized.
E681 tests. The limits cited are 7.4-15.5% at 21 The rate of pressurerise is reportedas 262and
°C (70 °F) and 5.8-16.5% at 120 °C (250 °F). The 220 kPa/s (38 and32 psi/s) at 21 °C (70 °F) and
maximum explosion pressure and maximum 120 °C (250 °F), respectively,in a 0.37 m'j (13.1
rate of pressureriseare tabulated for the same cf) vessel. The maximum pressureis reported
temperatures. Flammabilitycharacteristicsof as 78 and 57 psigat correspondingconditions.
ethyl alcohol and R-290 (propane) are pre- A comparison of normalized rates of pressure
sented for comparison. A higherconcentration rise(the Kg) showsR-141bto be approximately
of R-141b is required for flammability. Addition- 230 times lesssevere than R-290 (propane) and
ally, R-141b exhibits significantly lower rates of 50 times less severethan ethanol.
pressure rise and lower heats of combustion.

Flammability Characteristics of Isotron 142b,
Results of Testing: Limits of Flammability for preliminaryinformationbulletin,ElfAtochem North
Isotron 141b, preliminary informationbulletin,Elf America, Incorporated (provided by the former
AtochemNorth America, Incorporated(providedby PennwaltCorporation),King of Prussia, PA, May
the former PennwaltCorporation),Kingof Prussia, 1989 (1 page,availablefrom JMC as RDB0525)

PA, May 1989 (4 pages with 5 figuresand 1 table, Lower and upper flammabilitylimits (LFL and
availablefromJMC as RDB0522,picturemissing) UFL), as a volume percentageof refrigerantin

Lower and upper flammability iimits (LFL and humidair,are givenfor R-142b based on ASTM
UFL), as a volume percentage of refrigerantin E681 tests. The LFLcited is 7.8% at 21 °C (70
humidair, are given for R-141b based on ASTM °F) usinga fuse wireas the ignitionsource. The
E681-85tests. The limits cited are 7.4-15.5% at cited LFLandUFL, usinga matchas the ignition
21 °C (70 °F) and 5.8-16.5% at 120 °C (250 °F). source, are 6.9-17.0% at 21 °C (70 °F) and 6.1-
Comparativedata are presentedfor R-6OOa(iso- 17.8% at 120°C (250 °F). The maximum explo-
butane) and ethanol, 1.86-8.5% and 3.46-18.4% sion pressure and maximum rate of pressure
respectively. A modified test procedure and the rise are tabulated for the same temperatures.
method of determining flammability limits are Flammability characteristics of ethyl alcohol and
presented. Additionally, the effects of humidity, R-290 (propane) are presented for comparison.
temperature, and ignition source on flammability A higher concentration of R-142b is required for
testing are discussed, flammability. Additionally, R-142b exhibits sig-

nificantly lower rates of pressure rise and lower
heats of combustion.
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Results of Testing: Limits of Flammability for Toxicity
Isotron 142b, preliminary informationbulletin,Elf
Atochem NorthAmerica, Incorporated(providedby Clement Associates, Incorporated, Health Effects
the former PennwaltCorporation),Kingof Prussia, Assessment for Ammonia, The Fertilizer Institute,
PA, May 1989 (4 pages, available from JMC as Washington,DC, February1990 (148 pages, RDB-
RDB0526,picturemissing) 1106)

Lower and upper flammability limits (LFL and This documentreviewsdata relevantto assess-
UFL), as a volume percentage of refrigerantin ing the health effectsof inhalationexposureto
humidair, are given for R-142b based on ASTM ammonia.The focus is on chronic exposures;
E681 tests. The LFL cited is 7.8% at 21 °C (70 information on subchronic and acute exposures
°F) usinga fusewire as the ignitionsource. The also is reviewedto acquirea complete pictureof
citedLFL andUFL, usinga matchas the ignition the toxicityof ammonia. Physicaland chemical
source,are 6.9-17.0% at 21 °C (70 °F) and 6.1- properties, sources, environmentalfate, envi-
17.8%at 120 °C (250 °F). Comparativedata are ronmentaleffects,and other related topics are
presented for R-600a (isobutane)and ethanol, discussedto providecontextandperspective.
1.86-8.5%and 3.46-18.4% respectively. A mod-
ified test procedure and the method of deter- Meridian Research, Incorporated,Results of Em-
miningflammabilitylimits are presented. Addi- ployee Exposure Monitoring for HCFC-123 at
tionally, the effects of humidity, temperature, Centrifugal Chiller Installations, U.S. Environ-
and ignition sourceon flammabilitytestingare mental Protection Agency, Washington, DC, 26
discussed. November1991 (82 pages,RDB2529)

Results of Testing: Flashpoint of Isotron 142b, J. Parsnow, Monitoring Instruments for HCFC-
preliminaryinformationbulletin,Elf AtochemNorth 123, publication 819-060, Carrier Corporation,
America, Incorporated (provided by the former Syracuse, NY, April 1992 (8 pages with 2 figures
Pennwalt Corporation),King of Prussia,PA, May and 1 table, RDB2915)
1989 (1 page with 1 figure, availablefrom JMC as
RDB0527,picturemissing) H.W. Sibley,A Study for Determining Refrigerant

The procedure and results of measuring the Exposure Levels While Servicing an HCFC-123
flash pointof R-142b are summarizedbasedon Centrifugal Chiller, publication819-061, Carrier
ASTM D1310 testsusinga Fisher/Tag opencup Corporation, Syracuse, NY, April 1992 (8 pages
apparatus. No flashpointwas observedfor this with 4 figuresand 1 table,RDB2916)
fluid. An upward extension of a test flame was
observedwhen passedover a sampleof the re- Report on Testing and Analysis of the Concen-
frigerant. The extension grew with increasing tration of HCFC-123 in Field Installations with
temperature of the refrigerant, but the vapor General Machinery Rooms Containing Hermetic
space above the liquid neither flashed nor Centrifugal Chillers, report CFC-1, The Trane
burnedaway fromthetest flame. Company,La Crosse,WI, October 1991 (34 pages

with 14 figuresand 15 tables,RDB2246)

Results of Testing: Maximum Rate of Pressure This report providesmeasured data on R-123
Rise - Maximum Explosion Pressure of Isotron concentrations in equipment rooms housing
142b, preliminaryinformationbulletin,Elf Atochem hermeticcentrifugalchillers. Twelve sites, rep-
North America, Incorporated (providedby the for- resentinga broad range of applications,were
mer Pennwalt Corporation), King of Prussia,PA, tested duringnormaloperation. Additionaldata
May 1989 (2 pages with 1 table,availablefromJMC were taken at two sitesdudng refrigeranttrans-
as RDB0528,picturemissing) fers. Measurementswere made by gas chro-

The procedure and results of measuring the matography,both on site and using activated
maximum rate of pressure rise and maximum charcoal tubes (subsequentlyanalyzed in labo-
explosionpressureof R-142b are summarized, ratories). Ali of the sites except one were de-
The rate of pressurerise is reported as 606 and termined to have concentrationssubstantially
634 kPa/s (88 and92 psi/s) at 21 °C (70 °F) and less than 1 ppm, if any. Concentrationsabove
120 °C (250 °F), respectively,in a 0.37 m'_ (13.1 minimum quantifiable levels, 0.33-0.56 ppm,
cf) vessel. The maximum pressureis reported weredetected in onlytwo cases. Leakage from
as 88 and 68 psig at correspondingconditions, empty, but improperlysealed, refrigerantdrums
A comparison of normalized rates of pressure was identified as the probable cause for one
rise (Kg)showsR-142bto be approximately100 site. The sourcesin the other were improperly
times less severe than R-290 (propane) and 23 sealed drums and a leak from the purge vent
timeslessseverethan ethanol, line. The latter was ascribed to improperfield

installationand use of incompatiblepiping ma-
terials. A retest of this site, after corrections,

Ii 1please see pages 4-6 for ordering information
-
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found concentrations in line with the others. AmericanSociety of Heating, Refrigerating,and Air-
Reports on the individual sites and summary Conditioning Engineers (ASHRAE), Atlanta, GA
discussion describe the tests and safety con- (ASH0762)

siderations for refrigerants. The findings em- This project is sponsored by ASHRAETechnical
phasize the importance of following proper re- Committee 8.8, Refrigerant System Controls
frigerant handling and storage procedures as and Accessories. Proposals are due at ASH-
well as installation recommendations. RAE Headquarters by 1 January 1993; further

information is available from the ASHRAE Man-
Report of Worker Exposure to HCFC-123 During agerof Research(+ 1-404/636-8500).
Servicing of Hermetic Centrifugal Chillers, report

CFC-2, The Trane Company, La Crosse,Wl, May Charge Inventory Calculations for Evaporating
1992 (16 pages with 3 figures and 9 tables, RDB- and Condensing Refrigerants Inside Tubes, pro-
2908) posed researchproject 758-TRP,American Society

This report addresses the safety aspects of ex- of Heating, Refrigerating, and Air-Conditioning En-
posure of service personnel to R-123during the gineers (ASHRAE),Atlanta, GA (ASH0758)

full range of service procedures for centrifugal This research project is sponsored by ASHRAE
chiller applications. Earlier toxicity findings and Technical Committee 8.4, Air-to-Refrigerant
implications are reviewed as background. The Heat TransferEquipment.
report then documents the measured concen-

trations during refrigerant transfer, routine Fundamental Study of Refrigerant Line Tran-
maintenance, and major service from three dif- sients, proposed research project 736-TRP,Ameri-
ferent installations. Chronic (long-term), acute can Society of Heating, Refrigerating, and Air-
(short-term intermittent), and emergency acute Conditioning Engineers (ASHRAE), Atlanta, GA
exposure considerations are outlined. The (ASH0736)
measurement procedures are described; they
used activated charcoal tubes subsequently an- This research project will identify causes and
alyzed by gas chromatography in laboratories, consequences of pressure transients, induced
and on-site infrared vapor analyzers. Time- by condensation during hot-gas defrost, in re-
weighted average (TWA) exposures are tabu- frigerant piping. The underlying goal is to de-
lated for the chronic exposures, ranging from velop means to prevent their occurrence, either
less than the limit of quantification (LOQ) to 1.9 by appropriate design or operation. The prob-
ppm. Peak concentrations and durations are lem induces hydraulic shock and vapor-pro-
tabulated for the intermittent, acute exposures, pelled liquid slugging. The work will involve a
Test reports are included to describe each site literature search, documentation of critical flow
and provide detailed measured data. The report regimes, and analysis of both condensation-in-
concludes that the long-term concentrations duced hydraulic shock and vapor-propelled liq-
observed were more than five times below the ujd slugs. This project is sponsored by ASH-
allowable exposure level (AEL) of 10 ppm. The RAE Technical Committee 10.3, Refrigerant
instantaneous concentrations were well within Piping. Proposals are due at ASHRAE Head-
the 30-50 ppm limits based on guidelines devel- quarters by 30 December 1992; further informa-
oped by the American Conference of Govern- tion is available from the ASHRAE Manager of
ment Industrial Hygienists (ACGIH). The find- Research (+1-404/636-8500).
ings emphasize the importance of following
proper handling and storage procedures for re- Measurement of Two-Phase Refrigerant Liquid-
frigerants and installationrecommendationsof Vapor Mass Flow Rate, researchproject 722-RP,
ASHRAEStandard15R [now 15-1992]. AmericanSocietyof Heating,Refrigerating,andAir-

Conditioning Engineers (ASHRAE), Atlanta, GA,
April 1992- April 1994 (ASH0722)

The contractor for the project is McMaster
PIPE SIZING AND FLOW University,led by M. Shoukri; it is sponsoredby

Technical Committee 1.2, Instruments and
T. Atwood (Allied-SignalIncorporated),Pipe Sizing Measurements.
and Pressure Drop Calculations for HFC-134a,
ASHRAEJournal, AmericanSocietyof Heating, Re- Pressure Drop in Refrigerant Suction Lines at
frigerating, and Air-ConditioningEngineers (ASH- High Refrigerant Flux with Oil in Circulation,
RAE), Atlanta, GA, pages 62-66, April 1990 (5 proposed research project 731-TRP,American So-
pages, RDB0513) ciety of Heating, Refrigerating, and Air-Conditioning

Engineers (ASHRAE),Atlanta, GA (ASH0731)

I apillary Tube Performance with AlternativeRefrigerants, proposed research project 762-TRP,
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I This research project is sponsored by ASHRAE heat pumps and air conditioners, and R-502Technical Committee 10.3,Refrigerant Piping. from low-temperature frozen food cases. The
principal investigator was R. E. Kaufman at the
University of Dayton Research Institute. The
project was sponsored by ASHRAE Technical
Committee 3.3, Contaminant Control in Refrig-

RECYCLING, RECLAMATION, AND erating Systems. [see RDB2429for findings]
DISPOSAL

Sealed-Tube Tests of Refrigerants from Field
R. E. Kauffman(Universityof Dayton Research In- Systems Before and After Recycling, research
stitute), Chemical Analysis and Recycling of project 683-RP, American Society of Heating, Re-
Used Refrigerant from Field Systems, paper3555 frigerating,and Air-ConditioningEngineers(ASH-
(RP-601) (Winter Meeting, Anaheim, CA, January RAE),Atlanta,GA, April1991 - ongoing(ASH0683)
1992), Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers This project will quantify typical contaminant
(ASHRAE),Atlanta, GA, volume 98, part 1, pages levelsin refrigerantsafteroil separation,filtering,
128-136, 1992 (9 pages with 4 figuresand 1 table, and drying, lt also willdeterminethe effectsofcontaminantsat the concentrationsfound. The
RDB2429) focus is on R-11from centrifugalchillers,R-12

This paper summarizesresearchto identifyand from commercial refrigerationsystems, R-22
quantifythe typical contaminant levels in used from unitary heat pumps, and R-502 from low-
refrigerants. A total of 39 samples were taken temperaturecommercial refrigerationsystems.
from both normallyoperatingand failed air-con- The work is an extensionof ASHRAE research
ditioning and refrigerating systems. These project RP-601 and is being performed by the
samples included R-11 from centrifugal chillers, same contractor, the University of Dayton Re-
R-12 from commercial refrigeration systems, R- search Institute led by R. E. Kaufman. lt is
22 from unitary heat pumps and air condition- sponsored by ASHRAE Technical Committee
ers, and R-502 from low-temperature frozen 3.3, Contaminant Control in Refrigerating Sys-
food cases. Results are summarized for mea- tems.
surement of water content (Kad Fisher tech-
nique), acid content (ASTM664 tests), ion con- State of Knowledge Summary of Chlorofluoro-
tent (ion-specific electrode), high-boiling con- carbon Handling Technologies: Destruction,
tent (gravimetric technique, gas chromatogra- Recycling, and Encapsulation, draft report for
phy, and mass spectrography), particulate con- U.S. Department of Energy, E. A. Mueller Consult-
tent (direct-current plasma emission spec- ing Engineers, Baltimore, MD, May 1989(65 pages,
trometer and scanning electron microscope), RDB1107)
and volatile impurity content (gas chromatogra-
phy and mass spectrometry). The contaminant Reducing Emission of Fully Halogenated Chlo-
levelsfoundexceeded thoseof new refrigerants, rofluorocarbon (CFC) Refrigerants in Refrigera-
but the types and concentrationsvaried by re- tion and Air-Conditioning Equipment Applica-
frigerant, application, and whether a system tions, ASHRAE Guideline 3-1990 plus addendum
burnout had occurred. Laboratory tests evalu- ASHRAE Guideline 3a-1992, American Society of
ated a recycling scheme based on oil separa- Heating, Refrigerating, and Air-Conditioning Engi-
tion followed by water and acid removal, by an neers (ASHRAE), Atlanta, GA, 1990 and 1992 (30
alumina/molecular sieve filter/dryer. The pre- pages with 5 tables, RDB2911)
liminary study showed that this recycling proce-
dure is effective in removing acids, but has in- This guideline covers ali refrigeration and air-
significant effects on volatile impurities and conditioning equipment and systems that use
high-boiling residue. The effects of noncon- fully halogenated CFC refrigerants, lt recom-
densable gases were not addressed, mends practices and procedures to reduce in-

advertent release of CFC refrigerants during

Chemical Analysis and Recycling of Used Re- manufacture, installation, testing, operation,
frigerant from Field Systems, research project maintenance,and disposal of refrigerationand
601-RP,American Societyof Heating,Refrigerating, air-conditioningequipmentand systems, lt also
and Air-ConditioningEngineers(ASHRAE),Atlanta, covers refrigerant recovery, recycling, reclaim,
GA, March 1989- January1991 (ASH0601) anddisposal.

This study identifiedand quantifiedtypical con-
taminant levels in refrigerantsfrom both nor-
mally operating and failed air-conditioningand
refrigeratingsystems. These samples included
R-11 from centrifugal chillers,R-12 from com-
mercial refrigerationsystems,R-22 from unitary

i I

[ please see pages 4-6 for ordering information I
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TEST AND ANALYSIS METHODS notogy, Boulder, CO, August 1990 (192 pages,
availablefrom Superintendentof Documents, U.S.
Government Printing Office, Washington, DC

T. D. Armstrong,Chloride Analyses as a Measure 20402 USA; order by stock number 003-003-
for the Evaluation of Sealed Tube Tests, Trans- 03036-8for $12.00 prepaid, RDB2250)
actions, American Society of Heating, Refrig- This report assembles infrared and mass spec-
erating, and Air-Conditioning Engineers (ASHRAE), rra on a range of ethane and ethylene com-
Atlanta, GA, volume 71, part I, pages 150 rf, 1965 pounds relevant to research of alternative re-
(RDB2325) frigerants. Limited physical property and safety

data also are included. Some compounds ad-
J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea- dressed are not suited for refrigerant use, but
suring the Concentration of a Flowing Oil-Re- could be found as impurities or as reac-
frigerant Mixture with a Bypass Viscometer, tion/decomposition products in refrigerant
Transactions, American Societyof Heating, Refrig- tests. This publicationprovidesan information
erating,and Air-ConditioningEngineers(ASHRAE), source to aid in identificationof such com-
Atlanta, GA, volume 94, part 2, 1988 (RDB2406) pounds. The ethane compounds addressed in-

clude R-112, R-112a, R-113, R-113B2, R-113a,
J. Jo Baustian, M. B. Pate, and AoE. Bergles, Mea- R-114,R-114a, R-114B2,R-115,R-116,R-121,R-
suring the Concentration of a Flowing Oil-Re- 122, R-123, R-123B1, R-123B2, R-123aB1, R-
frigerant Mixture with a Vibrating U-Tube Den- 124, R-125, R-131, R-131a, R-132b, R-132bB2,
simeter, Transactions, American Society of Heat- R-133a, R-133aB1, R-134, R-134a, R-141, R-
ing, Refrigerating,and Air-ConditioningEngineers 141b, R-142B1, R-142b, R-143, R-143a, R-
(ASHRAE), Atlanta, GA, vo!ume 94, part 2, 1988 151B1, R-152a, and R-161. Ethylene com-
(RDB2407) pounds covered Include R-1110, R-1111, R-

1112a, R-1112aB2, R-1113, R-1114, R-1120, R-
J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea- 1121, R-1122B1, R-1123, R-1130, R-1130, R-
suring the Concentration of a Flowing Oil-Re- 1130a, R-1131a,R-1132a,and R-1141.
frigerant Mixture with an Acoustic Velocity Sen-
sor, Transactions, American Society of Heating, G.C. Doderer and H. O. Spauschus(GeneralElec-
Refrigerating, and Air-Conditioning Engineers tric Company), A Sealed Tube - Gas Chromato-
(ASHRAE), Atlanta, GA, volume 94, part 2, 1988 graph Method for Measuring Reaction of Refrig-
(RDB2408) erant 12 with Oil, Transactions, AmericanSociety

of Heating, Refrigerating,and Air-ConditioningEn-
J. J. Baustian,M. B. Pate, and A. E. Bergles,Mea- gineers (ASHRAE),Atlanta,GA, volume 72, part II,
suring the Concentration of a Flowing Oil-Re- pages IV.4.1-iV.4.5,1966 (RDB2326)
frigerant Mixture: Instrumentation Test Facility
and Initial Results, Transactions, American Soci- S.R. Dunneand T. J. Clancey,Methods of Testing
ety of Heating, Refrigerating,and Air-Conditioning Desiccants for Refrigerant Drying, Transactions,
Engineers(ASHRAE),Atlanta,GA, volume 94, part American Societyof Heating,Refrigerating,and Air-
1, pages 167-177,1988 (RDB2247) Conditioning Engineers (ASHRAE), Atlanta, GA,

volume90, part 1, 1984(RDB2431)
T. Jo Bruno, Chemical Analysis Protocol for Al-
ternative Refrigerants - Part 1: Spectroscopic H.M. Elsey, Small Sealed Tube Procedure for
Methods, paper 3618 (AnnualMeeting, Baltimore, Quality Control of Refrigeration Oils, Transac-
MD, June 1992), Transactions, AmericanSocietyof tions, American Society of Heating, Refrigerating,
Heating, Refrigerating,and Air-ConditioningEngi- and Air-ConditioningEngineers(ASHRAE),Atlanta,
neers (ASHRAE), Atlanta, GA, volume 98, part 2, in GA, volume 71, part I, pages 143 rf, 1965 (RDB-
publication (6 pages with 2 figures and 1 table, 2328)
RDB2603)

