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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-245¢ca, R-290 (propane), R-717 (ammonia), ethers,
and others as well as azeotropic and zeotropic blends of these fluids. It addresses lubricants
including alkylbenzene, polyalkylene glycol, ester, and other synthetics as well as mineral oils.
It 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 documents. 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 aiternative 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, properties, 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 in 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 February 1993 release of the database are flagged by a bar in the
margin, as shown to the left. Users looking for new references, as well as added or substan-
tively updated abstracts, will need to review only the citations so indicated.

Some superseded and older citations and abstracts have been removed from this document.
They remain accessible through the computerized version, discussed below. A periodic report,
containing the removed citations and abstracts for the historic documents, may be prepared if
users indicate a need for it.

Computerized Version

A companion version of this listing, in computerized form, also is available. This version
includes the same citations and abstracts as the manual version; it also includes citations and
abstracts for superseded and oider documents. The automated version includes retrieval soft-
ware 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, lubri-
cants, materials, 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 retrieve desired references. Prior searches, within a session, may be recalled, nar-
rowed, broadened, 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 computerized version also includes searchable tables of summary information for 90 refrig-
erants and refrigerant blends. The data include designations, molecular mass, critical proper-
ties (pressure, temperature, specific volume, and density), flammability, safety ciassification,
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Distribution of the Refrigerant Database

computerized manual documents

(diskette) (report) (copies)
bibliographic citations and
detailed abstracts
* current yes yes a
* additions and changes flagged no yes no
* historical and superseded yes no a,
refrigerant summaries yes no a
search and retrieval software yes b no no
distributed on cost-recovery basis
* subscription (quarterly updates) yes yes no
* as ordered no yes yesC

& Selected citations, abstracts, and refrigerant summaries may be printed with the
computerized version.

b Use of the search and retrieval software is subject to acceptance of the license
agreement for it; both accompany the computerized version.

C Distribution is limited to documents in the public domain or for which authorization has
been obtained. Others may be ordered from their publishers, which are identified in the
bibliographic citations.

ozone depletion potential, global warming potential, and common uses. Information on addi-
tional refrigerants will be added in future updates.

The prices and ordering instructions for the computerized version of the database are indicated
on page 7.

Additions

Updates are pianned 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,
o copies of helpful papers — whether your own or written by others — for citation, and

» suggestions for improving the database.
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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
10887 Woodleaf 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 the information needed to do so.
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Gbtaining Documents

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
American Society of Heating, Refrigerating,

call 1-404 /636-8400 or fax
1-404/321-5478 to request

and Air-Conditioning Engineers
1791 Tullie Circle NE
Atlanta, GA 30329 USA

publications catalog which
provides prices

EPRI EPRI Distribution Center order catalog MD-7201 or
207 Cogqgins Drive rall 1-510/934-4212 for
Post Office Box 23205 current prices
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 Sugerintendent of Documents call 1-202/783-3238 for cur-
U.S. Government Printing Office rent prices
Washington, DC 20402 USA

IR/ IF 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
Niﬁpon Reito Kyokai 81-3/3359-5233 for current
4th Floor, San-ei Building, 8 San-ei-cho prices
Shinjuku-ku, Tokyo 160 Japan

JMC James M. Caim prices and address on next
Engineering Consultant 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
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© PLEASE REPRODUCE THIS FORM FOR USE WHEN NEEDED »» »
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REFRIGERANT DATABASE ORDER FORM (please reproduce as needed)

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

x

the first 30 for database documents $3.00 side side

DEPOSIT ACCOUNT (for future orders)
PREPAID TOTAL uss

a Price differences by country reflect postal costs and preparation of customs form(s).

b Subscription rates outside the United States also include a $25 license fee for the retrieval software
accompanying the database.

¢ Please include document numbers, which begin with RDB; a document list may be printed with the
computerized version to simplify ordering.

d Charges are based on the page counts indicated in the database.

REFRIGERANT DATABASE «

computerized version: &b x $100 $150  $165
circle preferred diskette size: 3%"HD or 5%4"HD

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

DATABASE DOCUMENTS (attach list) ¢ o

per document (handling, packing)  documents: x $2.00 $2.00 $2.00

+ per page (copying, added postage) &9 pages: x $0.10 $0.20 $0.30
+ per order (processing, base postage) @ 1x $400 $8.00 $8.00

SALES TAXES subtotal:

(orders for delivery in Virginia only) x 4%%:

OPTIONAL EXPRESS DELIVERY 1 x $2000 see see
+$3.00.for each 1-60 pages ¢ after reverse reverse

(only your name and company are required for current database
MA"-/ SHIP TO subscribers unless the other information has changed):

name

title
department
company
address

city, state
postal code country
phone fax

Please mail completed form, list for document orders, and payment James M. Calm
(checks drawn on U.S. banks only) to: Engineering Consuitant
10887 Woodieaf Lane
All orders are subject to the terms on the reverse side. Great Falls, VA 22066-3003 USA

May 1993
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Explanations

Database Subscriptions: Subscribers to the Re-
frigerant Database will receive an initial release and
quarterly updates through January 1994 - a total of
four distributions for new subscriptions beginning
prior to 15 July 1993.