H. M. Elsey, L. C. Flowers, and J. B. Kelley, A
T. Jo Bruno, Chemical Analysis Protocol for AI- Method of Evaluating Refrigerator Oils, Refriger-
ternative Refrigerants- Part 2: Separation ating Engineering, American Society of Refrigerat-
Methods, paper 3619 (AnnualMeeting, Baltimore, ing Engineers(ASRE, now merged intothe Ameri-
MD, June 1992), Transactions, AmericanSocietyof can Society of Heating, Refrigerating,and Air-Con-
Heating, Refrigerating,and Air-ConditioningEngi- ditioningEngineers,ASHRAE), Atlanta, GA, volume
neers (ASHRAE),Atlanta, GA, volume 98, part 2, in 60, number7, pages 737rf, ,July1952 (RDB2321)
publication (6 pages with7 figures, RDB2604)

V. Z. Geller and M. E. Paulaitis (University of
T. J. Bruno,Spectroscopic Library for Alternative Delaware), The Calculation and Prediction of
RefrigerantAnalysis, report NIST Special Publica- Transport Properties for New Refrigerants and
tion 794, National Institute of Standards and Tech-
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Blends in Refri0eration Application, Proceedings Efficiency and New Refrigerants, edited by D. R.
of the International CFC and Halon Alternatives Tree and J. E. Braun, Purdue University, West
Conference (Washington, DC), Alliance for Re- Lafayette,IN, volume 2, pages 395-403, July 1992
sponsible CFC Policy, Adington,VA, pages 115- (9 pageswith 6 figuresand 6 tables,RDB2822)
124, September 1992 (10 pageswith 6 figuresand This paper describes a test method to deter-
3 tables, RDB2A07) mine changes in flexural properties of small

D. F. Huttenlocher (General Electric Company), samples of polymeric materialsafter aging inrefrigerants and/or lubricants. The method
Bench Scale Test Procsdure for Hermetic Com- useslinearstressversus straincurves and cal-
pressor Lubricants, ASHRAE Journal, American culated flexural modulus of materials. Changes
Society of Heating, Refrigerating,and Air-Condi- after thermalagingare usedto indicatewhether
tioning Engineers(ASHRAE), Atlanta, GA, volume a material becomes more flexible (due to ab-
11,number6, pages 85-89, June 1969 (RDB2421) sorption of liquid lubricant or refrigerant-lubri-

cant mixture) or tess flexible (due to possible
D. E. Kvalnes,The Sealed Tube Test for Refriger- extractionof materialfrom the polymericmatrix
ation Oils, Transactions, American Society of by the liquidphase). The effectsof aging time
Heating, Refrigerating,and Air-ConditioningEngi- and temperaturealso are addressed. The pro-
neers (ASHRAE), Atlanta, GA, volume 71, part I, cedure provides quantitative measurements
pages 138ff, 1965 (RDB2324) which, along with visual observations, linear

swellingand changes in hardness, are neces-
J. Y. Lin and M. B. Pate (Iowa State Universityof sary to interpret compatibility results from
Science and Technology),A Thermal Conductiv- sealed-tube tests. Results are reported for
ity Prediction Method for Refrigerant Mixtures in glass-reinforcednylon6/6, flexible nylon alloy,
the Liquid Phase, Proceedings of the 1992 Inter- plasticized nylon coploymers, and polyamide
national Refrigeration Conference - Energy Effi- 1212 in R-12with mineraloiland in R-134awith
ciency and New Refrigerants, edited by D. R.Tree an unidentifiedpolyalkyleneglycol (PAG) lubri-
and J. E. Braun,PurdueUniversity,West Lafayette, cant. Density, Shore durometer D hardness,
IN, volume 2, pages 365-374, July 1992 (10 pages flexural modulus, visual observations,and di-
with8 figuresand 1 table,RDB2819) mensionalchangesare tabulated. Stressversus

straincurves are plotted both before and after
D. A. Nissenand D. C. Macmillan,Apparatus for aging.
the Measurement of the Physical Properties of

Liquids at Elevated Temperature and Pressure, S.M. Sami (Universityof Moncton,Canada)and T.
Review of Scientific Instrumentation, volume 54, N. Duong(Universityof Sherbrooke,Canada), Dy-
number 7, pages86i ff, 1983(RDB2818) namic Performance of Heat Pumps Using Re-

frigerant R-134a, Transactions, American Society
D. A. Nissen,A Single Apparatus for the Precise of Heating, Refrigerating,and Air-ConditioningEn-
Measurement of the Physical Properties of Liq- gineers (ASHRAE), Atlanta,GA, volume 97, part 2,
uids at Elevated Temperature and Pressure, re- 1991; republishedin Alternative Refrigerants, tech-
port SAN080-8034,SandiaNational Laboratory,AI- nical data bulletin 7(3), ASHRAE, pages 21-27,
buquerque,NM, 1980 (30 pages with 9 figuresand
7 tables,availablefromJMC or NTIS, RDB2248) October 1991 (7 pageswith 15 figures,RDB2614)

This report describes an instrumentdesigned K.S. Sanvordenkerand W. Gram (TecumsehProd-
for measuringtheviscosity,surfacetension,and ucts Company), Laboratory Testing Under Con-
density of liquidsat elevatedtemperature (900 trolled Environment, Using a Falex Machine,
°C, 1650 °F) and pressure (10 atm, 147 psia). Proceedings of the 1974 Purdue Compressor
The theoretical principles,details of construc- Technology Conference, Purdue University,West
tion and operation,and responseof the instru- Lafayette, IN, pages 67 rf,July1974 (RDB2527)
ment are discussed in detail. The thermody-
namic properties of a molten salt mixture was K.S. Sanvordenkerand M. W. Larime (Tecumseh
measuredfor 250-450°C (482-842 °F)to test its Products Company), Screening Tests for Her-
accuracy. The resultsare shownto be in ex- metic Magnet Wire Insulation, paper 71C38EI-39,
ceilent agreement with published data from Proceedings of the Tenth Electrical Insulation
prior studies. Conference, Instituteof Electrical and Electronic

Engineers (IEEE), New York, NY, pages 122-126,
N. D. T. Rohatgiand H. O. Spauschus (Spauschus September 1971 (5 pages with 3 figuresand 5 ta-
Associates,Incorporated), Method for Determin- bles,RDB2424)

ing Flexural Property Changes of Polymeric This paperexaminesboth the testmethods and
Materials upon Accelerated Aging in Refriger- resultsof testing, for magnet wire insulationfor
ant-Lubricant Mixtures, Proceedings of the 1992
International Refrigeration Conference - Energy
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hermetic compressors using R-22. Abrasion re- tube tests. (See RDB2217,RDB2326,RDB2327,
suits (average cycles to failure) are tabulated RDB2329,and RDB2526for related papers)
and plotted as received and following exposures
for 7-10 days, one month, and three months. H.O. Spauschus and D. R. Henderson (Spauschus
The insulations examined included two batches Associates, Incorporated), New Methods of De-
of urethanemodified polyvinylformal (FU), two termining Viscosity and Pressure of Refrigerant-
batches of polyester-imide (PEI), dual coat Lubricant Mixtures, Proceedings of the 1990
amide-imide topcoat on a polyester base USNC/IIR-Purdue Refrigeration Conference and
(AI/PE), dual coat polyester(PE/PE), and poly- ASHRAE-PurdueCFC Conference, edited by D. R.
imide (PI). The temperatureand elapsed time Tree, Purdue University,West Lafayette,IN, pages
for burnoutare tabulated, for thesefivetypes of 173-176, July 1990 (4 pages with 7 figures,reprint
insulations, and compared between en- availablefromJMC as RDB2249)

vironmentsof R-22 andair. Dataon retaineddi- This paper describesnew methods for measur-
electric strength are presented for FU, PEI, ing viscosityand vapor pressureof refrigerant-
AI/PE, PE/PE, and for Formvar urethane and lubricantmixtures for compositionsof 0-100%
polyesteramideimide (PEAl); blister, resistance and temperaturesfrom -40 to 150°C (-40 to 300
is tabulated for ali but PE/PE. Becausethe in- °F). The equipmentand methods also can be
teractionsof enamelsand R-22, the paper sug- applied to fluids for absorptionsystems. Auto-
gests that the rate of R-22 absorption be de- matic data acquisition, data reduction, and
termined and exposuresadjusted for complete computer generatedgraphicsare utilized. Typi-
saturation. Tests after saturation provide a cal viscosity-pressure-temperature-composition
common basis for comparisons and suitable data are presentedto illustrateengineeringap-
screening approach for structurally-different plicability. The method usesa new viscometer,
enamels, based on electromagneticforces and the time

required for a metallic piston to traverse a
H. O. Spauschus(SpauschusAssociates,Incorpo- knowndistancethroughthe fluid.
rated), G. Freeman, and T. L. Starr (GeorgiaTech

Research Institute), Surface Analysis of Glass H.O. Spauschus and D. R. Hurst, New Stability
from Sealed Tubes After Aging with HFC-134a, Test Methods for Alternative Refrigerants and
presentationcharts (ASHRAEAnnual Meeting, Bal- Mixtures, presentationslidesandabstract (seminar
timore, MD, June 1992) SpauschusAssociates, In-' on Ozone/CFC -Alternative Studies Update), ASH-
corporated, Atlanta, GA, USA,June 1992 (21 pages RAE 1989 Annual Meeting (Vancouver, BC,
with 7 figures and 2 tables, available from JMC as Canada) Spauschus Associates, Atlanta, GA, June
RDB2729) 1989 (15 pages as RDB0544)

This presentation reported findings of an inves-
tigation of the sealed-tube test procedure. The H.O. Spauschus and G. C. Doderer (General Elec-
study examined whether fluoride decomposition tric Company), Reaction of Refrigerant 12 with
products, formed in aging hydrofluorocarbons Petroleum Oils, ASHRAEJournal, American Soci-
(HFCs) at high-temperature, react with the glass ety of Heating, Refrigerating, and Air-Conditioning
surface. The underlying concerns are that such Engineers (ASHRAE), Atlanta, GA, volume 3, num-
reactions might destroy evidence of other ber2, pages65-69, February1961 (RDB2526)
chemical reactions and might also weaken the
tubes, posing a safety risk. These concerns H. Wijaya and H. M. Hughes (Allied-Signal Incorpo-
challenge the suitability of the ANSI/ASHRAE rated), A Proposed Procedure for Qualifying
Standard97-1989 test procedurefor HFCs, and Halogen Leak Detectors, Proceedings of the In-
other refrigerants. The charts outline prior ternational CFC and Halon Alternatives Conference
studies for and against fluoride attack of glass (Baltimore,MD), Alliancefor ResponsibleCFC Pol-
and an experiment to investigate the issue, icy,Arlington,VA, November 1990 (9 pageswith 10
Glassshardsfrom sealedtubes,used inthermal figuresand3 tables,RDB2316)
aging tests, were examined by photoelectron
spectrometer. No fluoride was detected from X. Xu and D. Clodic (l_cole des Mines de Paris,
any tube except one treated with hydrofluoric France), Exergy Analysis on a Vapor-Compres-
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
reactions with lubricants, metals, or glass at 1992 International Refrigeration Conference - En-
temperatures as high as 200 °C (392 °F). No ergy Efficiency and New Refrigerants, edited by D.
evidencewas found of fluorideformationin the R. Tree and J. E. Braun, Purdue University,West
absence of catalysts,such as molecularsieves. Lafayette, IN, volume 1, pages 231-240, July 1992
The study alsoconcluded that borosilicateglass (10 pageswith3 figuresand8 tables, RDB2725)
tubes are suited as reactionvesselsfor sealed-
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Refrigerant Extraction Test, Copeland Corpora- L.J.M. Kuijpers et al, Refrigeration, Air Condi-
tion, Sidney,OH, undatedcirca 1989 (4 pages with tioning, and Heat Pumps (Technical Options
1 table, availablefrom JMC as RDBO005) Report), Technical Progress on Protecting the

This procedure outlinesa test to determine the Ozone Layer, report RWR-570-LK-91423-al,United
amount of extractable residue in materialsthat Nations Environment Programme, Paris, France,
are used in hermetic refrigerant system when December1991 (RDB2318)
exposed to refrigerant environments. Extracta-
bles are determined as the fraction of weight L.J.M. Kuijpers et al, Refrigeration, Air Condi-

tioning, and Heat Pumps (Technical Options
loss after exposure to evaporating refrigerantat Report), Technical Progress on Protecting theelevated temperature and pressure. Charging
data are provided for R-12,R-22, andR-502. Ozone Layer, United Nations Environment Pro-

gramme, Paris, France, 30 June 1989 (172 pages

Refrigerant-Lubricant Soak Test, Copeland Cot- with 13 figuresand 24 tables, availablefrom JMC
potation, Sidney, OH, undatedcirca 1989 (3 pages, as RDB2317)
availablefromJMC as RDBOO07) This report is one of five prepared to assessthe

This procedure outlines a test to determine the statusof technologiesimpacted by the MontrealProtocol and to identih/ options for achieving
effect of materials exposed to a refrigerant-Iu- compliance. The report was prepared by an
bricant mixture at operating conditions. The pa- internationalpanel of 48 individuals,pursuantto
rameters determined are dimensional,including Article6 of the Protocol. lt addressesthe Pro-
swell,and weight change; visualobservationsof
decomposition also are addressed. The proce- tocol and reassessmentprocedure,refrigerants,domestic refrigeration (including refrigeratorsdure described is based on thermal-aging in a

and other appliances), retail refrigeration
pressure vessel, preceded and followed by (includingcommercial uses), transport refriger-
measurements, ation, cold storage, industrial refrigeration,

Sealed Glass Tube Method for Determining the comfort air conditioning, mobile air condition-
Stability of Materials Used within Refrigeration ing,heat pumps,and refrigerantrecycling.
Systems, product engineeringspecificationES23-
138, Copeland Corporation,Sidney, OH, 11 May
1987 (10 pageswith 1 figureand 2 tables,available
from JMC as RDBO006) COSTS AND PERFORMANCE

This procedure outlines a sealed-tube test to
rate the quality of lubricants with R-12. lt is S. Corr, P. D. Guy, F. T. Murphy,G. Tompsett (ICI
based on visual inspectionof the oil and metal Chemicalsand Polymers,Limited),and T. W. Dekl-
(steeland copper) test stripsand the amount of eva (ICI Americas, Incorporated), Performance
reactivity,determined by gas chromatography, Characteristics of R-134a and Alternative Lubri-
after thermal agingat 175 °C (347 °F) for 3- and cants, seminarpresentationat the ASHRAEWinter
14-dayperiods. Meeting, (New York, NY), ICI Americas In-

corporated, New Castle, DE, USA,22 January1991
Sealed Tube Metho(i to Test the Chemical Sta- (26 pageswith 19 charts,RDB2522)
bility of Material for Use within Refrigeration
Systems, standardANSI/ASHRAE97-1989, Ameri- S.W. Crown,H. N. Shapiro,M. B. Pate (IowaState
can Society of Heating,Refrigerating,and Air-Con- Universityof Science and Technology), A Com-
ditioning Engineers (ASHRAE),Atlanta, GA, 1989 parison Study of the Thermal Performance of R-
(RDB2251) 12 and R-134a, Proceedings of the 1992 Intema-

tional Refrigeration Conference - Energy Efficiency
and New Refrigerants, edited by D. R. Tree and J.
E. Braun, Purdue University, West Lafayette, IN,
volume 1, pages 187-196,July 1992 (10 pages with
11figures and 2 tables, RDB2720)

IMPACTS This paper compares the performance of a 10
kW (3 ton) refrigerationsystem with R-134a to
R-12. The equipment tested, instrumentation,

L. J. M. Kuijpers (PhillipsResearch Laboratories) , andtest conditionsare described. Boththe ca-
and S. M. Miner (Consultant),The CFC Issue and pacityand coefficientof performance(COP) are
the CFC Forum at the 1988 Purdue IIR Confer- plotted as functions of the condenser water
ence, /ntemationa/Jouma/of Refrigeration, Paris, temperaturefor representativeevaporatortem-
France, volume 12, number3, pages 118-124,May peratures. COP and capacity ratiosfor R-134a
1989 (8 pages with 4 figures and 2 tables, RDB- to R-12 are similarlyplottedwith varyingR-134a
1108) charges. Systemperformancewas shownto be

I please see pages 4-6 for ordering information
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less sensitive to the charge for R-12. Experi- July 1989 (2 pages with 1 table, availablefrom JMC
mental results show that R-134a yielded higher as RDBO008)

efficiency and cooling capacity for almost ali The performance of a 200-ton chiller, designed
tests, especially with subcooling of 5.6-7.5 °C for R-11 operation, is compared at nominal rat-
(10-15°F). COPs are compared to pressure ra- ing conditions for R-123 and R-11with a naph-
tios for the two refrigerants, leading to a conclu- thenic oil. The chiller employs a single-stage
sion that the system can operate at a higher centrifugal compressor with an open drive and
pressure ratio with R-134aand yet havea higher air-cooled motor. The results at full load indi-
COP than with R-12. The effects of operating cate a 16.3% reduction in capacity and an in-
conditions are presented in detail, crease of 9.2% in kW/ton (8% lower efficiency.

Although testing at loads of 20-100% capacity
R. EI-Bourini, K. Hayashi, and T. Adachi (Calsonic and varied evaporator and condenser condi-
Corporation), Automotive Air Conditioning Sys- tions are indicated, part-load performance is not
tem Performance with HFC-134a Refrigerant, reported.
paper 900214 (SAEInternationalCongressand Ex-
position,Detroit, MI, 26 February- 2 March 1990), P.E. Hansen (Danfoss-FlensburgGmbH, Ger-
Society of Automotive Engineers (SAE), Warren- many) and L. Finsen (Danfoss A/S, Denmark),
dale, PA, February 1990 (12 pages with 14 figures Lifetime and Reliability of Small Hermetic Com-
and 3 tables,RDB2252) pressors Using a Ternary Blend HCFC-22/HFC-

152a/HCFC-124, Proceedings of the 1992 /nter-
S. K. Fischerand F. A. Creswick,Energy-Use lm- national Refrigeration Conference - Energy'Effi-
pact of Chlorofluorocarbon Alternatives, report ciency and New Refrigerants, edited by D. R.Tree
ORNL/CON-273, Oak Ridge National Laboratory, andJ. E. Braun,PurdueUniversity,West Lafayette,
Oak Ridge, TN, February 1989 (138 pages, avail- IN, volume 2, pages 641-649 July 1992 (9 pages
able from NTIS, RDB0924) with6 figuresand 2 tables,RDB2839)

This study estimates energy-use impacts of
phaseout of chlorofluorocarbon(CFC) refriger- E. Heinzelmannand M. S. Ussyk (Empresa Brasil-
ants under the Montreal Protocol. Major en- eira de CompressoresS/A, Embraco), Hermetic
ergy-related applications of the fully halo- Refrigerating Compressors and CFC Substitu-
genatedCFCs (R-11,R-12, R-113,R-114,and R- tion, /ntemationa/ Journal of Refrigeration, Paris,
115) were identified. Four groupsof alternative France, volume 14, number 1, pages 10-15, Janu-
refrigerantsthen were considered:1) chemicals ary 1991 (6 pageswith 11figures,RDB1201)
with very similarproperties (near drop-in sub- This paper presentsa basic methodology for
stitutes); 2) a fa//back scenariorelyingon avail- screening substitutesfor R-12 in refrigerating
able compoundswith more product develop- compressors. Simple analysis of refrigerant
ment; 3) a worst case in which no new chemi- thermodynamic propertiesare presentedwithin
cals become available, chlorine-containing the rangesof evaporatingand condensingtem-
compounds (e.g., R-22) cannot be used, and peratures in which small refrigeratingsystems
fiberglass insulationis used in place of CFC- operate. Comparisonsof vapor pressure,coef-
blown foams; and 4) an advanced technology ficients of performance (COPs), compression
using highly efficient insulation and refrigeration ratio, final isentropic compression temperature,
systems. Energy use will not increase signifi- and volumetric refrigerant effect are presented
cantly if near drop-in compounds (principally R- for R-12, R-22, R-134a, and R-152a. Addition-
134a, R-123, and R-141b) are used. If they do ally, a procedure for developing compressors
not become available, national energy use will for use with alternative refrigerants is presented.
increase by 1-2 quad (1015 Btu) per year. De- Material compatibility, performance, reliability,
velopment of advanced technologies could re- and means of production are considered. The
duce annual energy use by about 0.83 quad. differences between developed and developing
The major impacts are in applications using countries are noted, using Brazilas an example.
foam insulations blown with CFCs (e.g., refrig-
erators, freezers, water heaters, roofs of com- E.D. Lawler, HFC-134a vs R-12 Centrifugal
mercial buildings, and insulated building foun- Chiller Performance Comparison, SnyderGeneral
dations). The penalty associated with re- Corporation,Staunton,VA, 22 August1990 (1 page
frigerationequipment is smaller,but is contin- with 1 table,availablefromJMC as RDB0801)
gent upon attaining the high compressoreffi-
ciencies for alternative refrigerants that are The performance of a l O0-ton, single-stage,
availablefor CFCs. hermetic centrifugal water chiller is compared

for R-12 and R-134a. Both tests were run at

H. B. Cinder, R-123 versus R-11 Performance standard rating conditions (ARI Standard 550-
Test, York InternationalCorporation,York, PA, 19 88) with the chiller operating at its maximum

capacity. Thecompressorgearswere changed
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to increasethe impeller speedto accommodate bilttywas not addressed. The impactsof leak-
the greater isentropichead rise requiredwith R- age were assessed based on compliance with
134a. Thelow-pressurecut-outswitchand ther- the Chinese requirement(standard GB 8059.1-
mostatic expansion valve were adjusted after 3.86) that refrigerantlossesnot exceed 0.5 g/yr
changing refrigerants,but other hardware and (0.02oz/yr). Assumingthat alirefrigerantlost is
control setttngswere the same for both tests. R-22, an R-22/152a (30/70 by mass) blend
The capacit_ and efficiency increased with R- would fractionate to 25.3% R-22, improving
134a,by 0.8 and 4%, respectively, performanceslightly. The paper concludesthat

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-
Chiller Performance Comparison, SnyderGeneral mance.
Corporation,Staunton,VA, 29 August1990 (1 page
with 1 table, availablefrom JMC as RD80802) E.E.A. Lund, R. G. Richard, and I. R. Shankland

The performance of a 112-ton, single-stage, (Allied-SignalIncorporated),A Performance Evil-
hermetic centrifugalwater chiller is compared uation of Environmentally Acceptable Foam
for R-500 and R-134a. Both tests were run at Blowing Agent=, Polyurethanes 88 (proceedings

of the 31st SPI Annual Technical and Marketing
standard rating conditions (ARI Standard 550- Conference) pages 290-296, 1988 (7 pages, RDB-88) with the chiller operating at P.smaximum
capacity. The chillerinitiallywas testedwith R- 0502)
500 as a baseline and then rechargedwith R-
134a. The lubricantwas changed froma naph- M.O. McLinden (National Institute of Standards
thenic mineral oil (Suniso 4GS) to an ester and Technology, NIST) and R. Radermacher
(Mobil XRL 1681-1). The low-pressurecut-out (Universityof Maryland), Methods for Comparing
switch and thermostaticexpansionvalve were the Performance of Pure and Mixed Refrigerants
adjusted after changing refrigerants,but other in the Vapor Compression Cycle, /nternationa/
hardwareand controlsettingswerethe same for Jouma/of Refrigeration, Pads,France, volume.10,
both tests. A thirdtest was runwiththe impeller number 6, pages 318-325, November 1987 (8
replaced to providehigher flow. The compres- pages,RDB2508)
sor gears were changed for a fourth test to in-
crease the impellerspeed. The capacitywithR- M.O. Mcl.Jnden (National Institute of Standards
134a decreased by 9.9, 1.3, and 4.1% for the and Technology, NIST), Optimum Refrigerants for
three tests and the efficiencydecreased by 2.8 Nonideal Cycles - An Analysis Employing
and 0.5% for the second and fourth tests, but Corresponding States, Proceedings of the 1990
increasedby O.1% for the third. USNC/ IIR.Purdue Refrigeration Conference and

ASHRAE-Purdue CFC Conference, edited by D. R.

X-Z. Leng (BeijingResearch Instituteof Household Tree, Purdue University,Wost Lafayette, IN, pages
Electric Appliances, China), Testing Study About 69-79, July 1990 (11 pages with 7 figures, RDB-
HFC-152a and the Mixture of HFC-152a with 0920)
HCFC-22, publication unknown, circa 1991 (8 The principle of correspondingstatesis used to
pages with 8 figures and 1 table, available from evaluatethe effectsof the thermodynamicchar-
JMC as RDB2513) actsristics of working fluid performance in re-

This paper analyzes use of R-152a and blends frigerationcycles. Desiredcharacteristics,ex-
of R-152a with R-22, as substitutes for R-12 for pressed in terms of the criticaltemperatureand
domestic refrigerator/freezers. The freezer and ideal gas heat capacity using propane as the
food-section temperatures, suction and dis- reference fluid, are examined for various de-
charge pressures,run time, power, and energy parturesfrom the theoretical (ideal)vapor-com-
use are compared for R-12, R-152a and three pressioncycle. The baselinecycle for the com-
compositionsof R-22/152a, namely 14,22, and parisons include compressor efficiency andheat transfer limitationsin the condenser and
33% bymass. Thesedata were measuredusing evaporator. Tt'_ paper addressesthe modifiedan instrumentedrefrigerator/freezer(Hang-Tian
model BCD-177A),reported as havingthe high- Benedict-Webb-Rubin(MBWR)equation of state
est efficiencyin the Chinese market. A blend chosen for property calculations, the cycle
containing approximately 14% R-22 by mass analysis simulationmodel, and the application
offered the lowest energy use, 8.2% less than of the model to the selection of alternative re-
with R-12; R-152aalone resultedin a savingsof frtgerants. The results indicate that modifica-tions to the basic vapor-compression cycle
1.0%. The study found that the freezer evapo-
rator needsto be enlargedto use R-152a. Ad- shouldbe considered for refrigerantswith two
ditional tests were performed changing the Iu- or more carbonatoms to achievemaximum en-
bricant from mineral oil to an alkylbenzene,re- ergyefficiency.
suitingin slightly higher energy use; compati-

- I P!eas = pages 4-6 for ordering information I
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J. Pannock, D.A. Didion (National Institute of S.M. Sami (Universityof Moncton, Canada) andT.
Standardsand Technology, NIST), and R. Rader- N. Duong (Universityof Sherbrooke,Canada), Dy-
rnacher (University of Maryland), Performance namic Performance of Heat Pumps Using R-
Evaluation of Chlorlne.Free Zeotropic Refriger- 134a, paper 3491, Transactions, AmericanSociety
ant Mixtures in Heet Pumps - Computer Study of Heating, Refrigerating,and Air-ConditioningEn-
and Tests, Proceedings of the 1992 /nternationa/ gineers (ASHRAE),Atlanta,GA, volume 97, part 2,
Refrigeration Conference - Energy Efficiency and pages 41-47, 1991 (7 pages with 15 figures, RDB-
New Refrigerants, edited by D. R. Tree and J.E. 2346)
Braun, Purdue University,West Lafayette, IN, vol-
ume 1, pages 25-34, July i992 (10 pages with 8 J.R. Sand, E. A. Vineyard,and V. D. Baxter (Oak
figuresand2 tables, RDB2710) Ridge National Laboratory, ORNL), Laboratory

Evaluation of an Ozone-Safe Nonazeotropic Re-
J. Pannock and D. A. Di(lion (National Instituteof frigerant Mixture in a Lorenz-Meutzner Refrtger-
Standa¢'dsand Technology, NIST), The Perfor- stor Freezer Design, submittedfor publicationby
mance of Chlorine-Free Binary Zeotropic Refrig- the AmericanSociety of Heating, Refrigerating,and
erant Mixtures in II Heat Pump, report NISTIR Air-ConditioningEngineers(ASHRAE),Atlanta,GA
4748, National Instituteof Standards and Technol- (RDB2412)
ogy, Gaithersburg,MD, December 1991 (78 pages
with50 figuresand 2 tables, availablefrom NTIS at J.R. Sand, E. A. Vineyard, and R. J. Nowak (Oak
pricecode A05, RDB2507) Ridge National Laboratory, ORNL), Comparable

This report examines zeotropic mixtures to re- Refrigerant Performance Data, Oak Ridge Na-
piace R-22. 15 binary blends of R-23, R-32, R- tional Laboratory, Oak Ridge, TN, July 1989 (8
125, R-134a, R-143a, and R-152a (ali hydrofluo- pages with1 figureand 5 tables as RDB0543)
rocarbons, HFCs) were evaluated using the performancecomparisonsfor R-12_R-22, R-32,
CYCLE11simulationprogram. The rationale for R-114, R-124, R-125, R-134, R-134a, R-142b, R-
selecting these ,component fluids is outlined. 143, R-143a, R-152a, R-218, and R-C318 at four
Efficiency, volumetric capacity, suction pres- standardheat pump ratingconditions
sures, discharge temperatures, and discharge
pressures are analyzed and compared. The M.W. Spatz (Allied-SignalIncorporated), Perfor-
most promising,candidates, R-32/134a and R- mance of Alternative Refrigerants from a Sys-
32/152a, were tested in a breadboard heat tem't Perspective, Proceedings of the /nterna-
pump. A seriesof teststo evaluateuse of a liq- tiona/ CFC and Haon AJternatives Conference
ujd-line heat exchanger also was performed. (Baltimore,MD), Alliancefor ResponsibleCFC POl-
The findings indicate that these two zeotropes icy,Arlington,VA, pages 352-361, December 1991
may be suitable as replacementsfor R-22, but (10 pageswith 5 figuresand 3 tables, RDB2253)
that multiple tradeoffs exist in performanc_ for The modeled coefficients of performance
differentcompressorspeeds and mixture com- (COPs),capacities,and dischargetemperatures
positions. Perforwlanceimprovementsof 2 and for a representative11 kW (3 ton) air-to-airheat
14% were found for R-32/R-152a for the low- pump are presented for R-22, R-32/R-125
temperature heating and high temperature (60/40), R-134a, and R-152a - ali HFCs. The
cooling modes, respectively. The ozone deple- analyseswere made with a modified version of
tion potential of this mixture is zero and the the Oak Ridge National Laboratory (ORNL)
global warming potential is approximatelyone- Mark III Heat Pump System Design Model. Cal-
fourththat of R-;).2,but the mixture isflammable culated COPs are tabulated both with simple
in the entire COIT;)Ositionrange. R-32/R-134a replacement of R-22 and with reoptimizationof
mixtures, contairJingmore than 35% R-32 by the expansion device, heat ex,:hangers, and
mass,yieldedsJightlyimprovedperformancefor tubing sizes. Calculationsbased on a simple
coolingand slightlylower for heating. Gains of (saturated) thermodynamic cycle indicate 8%
5% for cooling and 2% for low-temperature lower, 1% lower,and 4% higher efficiencyfor R-
heating were measured and compared to R-22 32/R-125, R-134a, and R-152a, respectively,
for the equivalentspeed and capacities. These compared to R-22. The magnitude of these dif-
resultswere achievedusingthe same test appa- ferences shrink when subcooling and super-
ratus,without optimization for each fluid. Com- _leatingare introduced. With reoptimization,the
parative efficienciesand capacities are plotted differencesrange from -0.3 to +3.2% for a sys-
for the full rancjleof mass fractionsat selected tem optimized for both the heating and cooling
operatingconditic"ls. An uncertaintyanalysisis modes and -0.9 to +0.6% for co_ing only, de-
presented in an ,ppendix, but the test results pendingon the refrigerant. The paper, there-
confirm the validity of the modelling approach fore, concludesthat whilethesethree alternative
used. refrigerants could be used without significant

energy penalty, other factors need to be ad-
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dressed. The approximately 50% higher con- performance (COP) for nine pure refrigerants.
densing pressure of R-32/R-125 could increase They include R-12, R-22, R-123,R-124,R-125,R-
costs. Changes in compressor displacement, 134a, R-142b, R-143a, and R-152a. Based on
increased for R-134aand decreased for R-32/R- both capacity and COP, only R-134a and R-
125, also effect system costs. The flammability 152a were found suitable, and R-134a was re-
of R-152awould either eliminate it from consid- jected on the basisof lower efficiency. The pa-
eration or impact costs by requiring additional per concludes that the blend of R-22/152a is
safety controls, more promising than pure R-152a. This finding

is based on tests that show that addition of
T. G. Statt (U.S. Department of Energy, DOE), En- small amounts of R-22 to R-152acan reduce its
ergy Implications of Global Climate Change, flammability, but still result in a vapor pressure
presentationcharts, 1989 ASHRAEAnnualMeeting curve (vaporpressureand temperaturerelation)
(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
E. A. Vineyard (Oak Ridge National Laboratory, blendrequiresa change in magnetwire for the
ORNL), Laboratory Testing of a Heat Pump Sys- motors in hermeticcompressors, but suitable
tem Using an R-13B1/R-152a Refrigerant Mix- enamelshavebeen identified.
ture, paper 3130, Transactions, American Society
of Heating, Refrigerating,and Air-ConditioningEn- Impact of a CFC Ban on the Cost and Perfor-
gineers (ASHRAE),Atlanta,GA, volume94, 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-

ergy,ArthurD. Little,Incorporated,Cambridge,MA,
J. Zheng and J. W. Pelava (Allied-SignalIncorpo- August1989 (82 pages, RDB1110)
rated), Performance Test of R-12 Alternates in a This report assessesthe potentialresponse of
Hermetic Compressor, paper 149, proceedingsof and impacts on the refrigerationindustry to a
the XVIIIth InternationalCongress of Refrigeration regulatoryban on the productionof CFC work-
(Montreal,Qu(_bec,Canada,August1991), Interna- ingfluids bythe year 2000. The primary focusis
tional Institute of Refrigeration,Paris,France, Au- on the mostlikelyalternatives,in each applica-
gust 1991 (11 pages with 3 figuresand 4 tables, tion category, and their impact on the design
RDB2254) andperformanceof new equipment.

This paper presentsmeasured results of calo-
rimetertests of replacementsfor R-12at -23 to Potential Costs of Restricting Chlorofluorocar-
+1 °C (-10 to +30 °F) evaporatingand 38 and bon Use, report SR/ESD/89-01, Energy Informa..
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, RDB-
col lubricantand four zeotropeswith alkylben- 1111)
zene lubricants. The blends included R-22/R-
124 (55/45 and 43/57 % by weight)and R-22/ Reportto the Secretary of Energy on Ozone.De-
R-152a/R-124 (50/20/30 and 36/24/40). The pleting Substances, U.S. Department of Energy,
compressor discharge temperature, compres- Washington, DC, October 1989 (63 pages, RDB-
sion ratio, cooling capacity, and efficiencyare 1112)
compared to thoseof R-12. analysisof the energy and economic effectsof

phasing out certain organic chlorine and bro-
L.Zhigang,L. Xianding,Y. Jianmin,T. Zhoufang,J. mineproducts
Pingkun (Xi'an Jiao Tong University, China), C.
Zhehua,L. Dairu, R. Mingzhi,Z. Fan, and W. Hong
(Sha'an Xi RefrigeratorFactory, China), Applica-
tion of HFC-152a/HCFC-22 Blends in Domestic
Refrigerators, publicationunknown,circa 1992 (7 ENVIRONMENTAL
pages with 3 tables, partially illegibleand incom-
pletecopyavailablefromJMC as RDB2514) J.G. Anderson,D. W. Toohey, and W. H. Brune,

This paper documentsa studyof substitutesfor Free Radicals Within the Antarctic Vortex: The
R-12 in refrigerators. Analyticaldata are tabu- Role of CFCs in Antarctic Ozone Loss, Science,volume251, pages 39-46, 4 January1991 (8 pageslated for ozone depletion potential, global
warmingpotential,condensingpressure,evapo- with6 figures,RDB1202)
rating pressure,pressureratio, compressordis- Thisarticle describesexperimentsand observa-
charge temperature,capacity, and coefficientof tions linking chlorine and bromine concentra-

please see pages 4-6 for ordering information
z
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tions with ozone depletion in the antarctic vor- ined on an Internationalbasis. The refrigerants
tex. lt briefly reports the findings of the National addressed for household refrigeration included
Science Foundation Ozone Experiment (NOZE R-12, R-134a, R-22/152a/124, R-22/142b; ab-
I) expedition in the austral spring of 1986. lt de- sorption and Stirling cycles also were assessed.
scribes in greater detail the high-altitude mission R-12, R-22, R-134a, R-502, and R-717 (ammo-
and in situ measurements of the subsequent nia) were examined for commercial refrigera-
Airborne Antarctic Ozone Experiment. Mathe- tion. R-11, R-12, R-22, R-123, R-134a, and R-
matical equations defining the mechanisms of 717 were addressed for commercial air condi-
ozone depletion are presented for chlorine and tioning along with water-lithium bromide ab-
bromine. What sets Antarctic ozone depletion sorption cycles. R-22, R-134a, and ammonia-
apart in the context of global change is both the water absorption were analyzed for unitary air
severity of the phenomenon and the unusual conditioners. R-12, R-134a, R-152a, R-290 (pro-
decoupling of physical and chemical time con- pane), and R-22/152a/124 were evaluated for
straints that control transformation rates in a automotive air conditioning along with Brayton
specific region of the atmosphere. The article and Stiding cycles.
concludes that the dramatic reduction in ozone
over the antarctic continent would not have oc- K. Hearle, F. Riza,A. Whitfield, J. Hemby, J. S. Hoff-
curred had CFCs not been released to the at- man, and S. Seidel, Analysis of the Environmen-
mosphere, tal Implications of the Future Growth in Demand

for Partially-Halogenated Chlorinated Com-
J. M. Calm (Air-Conditioningand Refrigeratj_onIn- pounds, report EPA 400/1-90-O01, U.S. Environ-
stitute), Global Warming (the Next Ch_lienge), mental Protection Agency, Washington,DC, Jan-
presentationcharts, Seminar on Refrige]_ntPrac- uary 1990 (304 pages,RDB1113)
tices, National Instituteof Standardsar_ Technol-
ogy, Gaithersburg,MD, 12 February1991 (9 pages M.C. MacCrackenel al, (LawrenceLivermoreNa-
with 14 charts, RDB1207) tional Laboratory), Energy and Climate Change

(Report of the DOE Multi-Laboratory Climate
S. K. Fischer (Oak Ridge National Laboratory, Change Committee), Lewis Publishers,Chelsea,
ORNL) and M. McFadand (Du Pont Chemicals), MI, USA,February1990 (182 pages, RDB2313)
Alternatives to CFCs and Global Warming: a
Systems Approach to Evaluating Net Contribu- S.L. Roan, Ozone Crisis: The 15-Year Evolution
tions, MRS Bulletin, Materials Research Society, of a Sudden Global Emergency, John Wiley and
volume XVII, number3, pages39-42 (4 pages with Sons, Incorporated, NY, New York, 1989 (292
2 figuresand 1 table,RDB2413) pages, RDB1208)

S. K. Fischer, P. J. Hughes, P. D. Fairchild (Oak This book reviewsthe 15-yearhistory of actionand reaction to the ozone-depletion problem.
RidgeNationalLaboratory,ORNL), C. L. Kusik,J.T. The text specificallyaddressesthe intervention
Dieckmann, E. M. McMahon, and N. Hobday of politics,andthe controlboth itand economic
(Arthur D. Little, Incorporated, ADL), Energy and pressureshadoverthe scientificcommunity.
Global Warming Impacts of CFC Alternative

Technologies, AlternativeFluorocarbonsEnviron- M.R. Schoeberland D. L. Hartmann,The Dynam-
mental Acceptability Study (AFEAS) and U.S. De- ics of the Stratospheric Polar Vortex and Its Re-
partment of Energy (DOE), Washington, DC, De- lations to Springtime Ozone Depletions, Sci-
cember 1991 (602 pages with98 figuresand 40 ta- ence, volume251 pages46-52, 4 January 1991 (7
bles plus supporting figures and tables in appen-
dices, RDB2432) pages with 5 figures, RDB1203)

This report documents detailed analyses of S. Solomon and D. L. Albritton (National Oceanic
global warming for options to replace chloro- and Atmospheric Administration), Time-Depen-
fluorocarbons (CFCs) in energy-relatedapplica- dent Ozone Depletion Potentials for Short- and
tions. The study addressedboth direct and in- Long-Term Forecasts, Nature, volume357, pages
direct effects,namely greenhousegas impacts 33-37, 7 May 1992 (5 pageswith 3 figuresand 2 ta-
of chemical emissions and carbon dioxide bles,RDB2A15)
emissionsfrom associatedenergy use. The re-
port compares impacts, for alternative tech- S. Solomon,M. Mills(NationalOceanicand Atmo-
nologies,on the basis of total equivalentwarm- sphericAdministration),L. EoHeidt, W. H. Pollock
ing impact (TEWI). Domesticrefrigerator-freez- (NationalCenterfor AtmosphericResearch),andA.
ers, commercial refrigeration, commercia; F. Tuck (National Oceanic and AtmosphericAd-
chillers, residential and commercial unitary ministration),On the Evaluation of Ozone Deple-
heating and cooling equipment, automobileair tion Potentials, Joumal of Geophysica/Research,
conditioning,building insulation,and solvents volume97, numberD1, pages825-842, 20 January
for metal and electronic cleaning were exam-
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1992 (18 pages with 12 figures and 5 tables, RDB- shuttle effects on stratospheric ozone; and ul-2A16) traviolet radiation changes. The study was pre-
pared by eleven international panels and sub-