Computerized Version: The computerized version
is distributed on diskette, with an accompanying
Users' Manual, for use on IBM PC-compatible sys-
tems. Retrieval software Is supplied with the
database and Is subject to an accompanying li-
cense agreement. The computerized version In-
cludes summaries of identifiers, critical parameters,
safety classifications, environmental indices, and
uses for approximately 100 fluids.

Database Listing: The database also is available in
a noncomputerized (manual) version, in report
form; the refrigerant summaries and automated
search capability are not included.

Database Documents: Both versions identify
sources to obtain documents cited in the database
— currently more than 600 and projected to exceed
1100 in the subscription period. Approximately a
third are distributed through the database and may
be ordered at the rates shown on the reverse side.

Shipping: Normal delivery is by first class or prior-
ity mail in the USA or by air mail outside the USA.
Most orders are mailed within two business days;
all are sent within one week. Express delivery (by
UPS Next Day Air, Federal Express Priority, or Ex-
press Mail depending on the destination) is avail-
able either for documents or the initial version of the
database. Express orders are shipped on the day
received if possible. Delivery is before 10:30 am on
the next business day in most metropolitan loca-
tions in the USA; please specify Saturday delivery
(normally by 12:30 pm) and add $12 if desired. Ex-
press delivery to other countries normaily takes 1-4
days depending on the destination and time for
customs clearance; please inquire for international
express shipping costs in advance.

Deposit Accounts: Several companies have es-
tablished accounts to facilitate and expedite docu-
ment ordering by authorized staff. Accounts may
be initiated by payment of not less than $200.
Users may then simply fax or mail document re-
quests to be filled. Each shipment will include an
updated statement of transactions and the account
balance. Accounts may be closed and the balance
refunded upon request.

Terms and Conditions

Prices: The prices shown are valid through July
1993 and include postage (by air mail with customs
form outside the USA).

Business Identification: The Refrigerant Database
has been developed and is administered by James

Refrigerant Database

M. Calm, Engineering Consultant, hereinafter re-
ferred to as JMC. JMC is a sole proprietorship; So-
cial Security Number 043406443 is used for tax
identification purposes. JMC qualifies as a small
business under federal classifications. JMC does
not qualify as either a Socially and Economically
Disadvantaged Business Enterprise or a Women's
Business Enterprise; JMC is not located in an Eligi-
ble Labor Surplus Area.

Compliance with Federal and State Regulations:
Requirements for compliance with applicable fed-
eral and state laws as weil as affirmative action,
work place, and other programs are governed by
the contract between JMC and the Air-Conditiohing
and Refrigeration Technology Institute (ARTI) for
Development and Administration of the Refrigerant
Database (Contract 650-50000), awarded pursuant
to U.S. Department of Energy (DOE) Grant number
DE-FG02-91CE23810. The agreement specifically
stipulates compliance with Executive Order 11246
on Equal Employment Opportunity, the Clean Air
Act of 1970, and the Federal Water Pollution Act. It
includes provisions addressing National Security
Information, accounting procedures, intellectual
property, and eligibility. JMC voluntarily complies
with the Environmental Protection Clause contained
in 41 CFR §1-1.2303.2, Employment of the Handi-
capped Clause in 41 CFR §60-741, and Equal Op-
portunity Clause in 41 CFR §60-1.4.

Governing Law: Licenses to use the Refrigerant
Database and related document purchases shall be
governed by laws of the Commonwealth of Virginia.

Purpose and Disclaimer: The Refrigerant Data-
base was established to facilitate access tn infor-
mation to accelerate use of alternative remgerants,
to enable phase out of chemicals of environmental
concern. The information contained in the data-
base Is not complete and has not been verified. Its
sultabllity for specific uses has not been estab-
lished, and no representation is made to support
reliance on it. Users must determine the appropri-
ateness and adequacy of the data.

Warranty: No warranties of accuracy, comprehen-
siveness, merchantability, or fitness for any specific
purpose are implied. No liability for special, inci-
dental, consequential, indirect, or similar damages;
indemnification; or obligation to defend users
against claims of any kind is assumed by JMC
based on distribution or use of the database or doc-
uments. The sole warranty offered Is for provision
of database releases and document copies prop-
erly ordered, or refund of amounts paid therefor.

Other Terms and Conditions: No terms and con-
ditions (including but not limited to those address-
ing warranties, indemnification, insurance, inspec-
tion, records, confidentiality, or social or affirmative-
action programs) stipulated in purchase orders for
the database, or documents from it, will apply.
Subscriber identities and addresses may be dis-
closed to ARTI.