Assessment of the Impacts Associated with a jected to peer reviews.
Total CFC Phase Out, final report, Putnam, Hayes
and Bartlett, Incorporated,Washington, DC, July Scientific Assessment of Stratospheric Ozone:
1989 (60 pages, RDB1118) 1988, report 20, World MeteorologicalOrganiza-

tion, Geneva, Switzerland,1989, programdescrip-
IEA Heat Pump Center Newsletter, issue on Heat tion, volume I (534 pages, availablefrom GPO as
Pumps and the Environment, InternationalEnergy report 1990-259-707:83731;RDB1116)
Agency Heat Pump Center, Sittard, The Nether-
lands, volume 7, number2, June 1989 (64 pages, Scientific Assessment of Stratospheric Ozone:
RDB0925) 1989 (Appendix: AFEAS Report), report20, World

This issuefocuses primarilyon refrigerantenvi- MeteorologicalOrganization,Geneva, Switzerland,
1990, program description,volume II (536 pages,

ronmentalimpactsof refrigerants, availablefrom AFEAS;also availablefrom JMC as

Newly Found Viruses Might be the Key to Con- RDB1117)
trolling Seas, R&D Magazine, Des Plaines,IL, vol-
ume 32, number 12, December 1990, page 86 (1 The Impact of Ozone.Layer Depletion, document

7, Global EnvironmentMonitoringSystem(GEMS),
page, RDB1114) United Nations EnvironmentProgramme (UNEP),

This news brief announcesthe discoveryof a Nairobi,Kenya, 1992 (40 pages with 17 figuresand
group of unspecifiedaquatic virusesthat may 1 table,availablefrom JMC as RDB2704)
aid in reducingglobal warming. These viruses
encourage reproductionof a class of phyto- This report is one in a series that summarize
plankton that absorb carbon dioxide. Other scientific and engineering assessments for
aquatic viruses could control reproduction of thosewithout technical qualifications, lt deals
oxygen-absorbingphytoplanktonthat killmarine with the effects of ozone depletion on human
life by robbingwater of oxygen. Additionalre- health and the environment,and outlinesways
search is requiredto better understandthese of reducing damage to the ozone layer. This
virusesand theiraffecton marinelife. publicationreviewsthe scientificbackgroundfor

ozone depletion, includingobservationsof the
Possible Environmental Effects of Chlorofluoro- Antarctic ozone hole, mid-latitude ozo,;e-layer
carbons, position statementand paper, American depletion,and Arctic ozone-layerdepletion, lt
Society of Heating, Refrigerating,and Air-Condi- thenaddressesthe effectsof ultravioletradiation
tioning Engineers(ASHRAE),Atlanta,GA, 2 Febru- - specificallythe UV-B wavelengths- on lm-munesystems,skincancer,and increasingeye
ary1989 (12 pages, RDB1115) damage, lt also discusses impacts on the

Scientific Assessment of Ozone Depletion: 1991, oceansand aquaticecosystems,land plants,air
chahod by D. L. Albritton(National Oceanic and pollution,and damage to materials. The docu-
AtmosphericAdministration,NOAh,)and R. T. Wat- ment then discusses ozone-friendlytechnolo-
son (NationalAeronauticsand Space Administra- gies for refrigeration,air conditioning,and other
tion, NASA), report 25, World Meteorological uses. lt stressesthe importanceof global co-
Organization(WMO), Global Ozone Research and operation and the need for recyclingand de-
Monitoring Project, Geneva, Switzerland, 1991, struction of chlorofluorocarbons(CFCs) and
(340 pages, available from WMO; also available halons. The report discussesfuture policy op-
from JMC as RDB2701) tionsand listsseveralinformationsources.

This definitive work updates the assessment The Ozone Layer, document2, EnvironmentMon-
used in governmental and internationaldeci- itoring System (GEMS), United Nations Environ-
sion-makingon protectionof the stratospheric ment Programme (UNEP), Nairobi, Kenya, 1987
ozone layer and climate change. The volume (RDB2703)
addresses source gases including concentra-
tions, emissions,and trends; ozone and tem-
perature trends; heterogeneousprocesses in-
cludinglaboratory, field, and modeling studies;
both stratosphericand troposphericprocesses
including observations and interpretations;
ozone depletionand chlorineloading potentials
(ODP and CLP values); radiativeforcing of cli-
mate; future chlorineand bromine loading and
ozone depletion; aircraft, rocket and space

_ please see pages 4-6 forordering information
_
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REGULATORY ACTIONS Montreal Protocol on Substances That Deplete
the Ozone Layer, working version, United Nations
Environment Programme, June 1990 (28 pages,
RDB1119)

This text is an unofficial composite version of
the Montreal Protocol as amended in London in

INTERNATIONAL June 1990. This version has been superseded;
see RDB2702.

Handbook for the Montreal Protocol on Sub-
stances That Deplete the Ozone Layer, United
Nations Environment Programme, Ozone Secre-
tariat, Nairobi, Kenya, second edition, October
1991 (100 pages including2 page errata, available NATIONAL
from JMC as RDB2702)

Thisdocumentcontainsthe completetextof the
MontrealProtocol,originallyadopted in 1987 as United States of America
adjusted and amended in June 1990andfurther
amended in June 1991. The decisionsof the Comments on the Manufacture, Use, and Dis-
Partiesto the MontrealProtocol,thatrelateto its posal of Ozone-Depleting Chemicals (CFCs) to
interpretation,at meetings in Helsinki in (May the Subcommitteeon EnvironmentalProtection of
1989), London (June 1990), and Nairobi (June the Committee on Environmentand Public Works
1991) appear as footnotes to the Articles to of the United States Senate, Motor Vehicle Manu-
whichthey pertain. The handbookalsoincludes facturersAssociation(MVMA), Detroit, MI, 19 May
thefollowingappendices: the Hels/nki Declara- 1989 (RDB1155)
t/on on Protection of the Ozone Layer (2 May
1989); declarations by Australia, Austria, Bel-
gium, Canada, Denmark, Finland, Germany, Other
Liechtenstein, Netherlands, New Zealand, Nor-

way, Sweden, and Switzerlandon phase out of Refrigeration Equipment and Heat Pumps Using
CFCs not later than 1997 (June 1990); resolu- CFCs/HCFCs: The Refrigerants Order and
tion by representedparties on more stringent Comments, Swedish National EnvironmentalPro-
measures (June 1990); statementsby Austria, tection Agency, Stockholm, Sweden, 1988 (71
Denmark, Germany, Finland, Norway, Sweden, pages, RDB1130)
and Switzerland on more stringent measures
(June 1991); status of ratification (September Measures of Rationalization of Use and Control
1991, now superseded); list of relevantpublica- of Emission for Specified CFCs, interim report,
tions; nonconfidential production and con- Ozone LayerCommittee, Chemical Product Coun-
sumptiondata regardingcontrolledsubstances; cii, Ministry of InternationalTrade and Industry,
Criteria for Projects under the Multilateral Fund; Tokyo, Japan, 26 October 1988 (34 pages, RDB-
namesand address of assessmentpanel chair- 1131)
men; annotatedVienna Convention for the Pro-

tect/on of the Ozone Layer; statusof ratification Refrigeration Safety Regulation, translatedby the
of the Vienna Convention (September 1991; Japan Refrigerationand Air Conditioning Industry
now superseded);and the Rules of Procedure. Association,Tokyo,Japan (36 pages, RDB1132)
The Vienna Conventionwas adopted in Vienna
on 22 March 1985 and enteredinto force on 22
September 1988. The MontrealProtocol was
adopted in Montrealon 16 September 1987and
entered into force on 1 January 1989; the
Amendmentwasadopted in Londonon 29 June SUBSTITUTE REFRIGERANTS
1990and entered intoforceon 10 August1992.

Handbook for the Montreal Protocol on Sub- J.L. Adcock. S. B. Mathur, W. A. Van Hook, H. Q.
stances That Deplete the Ozone Layer, docu- Huang, M. I.Jrkhede, and B-H. Wang (Universityof
ment UNEP/OzI.Pro.3/7, United NationsEnviron- Tennessee), Fluorinated Ethers - A New Series
ment Programme,Ozone Secretariat,Nairobi,Ken- of CFC Substitutes, Proceedings of the Intema-
ya, May1991 (130pages, RDB2349) tional CFC and Halon Alternatives Conference

This version has been superseded; see RDB- (Baltimore,MD), Alliancefor ResponsibleCFC Pol-
2702. icy, Arlington,VA, pages 386-395, December 1991

(10 pages with6 tables,RDB2255)
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D. Arnaud, S. Macaudiere, J. C. Tanguy, and P.F. R-12, and R-134a and R-500. Cost projections
Radice (Elf Atochem S. A., France), Properties of (with excise taxes) are plotted for the refriger-
Blends Which Can Be Used as R-502 Substitutes ants reviewed. Options are discussed for exist-
in Refrigeration, Proceedings of the/ntemationa/ ing equipment,includingcontinueduse, retrofit,
CFC and Ha/on Alternatives Conference (Washing- and replacement. Safety and other consid-
ton, DC), Alliancefor ResponsibleCFC Policy,Ar- erationsare reviewedfor the alternativerefriger-
lington, VA, pages 105-114, September 1992 (10 ants. The paper concludesthat good options
pageswith 3 figuresand 6 tables,RDB2A06) are availableprovidedthat sound engineeringis

used.
K. Beermann and H. Kruse (Universit&t Hannover,
Germany), Experiences with the Refrigerant R- R. Camporese, B. Boldrin, M. Scattolini (Consiglio
134a as a "Drop-In" Replacement in a Large Wa- Nazionale della Ricerche, Italy), and G. Cordelia
ter-Water Heat Pump, Proceedings of the 1992In- (Universit_ di Udine, Italy), Improvement of R-
ternational Refrigeration Conference- Energy Ef- 134a Performance by Addition of R-290, Pro-
ficiency and New Refrigerants, edited by D. R. Tree ceedings of the 1992 Intemational Refrigeration
and J. E. Braun, Purdue University, West Lafayette, Conference - Energy Efficiency and New Refriger.
IN, volume 1, pages 211-219, July 1992 (9 pages ants, edited by D. R. Tree and J. E. Braun, Purdue
with 4 figures and 4 tables, RDB2723) University, West Lafayette, IN, volume 1, pages 45-

52, July 1992 (8 pages with 9 figures and 3 tables,
A. L. Beyerlein, D. Do DesMarteau, S. H. Hwang RDB2712)
(Clemson University), N. D. Smith (Environmental
Protection Agency, EPA), and P. Joyner (Electric L. Canren, Y. Zhao, and M. Yitai (Tianjin University,
Power Research Institute, EPRI), Physical Prop- China), Investigation of Using the Ternary Mix-
erty Data on Fluorinated Propanes and Butanes ture as the Alternative for R-12, Proceedings of
as CFC and HCFC Alternatives, Proceedings of the 1992 international Refrigeration Conference -
the International CFC and Halon A/tematives Con- Energy Efficiency and New Refrigerants, edited by
ference (Baltimore,MD), Alliance for Responsible D.R. Tree andJ. E. Braun,PurdueUniversity,West
CFC Policy,Arlington,VA, pages 396-405, Decem- Lafayette, IN, volume 2, pages 661-667, July 1992
ber 1991 (10 pageswith 5 tables,RDB2256) (7 pageswith3 figuresand2 tables,RDB2841)

E. C. Bedinck,C. A. T. Uriu,T. B. Herbas,and J.A. S. Corr,R. D. Gregson,G. Tompsett (ICI Chemicals
R. Parise (Pontfffcia UniversidadeCat61icado Rio and Polymers, Limited), A. L. Savage and J. A.
de Janeiro, Brazil), Performance Analysis of Do- Schukraft (ICI Americas, Incorporated), Retrofit-
mestic Heat Pump Units Running on CFC Sub- ting Large Refrigeration Systems with R-134a,
stitutes, presented at the 1990 USNC/llR-Purdue Proceedings of the 1992International Refrigeration
Refrigeration Conference and ASHRAE-Purdue Conference - Energy Efficiency and New Refriger-
CFC Conference (Purdue University, West ants, edited by D. R. Tree and J. E. Braun, Purdue
Lafayette, IN, July 1990); published in theProceed- University, West Lafayette, IN, volume 1, pages
ings of the 1992International Refrigeration Confer- 221-230, July 1992 (10 pages with 7 figures and 1
ence - Energy Efficiency and New Refrigerants, tables, RDB2724)
edited by D. R. Tree and J. E. Braun, Purdue Uni-
versity, West Lafayette, IN, volume 2, pages 693- S. Corr, E. Goodwin, R. D. Gregson, A. Halse, A.
702, July 1992 (10 pages with 5 figures, RDB2843) Lindley (ICI Chemicals and Polymers, Limited), S.

H. Colmery, T. W. Dekleva,and R. Yost (ICI Ameri-
J. M. Calm (Engineering Consultant), Alternative cas, Incorporated), Ester Lubricants for Use with
Refrigerants: Challenges and Opportunities, HFC-134a Retrofit Applications, seminar presen-
Heating/Piping/Air Conditioning, Penton Publish- tationat the Societyof AutomotiveEngineers(SAE)
ing, Chicago, IL, volume 64, number 5, pages 38- InternationalCongressand Exposition(Detroit,MI),
49, May 1992 (8 pageswith 5 figuresand 1 table, ICI Americas Incorporated,New Castle, DE, USA,
availablefromJMC as RDB2621) 25 February 1992 (22 pages with 23 charts, RDB-

This article reviewsthe statusand optionsavail- 2619)
ablefor refrigerantsinchillers,withemphasison Thisdocument providesthe presentationcharts
use of R-22, R-123, R-134a, R-717 (ammonia), and text for an update on retrofitof mobileair
and absorptioncycles. The efficiency,global- air-conditioning(MAC) systems. The presenta-
warming potential (GWP), ozone-depletionpo- tion reviewsthe basisfor selectionof R-134ain-
tential (ODP), flammability, toxicity, and cost of cluding consideration of performance, avoid-
refrigerantsare discussed;quantitativedata are ance of ozone depletion,and safety. The lubri-
tabulated. A figureshows the capacity ranges cant used is identifiedas a fundamental issuein
and types of equipmentavailableby refrigerant, retrofittingMAC systemswith R-134a. Proper-
ComparativeODP, GWP, efficiency,and capac- ties of two candidateestersandsealed-tubetest
ity are plotted for R-123 and R-11, R-134aand

I please see pages 4-6 for ordering information 1
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results, including both mineral oil and R-12 as ters. Hydrolytic stability tests point to greater
contaminants, are reviewed. One finding is that stability with polyol esters than PAGs. The sta-
the lubricants impact the materials examined bility analyses and a compressor test program
more than the refrigerants. Volume change are outlined. [see RDB2913for update]
(swell) is plotted for R-12 with mineral oil, the
same pair followed by R-134a with a polyol es- S. Corr, R. D. Gregson, A. Halse, A. Lindley (ICI
ter, and R-134a with the ester alone for nine Chemicalsand Polymers, Limited), and T. W. Dekl-
elastomers. They include chlorosulfonated PE, eva (ICi Americas, Incorporated), Retrofitting Mm
EPDM, EPDM-O, EPDM-S, fluoropolymer, bile Air-Conditioning Systems: The First Alter-
HNBR, natural rubber, neoprene, and nitrile, native, Part I, seminarpresentationat the Society
Compressortests to examine the suitabilityof of AutomotiveEngineers (SAE) InternationalCon-
the fluids are summarized; the tests included gressand Exposition(Detroit,MI), ICI AmericasIn-
high contaminant levels to approximate those corporated, New Castle, DE, USA, 26 February
expected in retrofits. A ratingsystemto gauge 1991 (14 pageswith 17 charts,RDB2616)
wear is outlined. Fleettrialsconducted in Aus-
tralia are summarized, noting anecdotal sug- S. Corr, R. D. Gregson, A. Halse, A. Lindley (ICI
gestions that R-134a may provide improved Chemicalsand Polymers,Limited), andT. W. Dekl-
performance. While muchmore study is need- eva (ICI Americas,Incorporated),Retrofitting Mo-
ed, the esters tested appear promisingfor use bile Air-Conditioning Systems: The First Alter-
with R-134ain MAC systemretrofit, native, Part 2, seminarpresentationat the Society

of Automotive Engineers (SAE) International
S. Corr, E. Goodwin, R. D. Gregson,A. Halse, A. Congressand Exposition(Detroit, MI), ICI Ameri-
Lindley (ICI Chemicalsand Polymers,Limited), S. cas Incorporated,New Castle,DE, USA, 26 Febru-
H. Colmery,T. W. Dekleva,and R. Yost (ICI Ameri- ary 1991 (14 pageswith16 charts,RDB2617)
cas, Incorporated), Retrofitting Mobile Air-
Conditioning Systems with HFC-134a, seminar T. W. Dekleva, R. Yost (ICI Americas, Incor-
presentationat the Society of Automotive Engi- porated),S. Corr, R. D. Gregson,G. Tompsett (ICI
neers(SAE)PassengerCar Meetingand Exposition Chemicalsand Polymers, Limited), T. Nishizawa,
(Nashville,TN), ICI Americas Incorporated, New and Y. Obata (ICI Japan), Investigations into the
Castle, DE, USA, 18 September 1991 (22 pages Potential Effects of Process Chemicals and Ma-
with27 charts,RDB2618) terials on the Long-Term Performance of Home

This document provides the chartsand text for Appliances, Proceedings of the International CFC
a presentationon retrofitof mobileair air-condi- and Halon Alternatives Conference (Washington,
tioning (MAC) systems. The need for a service DC), Alliance for ResponsibleCFC Policy,Ading-
refrigerant, aftermarket logistics, and require- ton, VA, 29 September 1992 (17 pages with 4 fig-
ments of the Clean AirAct Amendmentsof 1990 uresand 7 tables, RDB2913)
are introduced. The reasons for selecting R-
134a as a retrofit refrigerant are discussed. T.W. Dekleva,S. H. Colmery (ICI Americas, Incor-
Retrofit solutions may lie between simple re- porated), J. Bresnahan (ICI Australia Operations
placement of the refrigerantand lubricantand Pty Limited),S. Corr,and A. Lindley(ICI Chemicals
the need to flush the system and also replace and Polymers, Limited), Retrofitting Mobile Air-
certain components. The rationalefor estersas Conditioning Systems with HFC-134a -An Up-
the lubricantis presented. Tenestercandidates date, Proceedings of the International CFC and
are summarized and data are provided on vis- Halon Alternatives Conference (Washington,DC),
cosity,miscibility,andwear tests. Compatibility Alliancefor ResponsibleCFC Policy,Arlington,VA,
findings are presentedfor EPDM, HNBR, neo- pages, 697-706, September 1992 (10 pages with 1
prene, nitrile, nylon, and Du Pont Viton(R)with table,RDB2914)
mineraloil, a polyalkyleneglycol (PAG), an end- This paper focuses on procedures and system
capped PAG, and an ester. Mutualcompatibility performance for retrofitof mobile air air-condi-
and thermal stabilitydata are discussedfor the tioning (MAC) systemswith R-134a. The paper
lubricants. A finding on chlorinatedimpurities outlines the need for retrofit, pointing to the
(e.g., residual R-12 or flushing solvents) is re- hundreds of millionsof vehicles that use R-12
viewed, indicating that its nature is more im- and anticipated shortfallto meet service needs
portant than its concentration. Sealed-tubetest after recyclingand recovery. The paper briefly
results are reviewed for R-12 and R-134a with notes activitiesunderwayto prepare guidelines
mineral oil, PAG, AND ester lubricants with for refrigerants,procedures, and fittings;qualify
contaminants. The data include changes in suitable lubricants; and identify acceptable
color, viscosity,acid number,and metal content practices. ICI is pursuingester lubricants, but
as well as copper platingand metal impacts; no the paper notesthat othersare investigatinguse
detrimentaleffects from residualR-12 and min- of polyalkyleneglycols (PAGs). The paper re-
eral oil were observed with R-134a and the es-
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views a number of retrofit procedures and the compared to those of R-12. Means to reduce
labor requirements for them. Two categories leaks and charge quantities are discussed as
are contrasted, with and without flushing to re- ways to reduce the risks. R-C270would require
move mineral oil. The paper reviews the time smaller compressors and may offer superior
and impacts of R-12 recovery, system flushing, performance. R-152a may be preferred based
removal and draining of the compressor, addi- on its lower flammability and experience with it.
tion of lubricant, system reassembly, evacua-
tion, and recharging with R-134a. Specific D.A. Didion (National Institute of Standards and
flushing agents including per- and tri- Technology, NIST), R. Cohen, and D. R. Tree
chloroethylene (PCE and TCE), are discussed. (Purdue University),The Role of R-22 in Refriger-
Fleet trials to gauge the performance and com- ating and Air-Conditioning Equipment, Interna-
pressordurabilityconsequencesof retrofit,with tionalColloquiumon RefrigerationandCFCs (Brus-
differentprocedures andcompressortypes, are sels, Belgium,March 1990), InternationalInstitute
reviewed;these tests are underwayin Australia, of Refrigeration,Paris,France, to be published(18
the United States,and elsewhere. R-134a may pageswith 6 figuresand3 tables,RDB0921)
require10-20% extracondensercapacityat idle
conditionsor high ambient temperatures. No D.A. Didion,Energy Performance Potential of the
performance penalties have been associated Alaskan Air Conditioning Company's Refriger-
with flushingor not flushing. The paper con- ant Mixture ["R-176"], National Institute of Stan-
cludes that R-134a combined with ester lubri- dards andTechnology(thenthe N_.fionalBureauof
cants appears to offer acceptable levels of per- Standards), Gaithersburg, MD, uc'y 1984 (RDB-
formance and systemscompatibility,but more 2320)
work is required.

R. E. Ertinger(CarrierCorporation),HCFC-22: Re-
S. Devotta and S. Gopichand (NationalChemical quirements for Unitary Products, Proceedings of
Laboratory, India), Comparative Assessment of the International CFC and Halon Alternatives Con-
Some Flammable Refrigerantsas Alternativesto ference (Baltimore,MD), Alliance for Responsible
CFC-12, Proceedings of the 1992 International CFC Policy,Arlington,VA, pages 340-347, Decem-
Refrigeration Conference - Energy Efficiency and ber 1991 (8 pageswith 3 figures, RDB2257)
New Refrigerants, edited by D. R. Tree and J.E. This paper estimates the annual quantity of R-22
Braun, Purdue University, West Lafayette, IN, vol- required internationally for unitary equipment
ume 1, pages 249-257, July 1992 (9 pages with 4 through the year 2000. Based on its properties,
figures and 1 table, RDB2727) including efficiency, low cost, and safety, R-22 is

This paper reviews the need for assessment of the most widely used refrigerant. The paper es-
flammable refrigerants and the implications of timates its 1990 use to be 160 million kg (352
using such fluids as alternatives to R-12. Be- million Ibs), of which 14% was used for equip-
cause of the complexities and potential adverse ment other than unitary (e.g., existing and new
findings in qualifying alternative refrigerants, chillers). For the unitary portion, 24% was used
there may not be adequate time for developed in new products and 76% to service existing
countries to fully evaluate new fluids. Develop- equipment. Two parametric scenarios are pre-
ing countries such as India and China, which sented: (1) 3, 5, and 7% growth in demand for
are self-reliant in the manufacture of refrigerants unitary products with no change in service
and equipment, are short of funds and cannot practices, and (2) recovery increasing to 40, 60,
afford to introduce transition fluids, such as or 80 %/yr by 2000. Based on assumptions for
HCFCs and possibly HFCs, and then change usage in room air-conditioners, duct-free split
again. Global environmental concern requires systems, ducted systems, and commercial uni-
that flammable fluids also be considered, some tary systems, the paper projects a range of 77-
of which were used in the past even in home re- 149 million kg (169-327 million Ibs), depending
frigerators. Flammability is considered to pose on recovery levels, to be required in 2000 at the
a lower risk than toxicity. The paper reviews the 5% annual new-product growth rate.
theoretical performance and flammability of R-
142b, R-152a, R-C270 (cyclopropane), R-290 S.K. Fischer (Oak Ridge National Laboratory,
(propane), R-600 (butane), R-600a (isobutane). ORNL), An Analytical Screening of Alternatives
The pressure ratios, specific compressor dis- for R-502 in Low-Temperature Refrigerating Ap-
placements, theoretical efficiency,and specific plications, paper 3617 (AnnualMeeting,Baltimore,
shaftpower are plottedfor these refrigerantsas MD, June 1992), Transactions, AmericanSocietyof
functions of the evaporatingtemperaturefor a Heating, Refrigerating,and Air-ConditioningEngi-
range of -35 to +5 °C (-31to +41 °F) for a 50 °C neers(ASHRAE),Atlanta, GA, volume98, part 2, in
(122 °F) condensing temperature. The perfor- publication(15 pages with 9 figuresand 11 tables,
mance, flammability and environmental data, RDB2602)
and fundamental properties are tabulated and

I please see pages 4-6 for ordering information 1
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J. N. Friedman, Experimental Evaluation of 134a based on calorimetrictests of a compres-
Alaskan Air Conditioning Company's Mixed Re- sor, showingthat the capacity of R-12 and R-
frigerant R-176, Carrier Corporation, Syracuse, 134a are similar,but slightlygreater for R-12 at
NY, 17 August1984 (13 pages with2 figuresand 4 low evaporatingtemperaturesand for R-134aat
tables,availablefrom JMC as RDB1B01) hightemperatures. Coefficientsof performance

The measured performance of a zeotropic (COP) are similarlyplotted,showingno penalty
ternary blend, R-12/R-22/R-142b (15/25/60) is with R-134a in compressorsoptimizedfor R-12.
comparedto that of R-22 fortwo residentialheat Tests of a HPWH showed reduced operating
pumps. The unitstested includedan air-to-wa- time with R-134a due to its higher capacity.
ter heating-onlymodeland an air-to-airheating- More favorable resultswith systemsoptimizedfor R-134aare suggested. The relativemiscibil-
and-coolingmodel. The charge and expansion ity of mineraloil inR-12andesters inR-134aaredevice orifice (Accurator(R)piston size) were
optimized for capacity and efficiency. The discussed, noting higher concern with design
heating capacity and coefficient of performance for oil return for the latter. The paper notes that
(COP) were approximately 52 and 15% lower, new ester lubricants have the advantage of be-
respectively, with the refrigerant blend than with ing biodegradable. Moisture implications and
R-22 in the air-to-water heat pump. The heating the need for higher drying with ester lubricants
and cooling capacities were approximately 35 are discussed. Residual chlorine from retrofits
and 46% lower, respectively, in the air-to-air leads to increased wear with R-134a and esters.
heat pump, but the efficiency increased by ap- The paper argues against conversion from R-12to R-134a for small refrigeration systems, but
proximately 10% in the cooling mode and was concludes that R-134acan be successfully used
nearly the same for heating. The test proce- in new systems.dures and conditions are described in the re-
port. The study concluded that the mixture is
not a viable replacement in Carrier heat Dump G.H. Goble, A Drop-In CFC-12 Replacement for
systems operating in the heating mode. Addi- Automotive Air Conditioning, Proceedings of the
tional testing is recommended to determine if 1992 International Refrigeration Conference - En-
increases in efficiency can be achieved with the ergy Efficiency and New Refrigerants, edited by D.
mixture in the cooling mode, based on further R. Tree and J. E. Braun, Purdue University, West
capillary tube and refrigerant charge optimiza- Lafayette, IN, volume 2, pages 607-609, July 1992
tion, despite the decreased cooling capacity. (3 pages, RDB2835)

This paper presents a ternary zeotropic blend,
C. L. Gage (U.S. Environmental Protection Agency) proposed as a transition fluid, to replace R-12 in
and G. S. Kazachki (Acurex Environmental Corpo- automotive air conditioners. The blend is R-
ration), Predictions of Azeotropes Formed from 22/R-142b/R-600a (55/37/8), which offers an
Fluorinated Ether, Ethane, and Propane ozone depletion potentialof 0.05 and compati-
Azeotropes, Proceedings of the 1992/nternationa/ bilitywith mineraloils. lt has been tested inap-
Refrigeration Conference- Energy Efficiency and proximately 150 vehicles, two since August
New Refrigerants, edited by D. R. Tree and J.E. 1990. Only one failure has resulted, but it was
Braun, Purdue University, West Lafayette, IN, vol- not attributed to the refrigerant change. Colder
ume 2, pages 611-, July 1992 (9 pages with 6 fig- air delivery than for R-12 was found; the con-
ures and 3 tables, RDB2836) densing temperature is higher, though still low

enough to prevent refrigerant/oU breakdown.
K. Dc Gerdsmeyer (Danfoss GmbH, Germany), R- The isobutane content makes the blend miscible
134a in Small Commercial refrigeration Sys- in standard mineral oils, including Suniso 3GS
tems: Some Practical Aspects, Proceedings of and 5GS naphthenic oils and Virginia KMP 150
the 1992 International Refrigeration Conference - paraffiniccii. The flammability, both as com-
Energy Efficiency and New Refrigerants, edited by pounded and afterfractionationfrom leakage, is
D. R. Tree and J. E. Braun,PurdueUniversity,West reviewed. Testing of a silane-based,desiccant
Lafayette, IN, volume 1, pages 197-202, July 1992 and sealantadditiveare described to reduce re-
(10 pageswith 4 figures,RDB2721) frigerantleaks. The paper notes that the blend

This paper present findings with R-134a in composition can be customized for hot cli-mates.
commercial refrigerationequipment for evapo-
rating temperaturesof -15 to +15 °C (5-59 °F)
with small hermetic compressors (with dis- L.R. Grzyll and C. F. Parish (Mainstream Engi-
placements volumes up to 20 cm3, 1.2 in3). neeringCorporation),An Innovative Approach for
Emphasis is placed on beveragecoolers, cool- the Screening and Development of CFC Alter-

natives, Proceedings of the 1992 International Re-ing units for electronics, commercial refrigera-
tors, and heat pump water heaters (HPWHs). frigeration Conference - Energy Efficiency and
Cooling capacities are plotted for R-12 and R- New Refrigerants, edited by D. R. Tree and J. E.
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Braun, Purdue University,West Lafayette,IN, vol- B.D. Joyner, Refrigerants 69-S and 69-L, "Drop
ume 2, pages 415-424, July 1992 (10 pageswith 6 In" Replacements for R-502, Proceedings of the
figuresand 4 tables,RDB2824) International CFC and Ha/on A/tematives Confer-

ence (Baltimore, MD), Alliance for Responsible
L-Z. Han, M-S. Zhu, and Z-Z. Lin(TsinghuaUniver- CFC Policy, Arlington,VA, December 1991 (RDB-
sity,China), Experimental Study on Blend HCFC- 2303)
22/HFC-152a as a Refrigerant in Refrigerator,
Proceedings of the International CFC and Ha/on G.S. Kazachki (Acurex Environmental Corporation)
Altematives Conference (Baltimore, MD), Alliance and C. L. Gage (U.S. Environmental Protection
for Responsible CFC Policy, Arlington, VA, pages Agency), Thermodynamic Evaluation of Pre-
494-501, December 1991 (8 pages with 4 figures dieted Fluorinated Ether, Ethane, and Propane
and 1 table, RDB2311) Azeotropes, Proceedings of the 1992Intemational

Refrigeration Conference - Energy Efficiency and
X. He, U. C. Spindler, D. Jung, and R. Raderrnacher New Refrigerants, edited by D. R. Tree and J. E.
(Universityof Maryland), Investigation of R-22/R- Braun, Purdue University,West Lafayette, IN, vol-
142b Mixture as a Substitute for R-12 in Single- ume 2, pages 595-605,July 1992 (11 pageswith 10
Evaporator Domestic Refrigerators, paper 3557 figuresand 4 tables,RDB2834)
(Winter Meeting, Anaheim, CA, January 1992), This paper summarizesthermodynamicanaly-
Transactions, AmericanSociety of Heating,Refrig- sesof sevenpredictedazeotropesof fluorinated
erating,and Air-ConditioningEngineers(ASHRAE), ethers,ethanes,and propanes. They includeE-
Atlanta, GA, volume 98, part 1, pages 150-159, 125/R-C270, E-125/R-134a, E-143a/R-134, R-
1992 (10 pages with 10 figures and 1 table, RDB- 134a/E-143a, E-143a/R-152a, R-134/R-245cb,
2340) and R-245cb/R-227ea. Their performance was

evaluated using basic thermophysical property
H. M. Hughes (Allied-Signal Incorporated), Non- data and the results used to rank the azeotropes
Ozone Depleting Refrigerants for Centrifugal amongotherrefrigerants.
Compressors, Proceedings of the International

CFC and Halon Alternatives Conference (Washing- T.S. Kim, J. Y. Shin,S. D. Chang,M. S. Kim, andS.
ton, DC), Alliancefor ResponsibleCFC Policy,At- T. Ro (Seoul National University, Korea), Cycle
lington,VA, pages41-46, September 1992 (6 pages Performance and Heat Transfer Characteristics
with4 figures,RDB2A01) of a Heat Pump Using R-22/R-142b Refrigerant

This paper reviewsthe characteristicssought in Mixtures, Proceedings of the 1992 International
a replacementfor R-11 and R-123, as well as Refrigeration Conference -Energy Efficiency and
reasonsfor their widespread use and the long- New Refrigerants, edited by D. R. Tree and J. E.
term need for a replacement. R-245ca, with a Braun, Purdue University,West Lafayette, IN, vol-
boilingpoint of 25.5 °C (79 9 °F) anda molecular urne 1, pages 53-62, July 1992 (10 pages with 14
mass of 134.0, is identifie_a._a candidate, lt is figures,RDB2713)
reported to be nonflammabl__nd havea global
warming potential (GWP) com_.,_rableto that of W.L. Kopko (York InternationalCorporation),Ex-
R-134a. The paper presents th_ resultsof cycle tenaing the Search for New Refrigerants, Inter-
comparisons based on modelling. These re- national Journal of Refrigeration, Paris, France,
suits include figures comparing the capacity volume 13, number 3, March 1990, pages 79 ff
and coefficientof performance (COP) for R-11, (RDB2304)
R-123, and R-245ca. An investigationof multi-
stage systemsis outlined. The results,exclud- H. Kruseand F. Rinne(Universit&tHannover,Ger-
ing interstage losses, indicate that R-245ca many), Performance and Leakage Investigations
matches R-11'sefficiencywith three stagesand of Refrigeration and Air-Conditioning Systems
becomes more efficient with four or more. Using Refrigerant Mixtures as Working Fluids,
Moreover, anticipation of better heat transfer Proceedings of the 1992International Refrigeration
characteristics is noted, based on the higher Conference - Energy Efficiency and New Refriger-
molecularweight of R-245ca. Littleis known of ants, edited by D. R.Tree and J. E. Braun,Purdue
the toxicity of this fluid, though most HFCs tend University,West Lafayette, IN, volume 2, pages
to have low toxicity. Potentialobstaclessuchas 621-630, July 1992 (10 pageswith 10 figures,RDB-
lubricant identificationand materialscompatibil- 2837)
ity arediscussed.

H. Kruse and U. Hesse (Universit_.tHannover,
J. A. Jones and A. Lund, Low-Ozone Damaging Germany), Possible Substitutes for Fully Halo-
Fluid Mix Substitutes for Refrigerant 12, Jet genated Chlorofluorocarbons Using Fluids AI-
Propulsion Laboratory,CaliforniaInstitute of Tech- ready Marketed, Status of CFCs - Refrigeration
nology, Pasadena,CA 1989 (RDB2338) Systems and Refrigerant Properties (proceedings

of the meetings of IIRCommissions Bl, B2, El, and
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E2, Purdue University,West Lafayette, IN), Interna- This article reviews the criteria required of re-
tional Institute of Refrigeration, Paris, France, July frigerants and the reasons chlorofluorocarbons
1988; republished in the International Journal of (CFCs) were originally investigated. A system-
Refrigeration, Pads, France, volume 11, number 4, atic examination, based on molecular structure,
pages 276-283, 1988 (RDB2305) reveals a range of compounds that should be

environmentally acceptable and still retain de-
L. J. M. Kuijpers (Phillips ResearchLaboratories), J. sired attributes. 860 compounds were
A. De Witt, and M. J. P. Janssen, Possibilities for screened, resulting in 51 fluids warranting fur-
the Replacement of CFC 12 in Domestic Equip ther examination. The article notes that the
ment, International Journal of Refrigeration, Paris, number of compounds from which to choose
France,volume11, number4, pages284-291, 1988 alternatives is limited; the chlorofluorocarbon
(RDB2258) family - including fluorocarbons and hydrocar-.

bons - remains the clear choice by virtue of
J. W. Linton, W. K. Snelson, P. F. Hearty, and A.R. stability, thermodynamic properties, health and
Triebe (National Research Council, Canada), The safety characteristics, and familiarity. Some
Potential of HFC-134a and HFC-152a to Replace compromise with traditional criteria (e.g., ca-
CFC-12 in Medium Temperature Heat Pump Ap- pacity, flammability, and efficiency) will be
plications, Proceedings of the 1992 International needed. Present refrigerants resulted from
Refrigeration Conference - Energy Efficiency and more than 30 years of research and develop-
New Refrigerants, edited by D. R. Tree and J.E. ment. Careful scientific and technological plan-
Braun, Purdue University, West Lafayette, IN, vol- ning are required to effect a significant change,
ume 1, pages 203-209, July 1992 (7 pages with 8 and to avoid a new solution that introduces
figures, RDB2722) more problems than it solves.

S. Madigan (Danfoss), Compressor Manufa¢- S.M. Miner (Engineering Consultant), An Ap-
turer's Experiences with R-134a Applications, praisal of Ammonia as an Alternative Refrigerant
Proceedings of the International CFC and Halon in Light of the CFC and GWP Situation, Techni-
Alternatives Conference (Washington,DC), Alliance cal Papers of the 14rh Annual Meeting (22-25
for ResponsibleCFC Policy, Arlington, VA, pages March 1992, Miami, FL), InternationalInstitute of
153-155, September 1992 (3 pages with 4 figures Ammonia Refrigeration (lIAR), Washington, DC,
and 1 table, RDB2A14) pages 231-250, March 1992 (20 pages with 4 fig-

This paper outlines factors requiring attention ures and 5 tables,RDB2912)
when substituting R-134a for R-12 in systems This paper reviewsthe historyof ammonia re-
withcapillary tubes and DanfossLBPcompres- frigerationand the impediments- realand per-
sots. Pressure-enthalpydiagrams showthatthe ceived - to itsbroader use. Safetyissuesand
latent heat of vaporizationis significantlyhigher environmentalbenefits associated with amino-
for R-134a than for R-12, requiringlower mass nia areidentified. Currentdevelopmentsand re-
flow for the same capacity. A table compares searchefforts related to ammoniause are sum-
the enthalpyand design parametersfor the two marized. The paper then outlinesseveralappli-
fluids. The paper notes that capillary tubes cationsof ammoniaas examplesand concludes
must be reselected with the refrigerantchange withsourcesoffurther information.
to adapt for the differences in pressure and
mass and volume flow. Compatibility is noted D. Naito (Daikin Industries, Limited), Alternatives
as good with substitutionof polyoi ester lubri- to CFC Refrigerants,Proceedings of the 3td In-
cants, to account for miscibility;valve coking is ternational Energy Agency Heat Pump Conference
not anticipated. The dependence on a filter (Tokyo, Japan, 12-15 March 1990), edited by T.
drier,with UnionCarbideXH7 recommendedas Saito and Y. Igarashi, Pergamon Press, Elmsford,
the desiccant,is outlinedbased on the moisture NY, pages713-720, 1990 (8 pages, RDB0407)
content of the lubrioantand the difficultyof dry-
ing it. A set of housekeepingrulesisoutlined. A.D. Nickens, G. F. Brunner,and D. L. Hamilton,

Navy Investigations of HFC-134a as a Replace-
M. O. McLindenand D. A. Didion(NationalInstitute ment for CFC-12 in Shipboard Applications,
of Standards and Technology, NIST), Quest for Naval Engineers Journal, pages 98-103, May 1992
Alternatives, ASHRAE Journal, December 1987, (6 pages with4 figuresand 4 tables,availablefrom
republished in ASHRAE Special Publication,CFCs: JMC as RDB2706)
Time of Transition, American Society of Heating, This article reviewsresearch and development
Refrigerating, and Air-Conditioning Engineers effortsby the U.S. Navyto qualifyR-134aas the
(ASHRAE), Atlanta, GA, pages 69-78, 1989 (6 retrofitreplacement refrigerantfor R-12 and for
pageswith9 figuresand 1 table, RDB2259) future air-conditioningapplicationson shipsand

submarines. The article recaps fleet use of R-12
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for air-conditioning and refrigeration,compares This paper describes the development, perfor-
the properties of R-134ato those of R-12, and mance testing, flammability considerations,
outlines the Navy's review of toxicity data and charging, and separation of two ternary zeo-
risk affects. Unique considerations for subma- tropes developed as replacements for R-502.
rine use are summarized, including potential in- Both are blends of R-22, R-218 (octafluoropro-
teractions with life-support and contaminant re- pane), and R-290 (propane). One containing
moval systems, in the event of refrigerant leaks. 39% R-218 results in marginally lower discharge
These systems inClLEleburners to oxidize car- temperatures; the other containing 20% R-218
bon monoxide and hydrogen as well as carbon offers discharge temperatures between those of
dioxide scrubbers. The article reviews tests of R-502and R-22. These R-290/22/218 mixtures
R-134a in 25 and 80 ton shipboard air-condi- are nonflammable and of low toxicity. They ex-
tioning plants. Initial retrofit tests using R-134a hibit ozone depletion potentials (ODPs) of 0.037
with a polyalkylene glycol (PAG) lubricant re- and 0.028 and nearly the same refrigerating ef-
suited in 5% improvements in both capacity and fect as R-502. Measured coefficients of perfor-
efficiency. Inspection after 5100 hours of oper- mance (COPs) with these blends were higher
ation, however, revealed extensive copper plat- than for R-502 under comparable conditions.
ing and severe damage to one piston, wrist pin, The paper describes the choice of components,
and connecting rod. Damage to other parts, in- including initial consideration of blends con-
cluding a chipped oil ring, worn piston rings, taining R-125 and R-1270. The test rig, results,
and broken or collapsed suction valve springs and effects of diffusion and replacement of lost
also were noted. These findings led to a judge- refrigerants also are discussed. Extensive inter-
ment that PAG lubricants are unsatisfactory for national field testing is mentioned, but not de-
shipboard reciprocating compressors for air scribed.
conditioning. While a molecular-sieve drier had
been used for a portion of the cited tests, initial S.F. Pearson, (Star Refrigeration Limited), De-
operation was without a drier. The paper re- velopment of a Substitute for R502, paper 162,
views a subsequent test of an 80 ton plant with proceedings of the XVlllth International Congress
R-134aand a proprietary polyol ester (POE) Iu- of Refrigeration (Montreal, Quebec, Canada, Au-
bricant, provided by the Carrier Corporation. A gust 1991), International Institute of Refrigeration,
lubricant analysis after two hours of operation Paris, France,August 1991 (RDB2425)
revealed approximately 15%residual mineral cii,
which was reduced to approximately 3% after a S.F. Pearson, (Star Refrigeration Limited), Refrig-
second oil change. Cooling capacity increased eration after CFOs, proceedings of the Low Tem-
by 1% and efficiency dropped by 2% using R- perature Engineering and Cryogenics Conference,
134a. Although minor copper plating was evi- Southampton, 1990 (RDB2237)
dent after 2000 hours of operation, particularly
on the suction valves, no measurable decom- R.L. Powell (ICI Chemicals and Polymers, Limited),
position was detected in the R-134a. No mea- Long Term Replacements for R-22 and R-502:
surable wear was found on any component to The Next Challenge, unpublished presentation
date, and the extended operation test is contin- (International CFC and Halon Alternatives Confer-
uing. Onboard demonstration and fleet retrofit ence, Baltimore, MD), available from ICI Americas
plans aresummarized. Incorporated, New Castle, DE, USA, December

1991 (7 pages with 4 figures and 2 tables, RDB-
G. J. O'Neill and R. S. Holdsworth (W. R. Grace and 2519)
Company), Bis (Difluoromethyl) Ether Refriger- This paper identifies a number of substitute
ant, patent 4,961,321, 9 October 1990 (4 pages, candidates for R-22 and R-502, and describes
RDB1133) the advantages and disadvantages of each.