May 1993



Refrigerant Database

N

I REFRIGERANT DATABASE - CITATIONS AND ABSTRACTS

MATERIALS COMPATIBILITY

T. Atwood (AlliedSignal Incorporated), E. M. Clark
(E. 1. DuPont de Nemours and Company), R. C.
Downing (Consultant), and M. O. MclLinden (Na-
tional Institute of Standards and Technology,
NIST), Refrigerants, ASHRAE Handbook — Funda-
mentals (published in separate editions with inch-
pound and S| metric units), American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, chapter 16, pages
16.1-16.10, 1989 (10 pages, RDB0036)

This chapter summarizes information on com-
mon refrigerants, including designations, physi-
cal and electrical properties, performance,
safety data, leak detection methods, and effects
on construction materials. The refrigerants ad-
dressed include R-10, R-11, R-12, R-13, R-13B1,
R-14, R-20, R-21, R-22, R-23, R-30, R-31, R-32,
R-40, R-41, R-50, R-110, R-111, R-112, R-112a,
R-113, R-113a, R-114, R-114a, R-114B2, R-115,
R-116, R-120, R-123, R-124, R-124a, R-125, R-
133a, R-134a, R-140a, R-142b, R-143a, R-150a,
R-152a, R-160, R-170, R-218, R-290, R-C316, R-
C317, R-C318, R-500, R-501, R-502, R-503, R-
504, R-505, R-506, R-600, R-600a, R-610, R-611,
R-630, R-631, R-702, R-704, R-717, R-718, P-
720, R-728, R-729, R-732, R-740, R-744, R-744A,
R-764, R-1112a, R-1113, R-1114, R-1120, R-
1130, R-1132a, R-1140, R-1141, R-1150, and R-
1270. Molecular mass, normal (atmospheric)
boiling poirt, freezing point, critical properties,
surface tension, and refractive index are tabu-
lated for most of these fluids. Dielectric con-
stants, volume resistivity, velocity of sound, la-
tent heat of vaporization, safety classifications,
and explosive limits are presented for the more
common fluids. Swell data are tabulated for R-
11, R-12, R-13, R-13B1, R-21, R-22, R-30, R-40,
R-113, R-114, R-502, and R-600 for eight elas-
tomers. They include nitrile butyl rubber (Bu-
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na(T™™) N), butadiene styrene (Buna(T™M) S, GR-
S), Butyl(™) (GR-1), natural rubber, neoprene
GN, polysulfide rubber (Thiokol(R) FA), fluoroe-
lastomer (DuPont Viton(R) B), and silicone. Dif-
fusion data are tabulated for water, R-12, and R-
22 through neoprene, Buna N, synthetic rubber
(DuPont Hypalon(R) 40), Butyi, Viton, polyethy-
lene, and naturat rubber. Mass density, specific
heat, and viscosity are plotted for water/lithium
bromide solutions (for absorption cycles) as
fu:jctlons of the mass fraction of lithium bro-
mide.

R. C. Cavestri ”magination Resources, Incorpo-
rated), Compatibility of Refrigerants and Lubri-
cants with Plastics, report DOE/CE/23810-8E,
Air-Conditioning and Refrigeration Technology In-
stitute (ARTI), Adington, VA, January 1993 (76
pages with 1 figure and 58 tables, available from
JMC as RDB3203; type on page A-2 is small and
may be difficuit to read)

This interim report summarizes progress to pro-
vide compatibility information on engineering
plastics with alternative refrigerants and suitable
lubricants. A narrative summary outlines the
work methods used, including modifications to
standard or planned test procadures, and notes
significant findings. A table provides the manu-
facturer specifications and actual conditions for
molding 23 plastic materials. They include ac-
etal (DuPont Delrin(R) Il 11500), acrylonitrile-
butadiene-styrene terpolymer (ABS, GE Cyco-
lac(R) GPM4700), liquid crystal polymer (LCP,
Amoco Xydar(R) MG450), phenolic (Hooker
Durez(R)  153), poly{aryletheretherketone)
(PEEK, ICI Victrex(TM) PEEK 450G), polyamidu
nylon 6/6 (DuPont Zytel(® 101), polyamide-
imide (Amoco Torlon(R) 4203L and 4301), poly-
aryletherketone (PAEK, BASF Ultrapek(R)), poly-
arylsuifone (Amoco Radel(R) A-200), polybuty-
lene terephthalate (PBT, GE Valox(R) 325PBT),
polycarbonate (GE Lexan(®) 161), polyetherim-

please see pages 5-8 for ordeiing information
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ide (GE Uitem(R) 1000), modified polyetherimide
(GE Utem(R) CRS5001), polyethylene tereph-
thalate (PET, DuPont Rynite(R) 530, polyimide
thermoset (DuPont Vespel(® DF and DF-ISO),
modified polyphenylene oxide (PPE, GE No-
myi(R) 731), polyphenylene sulfide (PPS, GE Su-
pec(TM) G401), polyphthalamide (Amoco Amo-
del(R) AD-1000 HS), polypropylene (Himont Pro-
fax(T™M) 6331 NW), polytetrafluoroethylene
(PTFE, DuPont Teflon(R)), and polyvinylidene
fluoride (Atochem Kynar(R) 720). Seven tables
summarize the changes for immersions in lubri-
cants, including mineral oil (BVA R015), alkyl-
benzene (Shrieve Zerol(R) 150), polypropylene
glycol butyl monoether (ICI Emkarox(R) VG32),
polypropylene glycol diol (Dow P-425), and a
modified polygiycol (AlliedSignal BRL-150),
penta erythritol ester mixed acid (ICl
Emkarate(™) RL 22H, formerly RL 244), and
penta erythritol ester branched acid (Henkel
Emery(R) 2927-A). Seven tables summarize
changes in the plastics following immersions in
the lubricants, each at 60 and 100 °C (140 and
212 °F). Observations of particulates, cracking,
crazing, softening, and color change are pre-
sented. Quantitative data are provided for di-
mensional (length, width, and thickness) and
weight changes. Ten tables summarize corre-
spending changes following exposures to R-22,
R-32, R-123, R-124, R-125 R-134, R-134a, R-
142b, R-143a, and R-152a. The refrigerant im-
mersions were at room temperature and 60 °C
(140 °F) for 14 days. Three tables summarize
the creep modulus of the plastics at 10-300
hours for immersions in R-22, R-134a, and R-
152a with branched acid polyol ester. 36 tables
summarize physical changes and tensile-prop-
erty changes following exposures to refrigerant-
lubricant mixtures. All of the plastics were af-
fected by the lubricants; mineral oil and aikyl-
benzene caused the greatest effects. The re-
frigerants generally resulted in softening or
weight change; hydrofluorocarbons (HFCs) had
the least impact. The report documents several
combinations that failed at ambient conditions
or are likely to fail at elevated temperatures.