This patent describes the use of E-134as a re- Options addressed include R-32, R-125,R-134a,
frigerant, either as a single component or in a R-143a, R-152a, as well as nine binary and ten
blend. The refrigerant is described as environ- ternary blends of them. Selection of candidates
mentally safe, nontoxic, and nonflammable and is limited to fluorocarbons, because only these
as havtng the desired physical, chemical, and compounds exhibit the low boiling points
thermodynamic properties necessary for a re- needed for refrigeration, especially at tempera-
frigerant, tures needed for commercial frozen-food stor-

age. Chlorinated compounds are excluded be-
S. F. Pearson, (Star Refrigeration Limited), The De- cause of their potential for ozone depletion.
velopment of a Drop-In Replacement for R502, Perfluorocarbons, such as R-218, are unlikely
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 expectedto lead
15 figuresand1 table, RDB2306) to high direct global warming potentials

(GWPs). Similarpropertiesto the fluids being

please see pages 4-6 for ordering information I
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replaced, to minimize equipment development lished draft report, U.S. Environmental Protection
requirements, and avoidance of subatmospheric Agency, Washington, DC, November 1990 (80
operation are further goals. Flammability and pages with 24 exhibits, RDB1134)
toxicity limit some choices, such as R-290 This peer-review draft examines alternative re-
(propane) and R-717 (ammonia). The paper frigerants for R-22. The report summarizes the
raises avoidance of high GWPs, flammable simulation programs used, HAC and HACT, to
ranges, high discharge superheat, high frac- examine candidate refrigerants. Coefficients of
tionation potential in leakage, and maintenance performance (COPs)and seasonal performance
or improvement of efficiency to further narrow factors (SPFs) were calculated for a number of
the list. The paper recommends mixtures or R- mixtures. The report also reviews the design
32 and R-134a, modified where necessary with modifications considered and discusses re-
R-125 to suppress the flammability of R-32 and quirements for future research. No single-com-
reduce discharge temperatures, as the preferred ponent refrigerant was found suitable as a sub-
solutions, stitute, but binary and ternary blends appear

promising. The R-32/152a blend was identified
R. Radermacher and D. Jung (University of Mary- as the most promising option, with an estimated
land), Theoretical Analysis of Replacement Re- COP increase of 11%. A further increase by 4%
frigerants for R-22 for Residential Uses, report wasestimatedwith use of a suctiongas heat ex-
EPA/400/1-91/041, U.S. EnvironmentalProtection changer. Addition of a third, nonflammable
Agency, Washington, DC, December 1991 (77 component is suggested to reduce flammability. _'
pages with 10figures and 10tables, RDB2509) (This published draft was replaced by RDB-

This report examines the need and candidate 2509.)
replacements for R-22. The simulation pro-
grams (HAC1 for single fluids and binary mix- R. Radermacher (University of Maryland) and J.
tures and HACT1for ternary mixtures) and data Lavelle (Elf Atochem North America, Incorporated),
used for the study are summarized. Hydrofluo- Comparison of R-12 with the Blend of R-22/R-
rocarbon (HFC) refrigerants R-32, R-125, R-134, 142b, Proceedings of the ASME Winter Annual
R-134a, R-143a, and R-152a and hydrochloro- Meeting, American Society of Mechanical Engi-
fluorocarbon (HCFC) R-124 were selected for neers (ASME), New York, NY, pages 22-30, 1988
analyses. Results are presented for R-32/124, (RDB2339)
R-32/134, R-32/134a, R-32/152a, R-125/124, R-
125/134a, R-125/152a, R-143a/124, R- M.L. Robin, Y. likubo (Great Lakes Chemical Cor-
143a/134a, and R-143a/152a. Results also are poration), G. de Souza Damasceno, J. N. DubrouU-
provided for three ternary blends, investigated let, V. W. Goldschmidt, and D. R.Tree (Purdue Uni-
to reduce flammability, namely R-32/152a/124, versity), Performance of Alternative Refrigerants:
R-32/152a/134, and R-32/152a/134a. Coeffi- Refrigerator-Freezer Energy Testing with HFC-
cients of performance (COPs) and seasonal 152a / HFC-227ea Mixtures, Proceedings of the
performance factors (SPFs) were calculated. International CFC and Halon Alternatives Confer-
The report alsoreviewsthe designmodifications ence (Washington,DC), Alliance for Responsible
consideredand discusses requirementsfor fu- CFC Policy,Arlington,VA, pages 99-104, Septem-
ture research. No single-componentrefrigerant ber 1992 (6 pageswith2 tables,RDB2A05)

was foundacceptable as a substitute,but binary This paper presents measured performance
and ternary blends appear promising. The data for blendsof R-152aand R-227eatested in
ternary mixture of R-32/152a/124 showed the an unmodified home refrigerator. Physicaland
best performance, with a COP increase of thermodynamicpropertiesas well as flammabU-
13.7% over R-22. Chlorine-freeR-32/152a/134 ity data and ozone depletion potentials(ODPs)
yielded a 12.6% increase, but no manufacturer are tabulatedfor R-12, R-152a, and R-227ea for
has indicated intent to produce R-134. R- comparison. The energy measurementswere
32/134a showsan improvementof 6% and may based on ANSI/AHAM Standard HRF-1-1988,
not be flammable since it contains70% R-134a. with an increased number of thermocouples.
The report notes that significant design An unidentifiedpolyolester (POE) was used as
changes, such as use of counter-flowheat ex- the lubricantfor the R-152a/227ea mixtures. R-
changers, will be necessary to achieve these 152a/227ea (80/20) offered slightly reduced
gains. A caveat indicates that the ranking of energy consumptionand that 50/50 and 20/80
substitutesmay change, due to the influenceof mixtures increased energy consumption by
transport properties and other variables not 4.3%. The paper concludes that the R-
considered. (Thisreport replaces the published 152a/227ea blends may offer significantly ira-
draft, see RDB1134.) proved performance compared to R-12 in an

R. Radermacherand D. Jung (Universityof Mary-
land), Replacement Refrigerants for R-22, pub-
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optimized system. Recommendationsare pro- pressor components were reviewed after 1000
vided for furtherwork. hoursacceleratedlifetestingin R-134aand inR-

22/R-142b. Parts from the R-134acompressor
R. J. Rose (Universityof Maryland), D. Jung (lnha looked very good, whereas parts from the R-
University,Korea)and R. Radermacher(University 22/R-142b test unitshowed muchmore thermal
of Maryland), Testing of Domestic Two-Evapo- breakdown. SomeAEGengineersfavor R-152a,
rator Refrigerators with Zeotropic Refrigerant or blends of R-152awith R-22 or R-134a, as an
Mixtures, paper 3620 (AnnualMeeting, Baltimore, alternativeto R-12.
MD, June 1992), Transactions, AmericanSocietyof
Heating, Refrigerating,and Air-ConditioningEngi- K.S. Sanvordenker (Tecumseh Products Com-
neers (ASHRAE),Atlanta, GA, volume 98, part 2, in pany), Compressor Manufacturer's R-134a Ap-
publication (10 pages with 7 figuresand 3 tables, plications, Proceedings of the International CFC
RDB2605) and Halon Alternatives Conference (Washington,

DC), Alliance for ResponsibleCFC Policy, Ading-
S. M. Sami, J. Schnotale (University of Moncton, ton, VA, pages 157-164, September1992 (8 pages
Canada,),and J. G. Smale (DuPont Canada, Incor- with3 figuresand 3 tablescontainingcorrectionsto
pora_ed), _n Investigation of Ternary Blends thecopy inthe proceedings,availablefrom JMC as
Performanc_ _;_posed as Substitutes for CFC- RDB2901)

12, Proceedings of the 1992 International Re- Thispaper highlightsthe effortsofa compressor
frigeration Conference - Energy Efficiency and manufacturerto implementresearch data into
New Refrigerants, edited by D. R. Tree and J.E. R-134a applicationsfor hermetic units. Com-
Braun, Purdue University,West Lafayette,IN, vol- parativecapacity and performance data, based
ume 2, pages 651-660, July 1992 (10 pageswith 9 on calorimetertests,are tabulated for compres-
figures,RDB2840) sots representativeof those used in refrigera-

tor/freezer applications. The capacity is ap-
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.
chlorinated Substitutes for CFC-11 and CFC-12 Further data show that the relative capacities
in Centrifugal Chillers, International Journal of and efficiencies of R-12 and R-134a may be
Refrigeration, Paris,France,publicationpending(6 lower or higher depending on the application
pages, RDB2411) conditions. Sound levelsare plotted for tradi-

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 compatibility is-
Research Institute, EPRI), Modeled Performance suesare reviewed,noting the advantagesand
of Nonchlorinated Substitutes for CFC-11 and acceptance of polyolester (POE) lubricantsas
CFC-12 in Centrifugal Chille_, Proceedings of the consensusselectionfor R-134a. The paper
the International CFC and Halon Alternatives Con- discusseslubricantstability,chemical reactivity,
ference (Baltimore,MD), Alliancefor Responsible miscibility,solubility,and lubricity. A plot com-
CFC Policy,Adington,VA, pages 406-415, Decem- pares the solubilityof R-12 and R-134a in two
ber 1991 (10 pages with 2 tables,RDB2260) POEs to R-12 in mineral oil. The discussion

suggeststhat a bigger motor, with a small po-
J. R. Sand and E. A. Vineyard,Report of Foreign tential penaltyin efficiency,may be requiredfor
Travel: 2-5 May 1989 [Zeotropic Blends in Re- R-134adue to the impact on equalizationpres-
frigerators],ORNL/FTR-3251, Oak Ridge National sureandthe requiredstartingtorque. A need is
Laboratory, Oak Ridge, TN, 18 May 1989 (14 noted for new test methods for lubricity. The
pages, RDB1135) impacts on motor insulation and uncertainties

This informal report summarizes meetings on regarding contaminants are covered briefly.
refrigerator/freezer testing with zeotropic blends The paper concludes that there are no technical
of refrigerants (nonazeotropic mixtures of re- barriers to conversion from R-12 to R-134a, but
frigerants or NARMs) at the Universit&t Han- that information dissemination and the cost of
nover (Hannover, FRG). The research in- the refrigerant and lubricant remain factors in
vestigated a freezer, modified with a polystyrene the rate of conversion.
block to form separate freezer and fresh-food
compartments, operating with an R-22/142b re- K.S. Sanvordenker (Tecumseh Products Com-
frigerant blend. The simulationprogram, testing pany), R-152a versus R-134a in Domestic Refrig-
protocol, instrumentation,and plansfor testing erator-Freezer - Energy Advantage or Energy
other blendswere reviewed. Alsoaddressed is Penaltyl, Proceedings of the 1992 International
a visit to AEG GmbH (Kassel, FRG), a major Refrigeration Conference- Energy Efficiency and
manufacturer of domestic appliances, to dis- New Refrigerants, edited by D. R. Tree and J. E.
cuss researchon alternativerefrigerants.Com-

I please "_ ,t _ r_ in_rm_+i_r_
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Braun, Purdue University,West Lafayette, IN, vol- 163, proceedings of the XVIIIth International
ume 1, pages 259-263, July 1992 (5 pages with 4 Congress of Refrigeration (Montreal, Quebec,
tables,RDB2728) Canada,August1991), InternationalInstituteof Re-

This paper presentsnew laboratorydata for R- frigeration,Paris,France,August1991 (RDB2307)
12, R-134a, and R-152ain domesticrefrigerator-
freezer applications, lt respondsto assertions J.G. Smale (Du Pont Canada, Incorporated),New
and reported findings that R-152a would offer Refrigerants a' " Mixtures for Heat Pump Op-
higher efficiency, noting an error in the pub- portunities in Canada, Proceedings of the 3rd In-

ternational Energy Agency Heat Pump Conference
lishedthermodynamicdata used. The paper re- (Tokyo, Japan, 12-15 March 1990), edited by T.views reports of R-152a advantagesand impli-
cations, lt also providescapacity,and efficiency Saito and Y. Igarashi, PergamonPress, Elmsford,
data, based on calorimeter tests, for six com- NY, 1990 (10 p__.noswith 5 figures and 11 tables,

RDB2A13)pressors for R-12, R-134a, and R-152a with a
polyolester lubricant. Thesetestswere run at -
23 °C (-10 °F) evaporatortemperatureand both L. Snitkjaerand F. K. Eggert (Danfoss-Flensburg
43 and 54°C (110 and 130 °F) condensertem- GmbH, Germany), Use of a Ternary Blend in Ex-
peratures. The test method,ASHRAEStandard isting Domestic CFC-12 Appliances, Proceed-
23, and associated neculiarities are reviewed, ings of the 1992International Refrigeration Confer-
R-152aconsistentlyyieldeda 10% lowercapac- once - Energy Efficiency and New Refrigerants,
ity than R-134a, which in turn showed a 10% edited by D, R. Tree and J. E. Braun,Purdue Uni-
drop compared to R-12. "C_eenergyefficiencies versity,West Lafayette, IN, volume 2, pages 631-
were nearlythe same at the higher condensing 640 July1992 (10 pages with 5 figuresand4 tables,
temperature,but R-152asuffereda 6.5% penalty RDB2&38)
at the more representative lower condensing
temperature. The data are briefly related to T. G. Start (U.S. Department of Energy), An
analysesby other investigators,which corrobo- Overview of Ozone=Safe Refrigerants for Cen-
ratethe findings. The paper concludesthat use trifugal Chillers, CFC Alternatives, technical data
of R-152a instead of R-134a may yielda signffi- bulletin6(1), American Society of Heating, Refrig-

erating,and Air-ConditioningEngineers(ASHRAE),
cant energypenaltyratherthanadvantage. Atlanta,GA, pages 35-39, June 1990; republished

I. R. Shankland (Allied-SignalIncorporated), CFC in Transactions, American Society of Heating, Re-
Alternatives for Thermal Insulation Foams, frigerating,and Air-ConditioningEngineers,Atlanta,
CFCs: Today's Options - Tomorrow's Solutions GA, volume 96, part 1, 1990 (5 pages with 2 figures
(proceedings of ASHRAE's CFC Technology Con- and 5 tables, RDB_335)
ference, National Institute of Standards and Tech-
nology, Gaithersburg, MD, September 1989), ! R. A. Struss, J. P. Henkes, and L. W. Gabbey (Mo-
AmericanSocietyof Heating, Refrigerating,and Air- i din_ Manufacturing Company), Performance
Conditioning Engineers (ASHRAE), Atlanta, GA, Comparison of HFC-134a and CFC-12 with Vari-
pages 87-95, 1990(9 pages, RDB0518) ous Heat Exchangers in Automotive Air-Condi-tionine Systems, paper 900598 (SAE l,lternational

M. B. Shiflet,A. Yokozeki,and P. R. Reed (DuPont Congressand Exposition,Detroit,MI, 26 February-
Chemic,_ls),Property and Performance Evalua- 2 March 1990), Society of Automotive Engineers
tion of "SUVA" HP Refrigerants as r_-502Alterna- (SAE), Warrendale, PA, February '1990 (12 pages
tives, Proceedings of the 1992 /ntemationa/ Re- with 13 figuresand7 tables,RDB2A17)
J'rigeration Conference - Energy Efficiency and Ths paper reviewsvehicularwind 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
ume 1, pages 15-24, July 1992 (10 pages with 10 performance of R-12 and R-134a with various
figuresand 2 tables,RDB2709) heat exchangers. The vehicles,heat exchang-

ers, testfacilities,approach,and findingsare re-
M. B. Shiflet, A. Yokozeki, and D. B. Bivens (Du viewed. R-12 was tested with a 525 SUS vis-
Pont Chemicals), Refrigerant Mixtures as HCFC- cosity mineral oil. R-134a was tested with a
22 Alternatives, Proceedings of the 1992 Interna- proprietary polyalkyleneglycol, supplied _y Du
tiona/Refrigeration Conference - Energy Efficiency PontChemicals. The heat exchangersincluded
and New Refrigerants, edited by D. R. Tree and J. both a serpentineand a parallet flow designs.
E. Braun, Purdue University, West Lafayette, IN, Refrigerant charge requiremems were deter-
volume 1, pages 35-44, July 1992 (10 pages with 8 mined by comparativetests. R-134aresultedin
figuresand 2 tables,RDB2711) higher head pressures,but the same compart-

ment temperatures as with R-12. Heat ex-
M. B. Sheet _..,_.dP. R. Reed (Du Pont Chemicals), changer selection was found to influence

: Alternative Low-Temperature Refrigerants, paper
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charge levels,indicatedas importantwith useof Modulation in Residential Heat Pumps, paper
the more expensiveR-134a. An appendixde- 3199, Transactions, American Society of Heating,
scribesthe windtunnelused. Refrigerating, and Air-Conditioning Engineers

(ASHRAE),Atlanta,GA,volume95, part 1, 1989 (12
S. G. Sundaresan (Copeland Corporation), Near pageswith4 figuresand 4 tables,RDB1136)
Azeotrope Refrigerants to Replace R-502 in
Commercial Refrigeration, Proceedings of the H. Wijaya (Allied-SignalIncorporated), Adiabatic
1992 International Refrigeration Conference- En- Capillary Tube Test Data for HFC-134a, Pro-
ergy Efficiency and New Refrigerants, edited by D. ceedings of the 1992 International Refrigeration
R. Tree and d. E. Braun, Purdue University,West Conference - Energy Efficiency and New Refriger.
Lafayette,IN, volume 1, pages 1-13,July 1992 (13 ants, edited by D. R. Tree and J. E. Braun,Purdue
pageswith 11 figuresand 7 tables,RDB2708) University,West Lafayette,IN, volume 1, pages63-

71, July 1992 (9 pages with 9 figuresand 3 tables,
S. G. Sundaresan (CopelandCorporation),Alter- RDB2714)
nate Refrigerants and Lubricants for Refrigera-
tion Compressors, paper 151, proceedingsof the M. Yitai,W. Jie, Y. Zhao,W. Huaixin,and L.Canren
XVIIIth International Congress of Refrigeration (TianjinUniversity,China), Investigation of Using
(Montreal,Quebec, Canada,August1991), Interna- Nonazeotropi¢ Refrigerant Mixture as the Re-
tional Instituteof Refrigeration,Paris, France, Au- placement of R-12, Proceedings of the 1992Inter-
gust1991 (RDB2308) national Refrigeration Conference - Energy Effi-

ciency and New Refrigerants, edited by D. R. Tree
D. W. Treadwell (Lennox IndustriesIncorporated), and J. E. Braun,PurdueUniversity,West Lafayette,
Application of Propane (R-290)to a Single Pack- IN, volume 2, pages 669-676, July 1992 (8 pages
aged Unitary Air-Conditioning Product, Pro- with6 figuresand 3 tables,RDB2842)
ceedings of the International CFC and Halon Alter.
natives Conference (Baltimore, MD), Alliance for M-S. Zhu, L-Z. Han, Z-Z. Lin (TsinghuaUniversity,
ResponsibleCFC Policy,Arlington,VA,pages348- China) B. Lu, D. Liu, and L. Yang (BeijingSnow
351, December 1991 (4 pages with 1 table, RDB- Flake Electrical Appliance Group Corporation,
2261) China), Experimental Researches on Domestic