R. G. Doerr and S. Kujak (The Trane Company),
Compatibility of Refrigerants and Lubricants
with Motor Materials, report DOE/CE/23810-48B,
Air-Conditioning and Refrigeration Technology In-
stitute (ARTI), Adington, VA, October 1992 (36
page;.s with 43 tables, available from JMC as RDB-
2B01

This interim report summarizes progress to pro-
vide compatibility information for motor materi-
als (for hermetic compressors) In refrigerants
and refrigerant-lubricant combinations. Tabular
findings are reported for exposures to R-22, R-
123, R-124, R-134, R-134a, R-142b, and R-152a
at 90 °C (194 °F); to R-32, R-125, and R-143a at
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60 °C (140 °F); and to nitrogen (R-728) at both
temperatures, as a reference. Tests of dielectric
strength, burnout resistance, and bond strength
have not been completed yet for R-134; future
tests are planned for R-245ca. Data are pro-
vided both after S00 hour exposures and after a
subsequent air bake for 24 hours at 150 °C (302
°F), to remove absorbed refrigerant. Bond
strength, burnout resistance, and dielectric
strength are compared to the unexposed values
for three magnet wires, both uncoated and pre-
pared with six vamnishes. The wire specimens
included an ester base with amide-imide over-
coat (Phelps Dodge Armored Poly-Thermaleze
2000), Dacron(R)/glass served wire (Pheips
Dodge Armored Poly-Thermaleze Daglass
2000), and ester-imide overcoated with amide-
imide (Phelps Dodge / Schenectady Chemical).
The varnishes tested include two solvent epox-
ies (Sterling(R! U-475 EH ard P. D. George 923),
a solvent epoxy phenolic (Sterling(R) Y-390 PG),
93% solids epoxy (Stering(R ER-610), and
100% solids VP! epoxy (Stering(R) Y-833), and
water-borne epoxy (Schenectady |sopoxy(®)
800). Weight change also is reported for ex-
posed disks of the six varnishes. Weight, tensile
strength, elongation, and dielectric strength are
compared to unexposed values for six sheet
insulations (Westinghouse Nomex-Mylar-No-
mex(R), Westinghouse Dacron-Mylar-Dacron(R),
DuPont Mylar(R) MO, DuPont Nomex(R) 410,
DuPont Nomex(R) Mica 418, and ICl Melinex(®)
228). Weight change is tabulated for insulations
Sales Nomex(R), Mylar(R), and Nomex-Mylar(R)
spiral-wrapped sleeving insulation. Changes in
weight and dielectric strength are presented for
A. O. Smith Dacron-Mylar-Dacron(R) and Da-
cron-Teflon-Dacron(R) lead wire insulations.
Weight and breaking load changes are supplied
for woven glass tape (Carolina Narrow), heat
shrinkable braided polyester tape (Electrolock),
glass-acrylic tape (Essex Permacel P247), and
polyester tie cord (Ludlow Textiles). A final table
compares gas chromatographic analyses of the
refrigerants before and after 500 hr exposures.
The report concludes that R-123 exhibited
higher absorption and extraction than the other
refrigerants tested. The most severe effect of
refrigerants on motor materials was caused by
high absorption followed by rapid desorption at
higher temperatures. R-22 caused the most
damage in this case; based on the excellent re-
liability history of this refrigerant with many of
the materials tested, compk.tibility with the other
refrigerants is highly probable. Final judge-
ments should be postponed until studies are
completed for the refrigerant-iubricant mixtures.