This paper discussesthe safetyconsiderations Refrigerators Using HFC-134a as Refrigerant,
Proceedings of the 1992International Refrigerationand two tests of propane (R-290) as a refriger-

ant in a single-package,unitaryair conditioner. Conference - Energy Efficiency and New Refriger-
Advantagescited includelower dischargetem- ants, edited by D. R. Tree and J. E. Braun,Purdue
peratureand pressurecompared to R-22, both University, West Lafayette, IN, volume 1, pages
favorableto compressor life, as well as higher 241-247, July 1992 (7 pageswith 1 figureand 5 ta-
efficiency(by 1-2%)and materialscompatibility, bles,RDB2726)
The low cost, availability,and favorable envi-
ronmentalattributes (no ozone-depletionpoten- M-S. Zhu, L-Z. Han, andZ-Z. Lin(TsinghuaUniver-
tial and near zero global warmingpotential)are sity, China), Researches of CFC Alternatives in
contrasted to its flammability. The paper esti- Tsinghua University, Proceedings of the Interna-tional CFC and Halon Alternatives Conference
mates the charge quantityrequired to be less (Baltimore,MD) Alliancefor ResponsibleCFC Pol-than half that of R-22, and concludes that the

icy, Arlington,VA, pages 484-493, December 1991
probability of reaching the lower flammability (10 pageswith 6 tables,RDB2312)limit in a house- under identifiedleak assump-
tions - is remote. The paper indicatesthat the
potentialrisksshouldbe evaluatedin lightof the Alternative Refrigerant Research for ResidentialRefrigerator-Freezers, research project 614-RP,
environmentaland otheradvantages. AmericanSocietyof Heating, Refrigerating,and Air-

S. Uemura, S. Inagaki, N. Kobayashi,T. Teraoka, Conditioning Engineers (ASHRAE), Atlanta, GA,
and M. Noguchi (DaikinIndustries,Limited),Char- April1989-June 1991 (ASH0614)
acteristics of HFC Refrigerants, Proceedings of The contractor for this project was Oak Ridge
the 1992 international Refrigeration Conference - National Laboratory,led by E. Vineyard;it was
Energy Efficiency and New Refrigerants, edited by sponsored by ASHRAE Technical Committees
D. R. Tree and J. E. Braun, Purdue University,West 3.1, Refrigerants and Brines, and 7.1, Residen-
Lafayette, IN, volume 2, pages 385-394, July 1992 tial Refrigerators and Food Freezers. [see RDB-
(10 pages with 13figures and 5 tables, RDB2821) 2412 for findings]

E. A. Vineyard, J. R. Sand (Oak Ridge National As Easy as 123, E. I. du Pont de Nemours and
Laboratory, ORNL), and T. G. Statt (U.S. Depart- Company, Incorporated, Wilmington, DE; The
ment of Energy, DOE), Selection ot Ozone-Safe, Trane Company, La Crosse Wl; and York Interna-
Nonazeotropic Refrigerant Mixtures for Capacity

I please see pages 4-6 for ordering information i
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tional Corporation, York, PA; October 1990 (12- ABSORPTION AND ADSORPTION
minute videotape, RDB1137)

This video explainshow R-123 was developed
to replace R-11 by balancingozone-depletion, M.R. Ally, Computer Simulation of Absorption
global-warming,and energy-efficiencyconsid- Heat Pump Using Aqueous Lithium Bromide and
erations. Ternary Nitr_*,eMixtures, reportORNL/TM-10392,

Oak Ridge National Laboratory, Oak Ridge, TN,
CFCs: Time of Transition, American Society of June 1988 (52 pages, available from NTIS, RDB-
Heating, Refrigerating,and Air-ConditioningEngi- 1143)

neers (ASHRAE),Atlanta,GA, 1989 (274 pageswith This report presentsthe resultsof a computer
32 papers,RDB1138) simulationstudyaimed at comparingthe poten-

tial performance of lithiumbromide (LiBr) and
CFCs: Today's Options-Tomorrow's Solutions, ternary nitrate aqueous mixtures in a heat
proceedings of 1989 ASHRAE CFC Technology pump. The falling-filmheat transfercoefficient
Conference (Gaithersburg,MD, September 1989), for the ternary nitratemixture is estimatedto be
AmericanSocietyof Heating,Refrigerating,andAir- lowerthan that for LiBrbyabout one-third. Due
Conditioning Engineers (ASHRAE), Atlanta, GA, to a lack of measured thermophysicalproper-
1990 (128 pageswith13 papers,RDB1139) ties,the estimatesreliedon extrapolations. The

resultsshow thatthe ternarynitrate mixturemay
Proceedings of the 1990 USNC/IIR-Purdue Re- be operated up to 260 °C (500 °F) boost tem-
frigeration Conference and ASHRAE-Purdue perature,which is approximately80 °C (176 °F)
CFC Conference, edited by D. R. Tree, P.ay W. higher than what has been demonstrated with
Herrick Laboratories, Purdue University, West LiBr. In highertemperatureregimes,the nitrates
Lafayette,IN, July1990 (526 pages with56 papers, show the potentialfor 10% higher COPs and a
RDB1140) marginallygreater absorbercapacity than LiBr.

Experimentalmeasurementsof the falling film
Progress in Japan with Substitutes for CFC Re- heat transfercoefficient,subcooling, and ther-
frigerants: Report on Trip to Japan (17 Novem- mophysical propertiesare required to make a
ber- 2 December 1989), Air-Conditioningand moredefinitiveinvestigation.
RefrigerationInstitute(ARI),Arlington,VA, 1989 (17
pages including2 tables,RDBOC04) S.C. Bhaduri (Indian Institute of Technology),

This report summarizes observations made Thermodynamic Criterion for Selection of Re-
during a trip to Japan to investigateprogress frigerant-Absorbent Pairs for Vapor Absorption
with substitutesfor chlorofluorocarbonrefriger- Refrigeration System, Proceedings of the Interna-
ants, with emphasison materialscompatibility tional CFC and Halon Alternatives Conference
_nd lubricantresearch issues. The reportsum- (Washington,DC), Alliance for Responsible CFC
marizes status of refrigerants, research, and Policy,Arlington,VA,pages 83-98, September1992
testingtechniques; an itineraryand list of con- (16 pageswith5 figuresand 1 table, RDB2A04)
tacts are included. The substitutesbeing ad-
dressed match those being pursued in the R.L. Cox, Improvements and Enhancements of
UnitedStates, but the effort and depth of analy- the ABSORB Computer Program for Modeling
sisare greater. Chemical Absorption Heat Pump Systems, re-

port ORNL/'I'M-9957, Oak Ridge National Labora-
Research Needs for Energy Efficient Alternatives tory, Oak Ridge,TN, July1986 (56 pages, available
to Chlorofluorocarbons, request for proposals from NTIS, RDB1144)

DE-RPO1-89ER30155,U.S. Department of Energy Thisreport providesdocumentationfor updates
(DOE), Washington.DC. August 1989 (170 pages, to ABSORB.a simulationprogram for modeling
RDB1141) chemical absorption heat pump systems of

varying configuration. A number of improve-
Status of CFCs - Refrigeration Systems and Re- ments and enhancementshave been incorpo-
frigerant Properties, proceedings of the meetings rated to improvethe robustness, flexibility,and
of IIR CommissionsBl, B2, El, and E2 (Purdue applicabilityof this code; these modifications
University,West Lafayette, IN), InternationalInsti- include: 1) a revised strategy of solving the
tute of Refrigeration,Paris,France, July 1988 (438 system equations,2) increased modularization
pageswith51 papers,RDB1142) of the program,and 3) the firsteffortsto employ

the code to determine an optimum economic
design of a heat pump system. A listingof the
FORTRANsourcecode for ABSORBis included
as an appendix. The listingexcludesthe opti-
,_-,_._,_,,o,,L,_,,_ NPSOL. which lo p,op,i,,tary,,,,6,, ,_ W_,,_j_ ,0 ,.., ......
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and must be separately obtained. User docu- Center of Japan, Tokyo, Japan, volume II, March
mentation to run ABSORB is published sepa- 1990 (362 pages, RDB1148)

rately in report ORNL/Sub/43337/2. This report summarizes the findings of the Inter-
national Energy Agency (IEA) research project

R. C. DeVault,Advanced Absorption Cycles: Sys- on Working Fluids and TransportPhenomena in
tem Development and Supporting Research, Advanced Absorption Heat Pumps (AnnexXIV).
Oak RidgeNationalLaboratory(ORNL),Oak Ridge,
TN, March 1990 (48 pages, RDB1145)

G. Grossman and E. Michelson,Absorption Heat
Pump Simulation and Studies, Part I: A Modular
Computer Simulation of Absorption Systems, RESEARCH PROGRAMS
report ORNL/Sub/43337/2, Oak Ridge National
Laboratory, Oak Ridge, TN (availablefrom NTIS,
RDB0926) J.M. Calm,Research of Alternative Refrigerants,

R. A. MacrissandT. S. Zawacki, Absorption Fluids presentationcharts, ARI Spring Meeting, Air-Con-
Data Survey 1989 Update, reportORNL/Sub/84- ditioningand RefrigerationInstitute,Adington,VA,
47989/4, Oak Ridge National Laboratory, Oak 2-4 April1990 (6 pages, RDB0310)
Ridge, TN, 1989 (52 pages with21 tables,available M.O. McLinden,W. M. Haynes (National Institute
from NTIS, RDB1146) of Standardsand Technology,NIST, USA),J. T. R.

This document updatesthe seriesof reports on Watson(NationalEngineeringLaboratory,UK), and
absorption fluids and data, ORNL/Sub/84- K. Watanabe (KeioUniversity,Japan),A Survey of
47989/1,2,3, withdata developedand published Current Worldwide Research on the Thermody-
primarilybetween 1985-1988,and by citationof namic Properties of Alternative Refrigerants, re-
44 additional references. Seventy-fourworld- port NISTIR 3969, National Instituteof Standards
wide publications containing data relating to and Technology, Boulder, CO, June 1991 (84
properties of binary, ternary, and multicompo- pages,availablefrom NTIS, RDB2262)
nent absorption fluids are identified. The fluids A surveyof researchon thermophysicalproper-
discussed include combinations of 9 different ties of alternative refrigerantsis presented in
refrigerantcompounds, as well as 30 single, 7 tabularform. Researchactivitiesthroughoutthe
binary,and 1 ternaryabsorbentcompounds, world, concerned with either measurementsor

correlationsof properties,are summarized. The
M. R. Patterson,R. N. Crosswhite,and H. Perez- fluids include R-22, R-23, R-32, R-123, R-123a,
Blanco,A Menu-Driven Program for Determining R-124,R-125, R-134,R-134a, R-141b,R-142b,R-
Properties of Aqueous Lithium Bromide Solu- 143a, R-152a, E-134 (bis-difluoromethylether),
tions, report ORNL/TM-11331, Oak Ridge National fluoroethers,and hydrofluoroethersalong with
Laboratory, Oak Ridge, TN, January 1990 (38 mixturescontainingat least one of these. The
pages with programdiskette, availablefrom NTIS, properties addressed are thermodynamic,
RDB1147) transport, phase equilibria,dielectric constant,

This report containsa descriptionof and user's and refractiveindex. The report providessum-
guide for the computer program LIMENU for mary informationabout each researchactivity,
calculating the thermodynamic and transport includingthe ranges of data, estimated accu-
propertiesof aqueous solutionsof lithium bro- racy,and references. The organizationsand in-
mide (LiBr). vestigatorsinvolved as well as apparatus and

techniquesemployed are tabulated by country.
Thermophysical Property Data for Water-Lithium Neither actual property data nor correlating
Bromide at High Temperatures and Concentra- equationsare presented. The objectiveswere
tions, research project 527-RP, American Society to assistin coordinationof research programs,
of Heating, Refrigerating,and Air-ConditioningEn- to expedite acquisition of required property
gineers (ASHRAE), Atlanta, GA, July 1987 - June data, and to serve as a guidefor planningfuture
1991 (ASH0527) research. The collaborativeeffort to compile

The contractor is the Georgia Tech Research this informationwas undertaken under Annex
Institute, led by A. S. Teja; the project was 18, Thermophysical Properties of the Environ-
sponsored by ASHRAE Technical Committee mentally Acceptable Refrigerants, of the Ad-
S.3,Absorption and Heat-Operated Machines. vanced Heat Pump Programmeof the Interna-tionalEnergy Agency.

Working Fluids and Transport Phenomena in
Advanced Absorption Heat Pumps, report HPTC-
30-2, edited by T. Saito, Heat Pump Technology

pleasesee pages 4-6 for ordering information
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K. Watanabe (Keio University, Japan), Current The paper outlines the AREP organization, in-
Status of Thermophysical Properties Research cluding its Task Force (chaired by D. M. Gold-
on CFC Alternatives, Proceedings of the 3rd In- berg) and Technical Committee (chaired by E.
ternational Energy Agency Heat Pump Conference B. Muir); both their membersand participating
(Tokyo, Japan, 12-15 March 1990) edited by T. internationalorganizations are named. The
Saito and Y. Igarashi, Pergamon Press, Elmsford, document reviewsconsiderationsfor ten candi-
NY, pages 263-282, 1990 (22 pages, RDB0408) datesselectedfor initialexaminationfrom nearly

30 nominations. They include R-32/R-125
(60/40), R-32/R-134a (25/75), R-32/R-125/R-
134a (10/70/20), R-290 (propane), R-134a, R-
717 (ammonia), R-32/R-125/R-290/R-134a

AFEAS (20/55/5/20), R-32/R-125/R-134a (30/10/60),
R-125/R-143a (45/55), and R-125/R-143a/R-

Alternative Fluorocarbons Environmental Ac- 134a (45/50/5); the list notes changes in se-
ceptability Study, program description, AFEAS, lected blend compositions from eadier AREP
Washington,DC, April 1990 (4 pages,RDB1149) documents. The lasttwo are of primary interest

AFEAS was initiated in December 1988, as a as potential replacementsfor R-502. Proce-
consortiumof 12 chemical producers,to assess dures and conditionsfor compressorcalorime-
the potentialimpacts of chlorofluorocarbonre- ter and heat transfer test are outlined. The
frigerantalternatives on the environment. Re- Electric Power Research Institute (EPRI) is
suitswere presentedat the UnitedNationsEnvi- funding the heat transfer segment. Planned
ronmentProgramme (UNEP) meetingin Nairobi drop-in tests, system simulations,and system
in August 1989, and were incorporatedas an tests are outlined. Results of the work will be
appendixto the Scientific Assessmentunderthe disseminated through technical publications
MontrealProtocol on Substancesthat Deplete and through the RefrigerantDatabase. A Gantt
the Ozone Layer. The study is beingexpanded chart shows the schedulefor introductionof R-
to conduct further related research. This bro- 22 replacements. Additionalfiguresindicatethe
chure introducesAFEAS. AREP testing plan and detail the heat transfer

testingprotocol.
Alternative Fluorocarbons Environmental Ac-
ceptability Study (AFEAS) Summary Leaflets, Participants' Handbook: R-22 Alternative Re-
Alternative Fluorocarbons EnvironmentalAccept- frigerants Evaluation Program (AREP), Air-Con-
ability Study, Washington,DC, 31 May 1990 (10 ditioningandRefrigerationInstitute(ARI),Arlington,
pages, RDB1150) VA, 2 November 1992 (44 pages, available from

Thisseriesof five leafletssummarizekeyAFEAS JMC as RDB2B03)
findings. They addressAtmospheric Fluorocar- This documentoutlinesan ARI programto eval-
bons and Stratospheric Ozone, Breakdown uate candidatealternativesfor R-22 and R-502,
Products of Alternatives, UV-B Radiation Mea- the latter an azeotrope of R-22 and R-115, for
surements, Alternative Fluorocarbons and GIo- unitary air conditioners, heat pumps, chillers,
bal Warming,and a GIossaryofTerms. refrigeration equipment, and ice-making ma-

chines. This cooperative program seeks to ac-
celerate introduction of alternatives by focusing
research efforts and avoiding duplicative work.
The document outlines the AREP organization,

ARI including its Task Force (chaired by D. M. Gold-
berg), Technical Committee (chaired by E. B.

G. C. Hourahan and D. S. Godwin (Air-Conditioning Muir), and Heat Transfer Subcommittee. lt
and Refrigeration Institute), ARI's R-22 Alternative identifies cooperating organization, including
Refrigerants Evaluation Program (AREP), Pro- the European Committee of Manufacturersof
ceedings of the International CFC and Halon Alter- RefrigerationEquipment (CECOMAF) and the
natives Conference (Washington,DC), Alliancefor ElectricPower ResearchInstitute(EPRI). EPRI
Responsible CFC Policy, Arlington, VA, pages 55- is funding, coordinating, and managing the heat
64, September 1992 (10 pages with 3 figures and 3 transfer segment, an integral part of the pro-
tables, availablefrom JMC as RDB2906) gram. The document identifies the nomination

This paper summarizes a program to evaluate process and resultant candidate refrigerants,
candidate fluids to replace R-22, establish test which have changed since the prior version of .
protocols to evaluate them, conduct the tests, this document. They include R-32/R-125
and present the results. The overall objective is (60/40), R-32/R-134a (30/70), R-32/R-125/R-
to perform a broad screening of alternative can- 134a (10/70/20), R-290 (propane), R-134a, R-
didates, while eliminating unnecessary duplica- 717 (ammonia), R-32/R-125/R-290/R-134a
tion of work and wasting of limited resources.
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(20/55/5/20), R-32/R-125/R-134a (30/10/60), shared. Appendices to this program handbook
R-32/R-134a (25/75), R-32/R-227ea (35/65), R- identify committee members, participation
125/R-143a (45/55), R-125/R-143a/R-134a commitments, international organizations con-
(44/52/4), and R-32/R-125/R-143a (10/45/45). ducting similar research, and pertinent combi-
The last three are of primary interest as potential nations of refrigerants and heat exchanger
replacements for R-502. Procedures and condi- types. A statement of work for an EPRI request
tions for compressor calorimeter and heat trans- for proposals (RFP 3412-50), for the heat trans-
fer test are specified for participants. Resultsof I fer studies,also is appended. [superseded, see
the work will be disseminated via the Refrigerant I RDB2B03for update]
Database. Related research on toxicity and en-
vironmental assessments of the candidate fluids ARi Research Plan, Air-Conditioning and Refriger-
and components will be coordinated and I ation Institute, Arlington, VA, 10 March 1992 (58
shared. Appendices to this program handbook pages, available from JMC as RDBOC01)

identify committee members, participation This plan documents research needs for air-
commitments, international organizations con- conditioning and refrigeration, with primary fo-
ducting similar research, and pertinent combi- cus on refrigerants, energy conservation, and
nations of refrigerants and heat exchanger building environment, lt provides industry guid-
types. This handbook prescribes common ter- ance for public-sector research organizations
minology and definitions to be used as well as and sponsors, lt also may be useful to individ-
formats and contents to be provided for the ual companies in planning proprietary research
program, and development or cooperative programs. A

specific plan for materials compatibility and Iu-
Participants' Handbook: R-22 Alternative Re- bricant research, the basis for the Air-Condi-
frigerants Evaluation Program (AREP), Air-Con- tioning and RefrigerationTechnology Institute
ditioningand RefrigerationInstitute(ARI),Arlington, (ARTI) Materials Compatibility and Lubricant
VA, 10June 1992 (46 pages, availablefromJMC as Research (MCLR) Program, is included as an
RDB2620) appendix. A secondappendixprovidesa series

Thisdocumentoutlinesan ARIprogram to eval- of charts, to show the status of alternativere-
uate candidate alternativesfor R-22 and R-502, frigerantsand projections for their commerci-
tha latter an azeotrope of R-22 and R-115, for alization. The charts also list announced pro-
unitary air conditioners, heat pumps, chillers, duction plants. Charts are included for R-32, R-
refrigeration equipment, and ice-making ma- 123, R-124, R-125, R-134a, R-142b, R-143a, R-
chines. This cooperative program seeks to ac- 152a, and E-134. A third appendix provides
celerate introduction of alternatives by focusing elaborations for selected research recommen-
research efforts and avoiding duplicative work. dations including objectives, rationale, sug-
The document outlines the AREP organization, gested approaches, and estimated or recom-
including its Task Force (chaired by D. M. Gold- mended budgets and time requirements. This
berg), Technical Committee (chaired by E.B. version updates and replaces those published
Muir), and Heat Transfer Subcommittee. lt on 6 November 1989, 30 April 1990, 19 Decem-
identifies cooperating organization, including [ ber 1990,and 25 September 1991.
the European Committee of Manufacturers of
Refrigeration Equipment (CECOMAF) and the
Electric Power Research Institute (EPRI). EPRi
is funding, coordinating, and managing the heat ARTI
transfer segment, an integral part of the pro-
gram. The document identifies the nomination
process and resultant candidate refrigerants. G.C. Hourahan and S. R. Szymurski, Materials
They includeR-32/R-125 (60/40), R-32/R-134a Compatibility and Lubricants Research on CFC-
(30/70), R-32/R-125/R-134a (10/70/20), R-290 Refrigerant Substitutes, report DOE/CE/23810-4,Air-Conditioningand RefrigerationTechnology in-(propane), R-134a, R-717 (ammonia), R-32/R-
125/R-290/R-134a (20/55/5/20), R-32/R- stitute (ARTI), Arlington, VA, October 1992 (16
125/R-134a (30/10/60), R-125/R-143a (45/55), pageswith 10 tables, availablefrom JMC as RDB-
and R-125/R-143a/R-134a (40/45/15). Thelast 2B02)
two are of primary interest as potential re- This progressreport summarizesthe goals and
placementsfor R-502. Proceduresand condi- status of the MaterialsCompatibilityand Lubri-
tionsfor compressorcalorimeterandheat trans- cant Research (MCLR) Program,jointlyfunded
fer test are specified for participants. Results of under a grant from the Department of Energy
the work will be disseminated via the Refrigerant and cost sharing by the air-conditioning and re-
Database. Related research on toxicity and en- frigeration industry. The 36-month program
vironmental assessments of the candidate fluids supports critical research to accelerate intro-
and components will be coordinated and