H. L. Emmons, Latest Technology for Hermetic
Motor Insulation Testing — Part 2, Magnet Wire
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Overload, /nsulation, pages 57-61, September
1967 (RDB2510)

G. R. Hamed and R. H. Seiple (University of Akron),
Compatibility of Refrigerants and Lubricants
with Elastomers, report DOE/CE/23810-8D, Alr-
Conditioning and Refrigeration Technology Institute
(ARTI), Arington, VA, January 1993 (310 pages with
32 figures and 100 tables, available from JMC as
RDB3202)

This interim report summarizes swell measure-
ments for 95 elastomeric gasket and seal mate-
rials in refrigerants and lubricants. Swell be-
havior was determined using weight and in-situ
diameter measurements for the refrigerants and
diameter and thickness measurements for the
lubricants. The refrigerants include both hy-
drochlorofiuorocarbons (HCFCs R-22, R-123, R-
124, and R-142b) and hydrofluorocarbons
(HFCs R-32, R-125, R-134, R-134a, R-143a, and
R-152a). The lubricants include a mineral oil
(Witco Suniso(R) 3GS), alkylbenzene (Shrieve
Zerol(R) 150), and three polyalkylene glycols
(PAGs), namely a polypropylene glycol butyl
monoether (IC! Emkarox(R)), a polypropylene
glycol diol (Dow P425), and a modified polygly-
col (AlliedSignal BRL-150). Two polyol ester
(POE) lubricants also are included, namely a
penta erythritol ester branched acid (Henkel
Emery(R) 2927-A) and a penta erythritol ester
mixed acid (IC! Emkarate(TM) RL 22H, formerly
RL 244). An appendix identifies the elastomer
formulations, which include polyisoprene
(Natsyn 2200), polychioroprene (Neoprene W),
isobutyl isoprene (Polysar Butyl), bromobutyl
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69, and Klinger C-4401), nitrile-aramid (Specialty
Paperboard 2099), fluorocarbon (Parker V747-
75), and neoprene (Green Tweed 956). The
physical properties of the samples were tabu-
lated prior to exposures. 17 figures summarize
the diameter change for exposures in the indi-
vidual refrigerants and lubricants. 95 tables
present data on swell after immersions of 1, 3,
and 14 days, weight change after 14 days, di-
ameter and weight after removal, and shore
hardness after 1 day of drying. The test
methodology and apparatus also are described.
R-123 generally resulted in the greatest swelling,
but EPDM/PP/TPE, butyl rubber/PP TPE, and
several vendor-supplied compositions swelled
little in this refrigerant. R-134 and R-134a
caused much less swelling in general, with the
exception of with fluoroelastomers and fluo-
rosilicone elastomers. Some vendor composi-
tions are identified that resisted swelling in all
refrigerants and lubricants tested. The HFCs
generally gave much less swelling than the
HCFCs, though the fluoroelastomers and fluo-
rosilicones exhibit high swelling in them. Some
of the Industry-supplied samples resisted
swelling in all refrigerants. Several composi-
tions were identifled that resisted swelling in the
lubricants as well. 17 refrigerant-ubricant sys-
tems are identifled, and pressure calibration
curves are provided, for an ongoing second
phase of the project. 25 selected elastomers
will be tested in Phase Il. Completion is ex-
pected in April 1993, contingent on the availabil-
ity of R-32 for testing.

(Polysar X2), chlorobutyl 1068, styrene bu-
tadiene rubber (SBR 1502 and Stereon 730A
and 840A), nitrile (Chemigum N206, N300,
N615B, and N917), hydrogenated nitrile
(Polysar Tomac A3850 and A4555), fluo-
roelastomers (DuPont Viton(R) A, B, and GF),
KEL-F 3700, epichlorohydrin (Hydrin H-65, C-65,
and T-75), silicones (SE-33(VMQ), SE-436U, SE-
565U, SE-3808U, and LS-63U), thermoplastics
(Santoprene 201-87, 201-73, 203-40, and 203-
50, Geolast 701-87, 701-80, and 703-40, and
Hytrel EPDM 4056, 5526, G6356, and 7246), FA
and ST polysulfide rubber, polyurethanes
(Aithane PET-95A, PET-60D, Cyanaprene A-8,
D-55, Millathane 76, and E-34), chiorosulfonated
polyethylenes (Hypalon 20, 40, and 4085), EPM
(Vistalon 404 and 707), ethylene acrylics
(Vamac G and B-124), chlorinated polyethyl-
enes (Dow CM0136 and 4211P), and ethylene
propytene diene (EPDM rubbers (Royalene 552,
525, and 359). Another appendix identifies ten
gasket materials supplied by ART! including
filled chloroprene (Precision Rubber 2167),
acrylonitrile (Precision Rubber 7507), neoprene
(Garlock 2930), non-asbestos (Armstrong N-
8092, Specialty Paperboard NI-2085G, Victopac

G. R. Hamed and R. H. Seipie (University of Akron),
Compatibility of Refrigerants and Lubricants
with Elastomers, report DOE/CE/23810-3E, Air-
Conditioning and Refrigeration Technology Institute
(ARTI), Arington, VA, July 1992 (102 pages with 31
figur?s and 60 tables, available from JMC as RDB-
2805

This interim report summarizes swell measure-
ments for approximately half of the 94 elas-
tomers being tested in refrigerants and lubri-
cants. Swell behavior was determined using
weight and in situ diameter measurements for
the refrigerants and diameter and thickness
measurements for the lubricants. The refriger-
ants include both hydrochlorofluorocarbons
(HCFCs R-22, R-123, R-124, and R-142b) and
hydrofluorocarbons (HFCs R-32, R-125, R-134,
R-134a, R-143a, R-152a). The lubricants include
an unidentified mineral oil, alkylbenzene, three
polyalkylene giycols (PAGs: a polypropylene
glycol butyl monoether, a polypropylene glycol
diol, and a modified polyglycol), and both a
branched acid and a mixed acid penta erythritol
ester (PE). Appropriately cured elastomers, en-
compassing both general purpose and specialty

v please see pages 5-8 for ordering information
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rubbers, were tested. Gum and black-filled
compounds were tested, as were some ther-
moplastic elastomers (TPEs). Compositions
containing carbon black had reduced swelling
compared to their unfilled counterparts. Among
the HCFCs, R-123 generally resuited in the
highest swelling, although an EPDM/PP TPE,
butyl rubber/PP TPE, and a fiber-filled neoprene
were quite resistant to it. Some compositions
shrunk, suggesting that the swellant was re-
moving a component, probably plasticizer, from
the elastomer. All the HFCs resulted in sub-
stantially lower swelling than the HCFCs. R-
143a, the least acidic of the refrigerants tested,
gave the least swelling overall. A series of fig-
ures summarize the diameter changes. Swell
data also are tabulated, for exposures of 1, 3,
and 14 days; weight change is tabulated after 14
days. The elastomers tested include polyiso-
prene, neoprene, butyl, bromobutyl, SBR/sty-
rene, nitrile, hydrogenatec nitrile, fluoroelas-
tomer, fluoro/chloroelastomer, epichlorohydrin
(homopolymer, ethylene oxide copolymer, and
terpolymers), dimethyl silicone rubber, methyl-
phenylvinylsilozane rubber, silicone rubber,
fluorosilicone, EPOM/PP/TPE, nitrile/PP/TPR,
chlorosulfonated PE, ethylene/propylene copoi-
ymer (EPM), ethylene/acrylic elastomer, chiori-
nated PE, EPDM, butyl rubber, chioroprene, and
ACN compound. [see RDB2806 for supple-
mental data]

G. R. Hamed and R. H. Seiple (University of Akron),
Compatibility of Refrigerants and Lubricants
with Elastomers — Supplement, supplement to
report DOE/CE/23810-3E, Air-Conditioning and
Refrigeration Technology Institute (ARTI), Arlington,
VA, July 1992 (144 pages with 135 figures and 2 ta-
bles, available from JMC as RDB2806)

This supplement provides gas chromatograms
and results for the refrigerant specimens, FTIR
data (infrared absorbance) for the refrigerants
and lubricants, and thermogravimetric analyses
(TGA) and osclliating disk rheometer (ODR)
plots for the elastomers tested. See RDB2805
for further information.

J. P. Harrington and R. J. Ward, Polyester Film in-
sulation for Hermetic Motors, ASHRAE Journal,
American Society of Heating, Refrigerating, and Alr-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volur)ne 1, number 4, pages 75 ff, Aprii 1959 (RDB-
2302

S. Nishizaki and A. Muramoto, Evaluation of Her-
metic Motor Insulation Systems, Proceedings of
the Ninth Electrical Insulation Conference, Boston,
MA, pages 250-253, 1969 (RDB2918)

H. M. Parmelee (E. |. DuPont de Nemours and
Company), Sealed-Tube Stability Tests on Re-
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frigeration Materials, paper 1924, Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 71, part 1, pages 154-161 and 167-168,
January 1965 (10 pages with 29 tables, RDB0013)

This paper summarizes an investigation into the
stability of fluorocarbon refrigerants alone and in
the presence of oils, metals, nonmetallic com-
ponents of refrigeration systems, and residual
cleaning and degreasing agents. It is based on
sealed-tube stability tests, performed at elevated
temperatures, for periods as long as three
years. Results are reported for R-11, R-12, R-
13B1, R-22, R-113, R-114, R-115, R-124, R-216,
R-C318, R-500, and R-502. The testing included
examination of decomposition products, speci-
fically including the fraction converted into other
refrigerants. The metals tested included alu-
minum, brass, cadrnium, copper, iron, lead,
magnesium, mercury, steel, and zinc. The ef-
fects of selected additives and inhibitors, in-
cluding phenyl alpha naphthylamine, molybde-
num disulfide, and tricresyl phosphate (TCP),
also wera examined. The paper concludes that
the life of a system should be longer if made
chemically simpler, because every added mate-
rial provides a possibility of increased chemica!
reactions.

K. S. Sanvordenker (Tecumssh Products Com-
pany), Materials Compatibility Concerns for Re-
frigerator-Freezers — A Historic Perspective and
a Look to the Future, paper 3.2, Proceedings of
the International Seminar on New Technology of
Alternative Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Association of Refrigeration (JAR), Tokyo, Japan,
pages 39-44, February 1993 (8 pages with 2 tables,
preprint available from JMC as RDB3116)