1= please see pages 4-6 for ordering information
_
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duction of substitutes for chlorofluorocarbon phasealso is introduced, lt includes projects to
(CFC) refrigerants. The program comprises measure the solubility and viscosity of refriger-
projects to measure thermophysical properties, ant-lubricant mixtures, their compatibility with
model the performance and key operating pa- desiccants, and development of screening and
rameters of nine potential alternatives for R-22, test methods. This summary serves as a pref-
test the chemical and thermal stability of refrig- ace for five presentations from the program.
erant-lubricant mi_ures with metals, and mea-
sure the miscibility of lubricants with refriger- S.R. Szymurski (Air-Conditioning and Refrigeration
ants. Three projects are providing information Technology Institute, ARTI), Materials Compatibii-
on the compatibility of refrigerants and lubri- ity and Lubricant Research on CFC-Refrigerant
cants with motor materials, elastomers, and en- Substitutes - Research Update, Proceedings of
gineering plastics. An eighth project collects the Intemational CFC and Halon Alternatives Con-
and facilitates dissemination of data through de- ference (Washington, DC) Alliance for Responsible
velopment and administration of a refrigerant CFC Policy, Arlington, VA, pages 73-82, September
database. The second phase of the project 1992(10 pages, RDB2A03)
commenced in October 1992 and will continue This paper provides an update on the goals and
through September 1994. The scope of the status of the Materials Compatibility and Lubri-
program, objectives of the individual projects, cant Research (MCLR) Program, jointly funded
and significant interim findings are presented, under a grant from the Department of Energy
This program summary also identifies reports and cost sharing by the air-conditioning and re-
resulting from the individual projects, including frigeration industry. The program addresses
three new final reports on Theoretical Evalua- critical research to accelerate the introduction of
tions of R-22 Altemative Fluids, Chemical and substitutes for chlorofluorocarbon (CFC) refrig-
Thermal Stability of Refrigerant-Lubricant Mix- erants. The program comprises projects to
tures with Metals, and Miscibility of Lubricants measure thermophysical properties, test the
with Refrigerants. Ten tables summarize the chemical and thermal stability of refrigerant-Iu-
miscibility of alternative refrigerants in seven bricant mixtures with metals, and measure the
tested lubricants, miscibility of lubricants with refrigerants. One

project is modelling the performance and key
M. Menzer (Air-Conditioning and Refrigeration operating parameters of alternatives for R-22.
Technology Institute, ARTI), ARTI Preliminary Re- Three projects will provide information on the
suits of Materials Exposed to Refrigerants and compatibility of refrigerantsand lubricantswith
Lubricants, Proceedings of the 1992 International motor materials, elastomers, and engineering
Refrigeration Conference -Energy Efficiency and plastics. An eighth project collects and facile-
New Refrigerants, edited by D. R. Tree and J.E. tates dissemination of data through develop-
Braun, Purdue University, West, Lafayette, IN, vol- ment and administration of a refrigerant data-
ume 2, page 677, July 1992 (1 page, available from base. The scope of the program, objectives of
JMC as RDB2812) the projects, and significant preliminary findings

This synopsis introduces the Materials Com- are presented.
patibility and Lubricant Research (MCLR! Pro-
gram, an effort to investigatethe propertiesand S.R. Szymurski, Materials Compatibility and Lu-
compatibilitiesof alternativerefrigerants. The bricants Research on CFC-Refrigerant Substi-
goal of this program is to accelerate commer- tutes, report DOE/CE/23810-3, Air-Conditioning
cializationof chlorofluorocarbon(CFC) and hy- and RefrigerationTechnology Institute(ARTI), Ar-
drochlorofluorocarbon (HCFC) substitutes in lington, VA, July 1992 (13 pages, available from
air-conditioning and refrigeration applications. JMC as RDB2809)
The funding and program managementare in- This progressreportsummarizesthe goalsand
dicated. Seven research projects exceeding status of the Materials Compatibility and Lubri-
$1.2 million in total are identified for the first cant Research (MCLR) Program, jointly _unded
phase. The program Includesprojectsto mea- undera grant from the Depa<_'_entot Energy
surethermodynamicand heat transportproper- and cost sharingby the air-cor_ ......." "
ties of refrigerants, test the chemical and ther- frigeration industry. The progr_/_'_r_ .',r ,,,":,.d....e._:_es
mal stability of refrigerant-lubricant mixtures critical research to accelerate th6 i_t=-_.,_:_;_c;:ooof
with metals, and measure the miscibility of re- substitutes for chlorofluorocarbo_ {CFC} ,,'_5ig-
frigerants and lubricants. Three additional pro- erants. The program comprises projects to
jects will provide information on the com- measure thermophysical properties, test the
patibility of refrigerants and lubricants with mo- chemical and thermal stability of refrigerant-Iu-
tor materials, elastomers, and engineering plas- bricant mixtures with metals, and measure the
tics. The seventh project facilitates dissemina- miscibility of lubricants with refrigerants. One
tion of data through development and adminis- project is modelling the performance and key
tration of a refrigerant database. The second

--



Refrigerant Database Page85

operating parameters of alternativesfor R-22. proposed by ASHRAE Technical Committees,
Three projects will provide informationon the Task Groups, and other committees;they were
compatibilityof refrigerantsand lubricantswith prioritizedby ASHRAE's Researchand Techni-
motor materials, elastomers, and engineering cal Committee. The highest priority group
plastics. An eighth project collects and facill- (three stars) includes researchof thermophysi-
tates disseminationof data through develop- cal propertiesof R-123, R-125, R-134a, and R-
ment and administration of a refrigerant 141b, as well as measurementof two-phase re-
database. The scopeof the program,objectives frigerantliquid-vapormass flow rates. The next
of the projects,and significantpreliminaryfind- classificationincludesreal-timedeterminationof
ingsare presented. [seeRDB2B02for update] the lubricantconcentrationdissolvedin alterna-

tive refrigerants,evaluation of leak detection
S. R. Szymurski,Materials Compatibility and Lu- methods for non-CFC refrigerants, and flow
bricants Research on CFC-Refrigerant Substi- regimemappingof R-134a/lubricantmixturesin
tutes, report DOE/CE/23810-1, Air-Conditioning smoothand internallyenhanced tubes, lt also
and RefrigerationTechnology Institute (ARTI),Ar- includes experimental determination of heat
lington,VA, January 1992 (6 pages, availablefrom transfer with R-134a and R-22 refrigerantsin
JMC as RDB2414) water-cooled condensers and direct-expansion

This interimreport summarizesthe progressof watercoolers usingbrazed plate heat exchang-
the Materials Compatibilityand Lubricant Re- ers. The one-star priority group includes re-
search(MCLR)Program. lt is jointlyfunded un- search of alternativesto replace R-22 and R-
der a grantfrom the Departmentof Energyand 502, developmentof a uniformequationof state
cost sharing by the air-conditioningand re- for alternativerefrigerants,and determinationof
frigeration industry. The program addresses propertiesand heat transfereffectsfor mixtures
refrigerant and lubricant properties, materials of alternativerefrigerantsand lubricants. Re-
compatibility, and lubricants for alternative search of ammonia (R-717) dispersion in theatmospherealso is included. This plan summa-
refrigerants. The program comprises projects
to measurethermophysicalproperties,test the rizes anticipated funding and procedures for
chemical and thermal stabilityof refrigerant-iu- implementingthe researchidentified; it replaces
bricant mixtures with metals, and measurethe the versionspublishedfor preceding years [see
miscibilityof lubricantswith refrigerants. Three RDB1152].
projects will provide informationon the com-
patibilityof refrigerantsand lubricantswith mo- 1991-1992 Research Plan, American Society of
tor materials,elastomers,and engineeringplas- Heating, Refrigerating,and Air-ConditioningEngi-
tics. A seventhprojectwill collect and facilitate neers (ASHRAE), Atlanta, Gh, 1 December 1990
disseminationof data throughdevelopmentand (32 pages,RDB1152)
administrationof a refrigerantdatabase. The
scope of the program, objectives of the seven
initialprojects,and highlightsof the firstquarter
are presented. The primary effort focused on DOE
solicitation, evaluation,and negotiationof pro-
posalsfor the cited projects. A grant proposal Refrigeration Systems Program Summary, report
for the second phasewas completed and sub- DOE/CH10093-120, U.S. Department of Energy
mitred to the DOE. [see RDB2809 and RDB- (DOE), Washington, DC, December 1991 (24
2BO2for update] pages, available from NTiS as GPO #573-

122/40020 at pricecode AO3,RDB2263)
This document summarizesresults,currentac-
tivities,andobjectivesof the U.S. Departmentof

ASHRAE Energy (DOE) for research of refrigerators,air
conditioners,heat pumps, chillers, and super-

1992-1993 Research Plan, American Society of market systems. Key activitiesinclude investi-
Heating, Refrigerating,and Air-ConditioningEngi- gation of alternative refrigerantsand refrigera-
neers (ASHRAE), Atlanta, GA, 1 January 1992 (25 tion cycles, developing advanced technologies
pages, RDB2426) for future air-conditioning and refrigeration

This list of prospective research subjects identi- equipment designs, and developing advanced
ties 182 high-priority projects, grouped into insulation for appliances. The program struc-
eight project classifications based on approved ture and opportunities for collaboration with in-
funding guidelines. Projects relating to refriger- dustry are outlined.
ants fall in several of these categories, including
the highest priority topic, Environmentally.Safe
Materials (CFC, etc.). The research areas were

,I please see pages 4-6 for ordering information I
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EPA size the content, materialsaddressed, and key
conclusionsare providedfor approximatelyhalf

W. R. Rhodes (U.S. Environmentat Protection of these documents. The database identifies
Agency, EPA), Stratospheric Ozone Protection: sourcesof specific informationon R-32, R-123,
An EPA Engineering Perspective, Journal of the R-124,R-125, R-134,R-134a,R-141b, R-142b,R-
Air and Waste Management Association, volume 143a, R-152a, R-245ca, R-290 (propane), R-600
41, number 12, pages 1579-1584, December 1991 (butane), R-717 (ammonia), ethers, and others
(6 pages with2 tables,availablefrom JMC as RDB- as well as azeotropic and zeotropic blends of
2707) these fluids, lt addressesmineral oil, alkylben-

zene, polyalkylene glycol (PAG), ester, and
other lubricants, lt also referencesdocuments
addressing compatibility of refrigerants and
lubricants with metals, plastics, elastomers,

PAFT motor insulation,and other materials used in
refrigerantcircuits. The database is availablein

Program for Alternative Fluorocarbon Toxicity a computerized version, to facilitate searches
Testing, programdescription,PAFT,Bristol,United for specific information,and as a listingin report
Kingdom, May 1990(4 pages, RDB1151) form. Orderinginstructionsfor both versionsof

the database, as well as for documents and
softwarecited init, are included.

J. M Calm (EngineeringConsultant),Refrigerant

MISCELLANEOUS DOCUMENTS Database, Proceedings of the International CFCand Halon Alternatives Conference (Washington,
DC), Alliance for ResponsibleCFC Policy, Arling-
ton, VA, pages 55-72, September 1992 (8 pages

T. Atwood (Allied-SignalIncorporated), The Need with 4 figures,availablefromJMC as RDB2907)
for Standardized Nomenclature for Refrigerants,
ASHRAEJournal, AmericanSociety of Heating,Re- This paper reviewsthe historyof the Refrigerant
frigerating, and Air-ConditioningEngineers (ASH- Database, including initial efforts by the Air-
RAE), Atlanta, GA, volume 31, number 11, pages Conditioning and Refrigeration Institute (ARI)
44-47, November 1989 (3 pageswith 1 table, RDB- and National Instituteof Standardsand Tech-

nology (NIST). Thedatabase currently is spon-
0545) sored by the Air-Conditioningand Refrigeration
V. D. Baxter,Report of Foreign Travel: 9-11 May Technology Institute(ARTI),as part of the Mate-
1990 [Application of Zeotropic Mixture Refrigerants rials Compatibility and Lubricant Research
in Refrigerators and Use of the Lee-Kesler-PIScker (MCLR) Program, under a grant from the U.S.
Equation of State], ORNL/FTR-3611, Oak Ridge Department of Energy (DOE). The paper out-
National Laboratory, Oak Ridge, TN, 14 May 1990 lines the contents and focus of the database,and describes the search and retrieval functions
(20 pages, RDB1153) available in a computerized version. Sample

This informal report summarizes the final work- searches are illustrated along with the results
ing meeting of the International Energy Agency obtained. Options to spec_ search terms are
(IEA) research project on State and Transport summarized; they include topical prompts,
Properties of High-Temperature Working Fluids combinations of search criteria (using Boolean
and Nonazeotropic Mixtures (Annex Xlll). lt also logical operators), and chained searches to re-
addresses research at the Universit&t Hannover, fine or broaden earlier searches. The proce-
funded by the U.S. Environmental Protection dures to obtain the database and documents
Agency, on application of refrigerant blends in cited by it are indicated.
refrigerators and separate work to use the Lee-
Kesler-PIScker_:luation of state to predict re- J.M. Calm (Engineering Consultant}, Refrigerant
frigerant properties. Database, report DOE/CE/23810-3G, Air-Condi-

tioning and Refrigeration Technology Institute
J. M. Calm (Engineering Consultant), Refrigerant (ARTI), Arlington, VA, 8 August 1992 (74 pages,
Database, report DOE/CE/23810-4E, Air-Condi- available from JMC as RDB2810)
tioning and Refrigeration Technology Insti;ute
(ARTI), Arlington, VA, November 1992 (94 pages, This document provides bibliographic citations
available from JMC as RDB2B04) for 425 publications that may be useful in re-

search and design of air-conditioning and re-
This document provides bibliographic citations frigeration equipment. Abstracts that empha-
for 530 publications that may be useful in re- size the content, materials addressed, and key
search and design of air-conditioning and re- conclusions are provided for approximately half
frigeration equipment. Abstracts that emphao
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of these documents. [Please see RDB2B04 for This report is a survey of innovations old and
update and a more complete abstract.] new that could provide the goods and services

currently dependent on ozone-destroying
J. M. Calm (Engineering Consultant), Refrigerant chemicals, lt is represented as an attempt to
Database, report DOE/CE/23810-2G, Air-Condi- show the range of technologies that could be
tioning and Refrigeration Technology Institute used as replacements without adverse impact
(ARTI), Adington, VA, 30 April 1992 (56 pages, on the ozone layer. The survey notes that the
RDB2434) HCFC and HFC alternatives have not been

This document provides bibliographic citations proven to be harmless to the ozone layer, but
are greenhouse gases and haveserious toxicity

for 336 publications that may be useful in re- problems.
search and design of air-conditioning and re-

frigeration equipment. Abstracts, emphasizing K. Ushimaru (Energy International, Incorporated)the content, materials addressed, and key con-
clusions, are provided for approximately half of Impact of CFC Curtailment on Refrigeration and
these documents. [Please see RDB2810 for Mitigation Research in Japan, CFCs: Today'sOptions-Tomorrow's Solutions (proceedings of
update and a more complete abstract.] ASHRAE's 1989 CFC Technology Conference,

J. M. Calm (Engineering Consultant), Refrigerant Gaithersburg, MD, 27-28 September 1989), Ameri-
Database, report DOE/CE/23810-1G, Air-Condi- can Society of Heating, Refrigerating, and Air-Con-
tioning and Refrigeration Technology Institute ditioning Engineers (ASHRAE), Atlanta, GA, pages107-117, 1990; republished in International Joumal
(ARTI),Arlington, VA, 28 February 1992 (42 pages, of Refrigeration, Paris, France, volume 13, number
RDB2415) 3, pages 131-141, March 1990 (10 pages with 10

This document provides bibliographic citations figures and 2 tables, RDB1205)

for 244 publications that may be useful in re- This paper focuses on efforts in Japan to de-search and design of air-conditioning and re-
frigeration equipment. Abstracts, emphasizing velop technical options for reducing CFC emis-
the content, materials addressed, and key con- sions. Alternative refrigerants for R-12 (used inautomobile air-conditioners and residential re-
clusions, are provided for approximately a third frigerators) and R-113 (used extensively as a
of these documents. [Please see RDB2434for solvent and cleaning agent) are presented. CFC
update and a more completeabstract.] mitigation options are discussed for control

J. M. Calm (Air-Conditioning and Refrigeration In- technologies, work practices and economics,
stitute, ARI), Composition Designations for Re- chemical substitutes, and product substitutes.
frigerants, ASHRAE Journal, American Society of Japan's usage profileand historicalbackgroundon its environmental responsivenessare ad-Heating, Refrigerating,and Air-ConditioningEngi-
neers (ASHRAE),Atlanta, GA, volume 31, number dressed. The article notes that R-113 recovery
11, pages 48-51 November 1989 (3 pages, avail- and recyclingequipmentare already marketed' in Japan and that the demand for this equip-
able from JMC as RDB0546) ment is projected to grow to $15 billion by 1998.

This paper provides recommendations for con- Additionally, leading Japanese chemical pro-
sistent use of prefixes for refrigerant designa- ducers are moving forward with plans for the
tions. The need for uniform nomenclature and a production of R-134aas a substitute for R-12.
survey, performed for the Technology Council
and the Research and Technical Committee JICOP Guide, Japan Industrial Conference for
(R&T) of the American Society of Heating, Re- Ozone Layer Protection, Tokyo, Japan, January
frigerating, and Air-Conditioning Engineers 1991 (8 pages, available from JMC as RDB1204)
(ASHRAE), are summarized. The requirement JICOP was formed in 1988 as the Promotion
surfaced with increasing regulatory and legisla- Conference for Rational Use of Specified CFCs
tive actions to limit production, use, and emis-
sion of refdgerants of environmental concern. A and renamed in June 1990. lt is an organization
variety of composition-designating identifiers of industrial producers and consumers ad-dl'essing ozone-layer protection in Japan. Itswere introduced to distinguish between refriger-
ants, but nonuniform usage resulted in confu- main activities include publicity, information
sion rather than clarification. [The recommen- sharing, surveys of actions by other countries,
dations of this paper were incorporated into preparation of guides, and training. This leaflet
ASHRAEStandard 34-1992, see RDB2909] introduces the organization and lists the 55 cur-rent members. Included are the Japan Associa-

E. Johnson and J. Noble, A Survey of Alternatives tion of Refrigeration, Japan Association of Re-
to Ozone-Destroying Technologies, Greenpeace frigeration and Air-Conditioning Contractors,
International, Washington, DC, June 1990 (35 Japan Flon Gas Association,and Japan Refrig-
pages, RDB1154)

ple. se see pages 4-6 for ordering information
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eration and Air-Conditioning Industry Associa-
tion.

Manual for Reductions in the Use of Ozone De-
pleting Substances, Japan Industrial Conference
for Ozone LayerProtection,Tokyo, Japan, second
edition, February 1992 (140 pages, availablefrom
JMC as RDB2705)

This manualoutlinestechnologiesfor reduction
and substitutionof chlorofluorocarbons(CFCs)
and other ozone-depletingsubstances(ODSs).
lt is intendedto assistODS usersto developthe
most effective measures for each application.
Section111.4addressesleak preventionand use
reduction for refrigerantsas well as research
and developmentof substituterefrigerantsand
technologiesto use them. lt brieflysummarizes
reduction measures for centrifugal chillers,
automobile air conditioners,commercial refrig-
eration,transportrefrigeration,and refrigerators.
Other sectionsof thisdocument review regula-
tory measures for refrigerants, toxicity and
safety evaluationof alternatives,and the physi-
cal propertiesof ODSsand theiralternatives.
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The Refrigerant Database is supported in part by U.S. Department of Energy
grant number DE-FG02-91CE23810, Materials Compatibility and Lubricant
Research (MCLR) on CFC-Refrigerant Substitutes. Federal funding for
Phase I of the MCLR program constitutes 93.94% of allowable costs, up to
$2,016,000. Funding from the air-conditioning and refrigeration industry for
Phase I of the MCLR Program consists of direct cost sharing of 6.06% of
allowable costs, up to $130,000, and in-kind contributions with an estimated
value of $1,485,000. Funding for the Refrigerant Database constitutes less
than 2% of the total and is supplemented by in-kind cost sharing by James
M. Calm. Support of the MCLR Program by the U.S. Department of Energy
and the air-conditioning and refrigeration industry does not constitute an
endorsement of the view_ expressed herein.
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