The paper traces compatibility concerns for re-
frigerator-freezers, from historic use of R-764
(sulfur dioxide) and R40 (methyl chloride) to
present use of R-12. Sludge deposition with oiis
led to an oil-free, belt-driven model, using R-764,
as early as 1913. R-764 achieved 90% penetra-
tion around 1925, but was limited to open-drive
compressors. The driving force for hermetic
systems was the problem of leaks, particularly
with sulfur dioxide. Identification of an appro-
priate lubricant led to introduction of hermetic
compressors. The initial solution was a highly
refined mineral oil, referred to as white o/l. The
paper reviews introduction of R-40 in the 1930s,
in both open and hermetic compressors,
reaching a peak of 20% penetration. It avoided
subatmospheric operation, thereby eliminating
introduction of air and moisture. The required
compressor displacement was smaller, dis-
charge temperatures much lower, and compati-
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bilty with mineral oils higher; but, it was
flammable and toxic. Incompatibility with alu-
minum, particulaly in dry systems, led to
demise of R-40 use. R-12 came in as the suc-
cessor fluid in the late 1930s, though the paper
also cites earty use of R-21 and R-114. R-12 be-
came dominant because of its thermodynamic
properties, positive pressure operation, full mis-
cibility with mineral olls, and compatibility with
metals and other materials of construction.
Compatibility problems resuited later, in seeking
smaller compressors and associated increases
in discharge temperatures. The paper briefly
outlines the resolution of these problems. |t
then turns to recent environmental concerns
with chlorofluorocarbon refrigerants, and intro-
duction of R-134a. Compatibility issues are dis-
cussed, with emphasis on lubricant interactions.
Tables are included to summarize the effects of
temperature and metals (steel, copper, and alu-
minum) on decompasition for Loth polyalkylene
glycol (PAG) and polyol ester (POE' lubricants.
The role of metal passivation is outlined, partic-
ularly for POEs with steel. Chemical reactivity,
miscibility, solubility, lubricity, suitability with
motor materials, and contaminant issues are re-
viewed. The paper cites consideration of R-
152a, particularly in developing countries, and
future refrigerant candidates. Compatibility is
indicated as manageable with R-152a, partly
based on experience with R-500 of which it is a
component; flammability is cited as a concern.
The paper concludes by noting the role of the
Materials Compatibility and Lubricant Research
(MCLR) Program.

H. O. Spauschus (Spauschus Associates, Incorpo-
rated), Compatibility Requirements for CFC Al
ternatives, /nternational Journal of Refrigeration,
Paris, France, volume 13, number 3, March 1990,
pages 73-78 (6 pages, RDB1101)

This paper reviews the materials compatibility
and fluid property information required for de-
sign and successful commercial application of
air-conditioning and refrigeration equipment.
Information on aiternative refrigerants, including
the leading candidates, future prospects, and
long-term possibilities, are summarized. Meth-
ods of pradicting compatibility based on struc-
tural information and modeling are proposed.

W. O. Walker, S. Rosen, and S. L. Levy, Stability of
Mixtures of Refrigerants and Refrigerating Qils,
ASHRAE Journal, American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, volume 4, number 8, pages 59-
72, August 1961 (RDB2323)
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A. Factor and P. M. Miranda (General Electric
Company), An Investigation of the Mechanism o
the R12-Oil-Steel Reaction, Wear, Elsevier Se-
quoia, Lausanne, Switzerland, volume 150, pages
41-58, 1991 (18 pages with 3 figures and 12 tables,
RDB2309)

A study of chemical interactions between R-12,
hydrocarbon lubricating oils, and steel is sum-
marized. While R-12 is quite stable thermally, it
decomposes rapidly when heated above 150 °C
(300 °C) in the presence of oils and metals, such
as iron or aluminum. Sealed-tube tests were
performed for 3 days at 200 °C (392 °F), using a
naphthenic mineral oil (Witco Suniso(R} 3GS), to
simulate conditions in an operating hermetic
refrigeration compressor. The mechanism of
the degradation reaction was explored by test-
ing the effect of the presence of various probe
and model compounds. The paper reviews
prior studies, presents the experimental ap-
proach, and summarizes the subsequent analy-
ses. It identifies the additives, free radical ini-
tiators, and inhibitors used to explore reactions
and to passivate steel surfaces. The results of
gas chromatography and GPC analyses are
tabulated. The results indicate that except for
formation of some FeCL; and R-22, free radical
reactions do not appear to play a major role.
The preponderance of the data indicates that
Friedel-Crafts reactions, especiaily alkylation,
play a key role in the decomposition.

D. £ Kvalnes and H. M. Parmelee, Behavior of
Freon-12 and Freon-22 in Sealed Tube Tests,
Refrigerating Engineering, American Society of
Refrigerating Engineers (ASRE, now merged into
the American Society of Heating, Refrigerating, and
Air-Conditioning Engineers, ASHRAE), Atlanta, GA,
volume 65, number 11, pages 4 ff, November 1957,
republished as bulletin 25, E. I. DuPont de Nemours
and Company, Incorporated, Wilmington, DE
(RDB2322)

R-22

J. P. Hurtgen, R-22 Blister Testing of Magnet
Wire, Proceedings of the Tenth Electrical Insula-
tion Conference, Chicago, IL, pages 183-185, 1971
(RDB2917)

H. O. Spauschus and G. C. Doderer (General Elec-
tric Company), Chemical Reactions of Refriger-
ant 22, Transactions, American Soclety of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 71, part |, pages
162 ff, 1965 (RDB2327)

please see pages 5-8 for ordering information
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R-123

R. G. Doerr (The Trane Company), Absorption of
HCFC-123 and CFC-11 by Epoxy Motor Varnish,
paper 3621 (Annual Meeting, Baltimore, MD, June
1992; previously presented at Annual Meeting, In-
dianapolis, IN, June 1991), Transactions, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, voiume
98, part 2, pages 227-234, 1992 (8 pages with 9 fig-
ures, RDB2606)

This paper summarizes a study to determine the
parameters that influence absorption of R-11
and R-123 by varnishes and the effect of the ab-
sorbed refrigerants on chemical and physical
properties. These varnishes hold motor wind-
ings together and act as secondary electrical in-
sulation, filling in voids created during the
winding process. Interest in the subject stems
from observations that motor varnishes can ab-
sorb considerable amounts of R-123 with vary-
ing effects. The effects of cyclic and continuous
exposures at high temperature and pressure,
relative rates of absorption and desorption, ex-
istence of an equilibrium absorption value, and
effects of temperature on the rate of absorption
and the equilibrium are discussed. The experi-
mental procedure, based on weight gain during
thermal aging followed by drying, is outlined.
Four varnishes were tested; they are identified
as a recently introduced solventless type, a
common solvent-based type, a 100% solids
type, and a water-borne epoxy. The paper con-
cludes that absorption is the same for cyclic and
continuous exposures, that desorption is ex-
tremely slow to nonexistent at 21 °C (70 °F), and
that full desorption would require in excess of
1000 hours at 121 °C (250 °F). It aiso notes that
absorption increases until an equilibrium is es-
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
relatively independent of temperature for R-11.
The paper outlines two key implications for
compatibility testing: 1) Low temperature and
pressure may be a more severe environment for
materials than high temperature and pressure,
and 2) tests must be continued long enough to
be certain that equilibrium is reached at lower
temperatures.

H. B. Ginder, Compatibllity Test — 15# Carbon
Bursting Disk (2.5"), York International Corpora-
tion, York, PA, July 1989 (1 page, available from
JMC as RDB0O011)

A 64 mm (2%") carbon bursting disk was im-
mersed in R-123 at room temperature for 16
days. Subsequent testing for leaks and poros-
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ity, using R-22, indicated that the disk did not
develop leaks.

H. B. Ginder, Compatibllity Test — O-Rings, Gas-
ket, Oil Filter, Etc., York International Corporation,
York, PA, July 1989 (1 page with 1 table, avallable
from JMC as RDB0009) :

A table summarizes the swelling of various ma-
terials immersed in R-123 and R-11. The mate-
rials include elastomeric (DuPont Viton(R),
Buna(™) N, and neoprene) o-rings, a Buna(TM)
N bushing, and components of a Kaydon oildine
filter (cork and Buna(™) N gaskets, pleated pa-
per, and adhesive). Quantitative resuits are pre-
sented after a two week exposure at room tem-
perature in a mixture of 30% refrigerant and 10%
naphthenic oil. The R-123 test samples swelled
considerably more than the R-11 samples. The
Buna N bushing swelled 79% in R-123, as com-
pared to 7.1% in R-11. The document con-
cludes that Buna N formulations are not too
compatible with R-123, but that Viton and neo-
prene appear to be acceptable. Compatibility
concerns also are cited for the gaskets and ad-
hesive in the oil filter.

T. P. Gross, Compatibility Test — Green-Colored
Viton O-Ring, York International Corporation, York,
PA, J)uly 1989 (1 page, avallable from JMC as RDB-
0012

Swell data are presented for green-colored fluo-
roelastomeric (DuPont Viton(R) o-rings) im-
mersed in R-123 and R-11 for three week at
room temperature. The o-rings showed initial
linear swell of 19.8% in R-123, which changed to
4.4% after drying overnight. Samples exposed
to R-11 showed initial linear swell of 3.0%. The
elastomers exhibited no significant loss in
physical properties in either fluid.

T. P. Gross, Compatibility Test — Loctite Sealants
(Pipe Sealant with Teflon, Grade AV), York Inter-
national Corporation, York, PA, July 1989 (1 page,
available from JMC as RDB0010)

Two Loctite(R) compounds (pipe sealant with
DuPont Teflon(R) and Grade AV) were applied to
threaded fittings and tested with liquid R-123.
The report indicates that the two compounds
tested appear to be compatible with R-123,
based on a seven-day period of exposure and
curing. The test procedure and curing consid-
erations for sealants are discussed.

Compatibility of Alternative Refrigerants with
Elastomers, report NIST-11, E. |. DuPont de Ne-
mours and Company, Incorporated, Wilmington,
DE, t;ndated (3 pages available from JMC as RDB-
0307
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This report summarizes an investigation to de-
termine the compatibility of two elastomers,
Neoprene W and Buna(™) N, with R-123 and R-
124. Swell data are tabulated after immersions
for 1 hour and 1, 2, and 3 days at room temper-
ature. Qualitative observations on discoloration
of the refrigerant also are reported. Based on a
criterion of swell substantially exceeding 10%,
both elastomers were deemed Incompatible
with R-123 and Buna N was judged incom-
patible with R-124. The experimental procedure
is outlined.

Decomposition Rates of R-11 and R-123, Carrier
Corporation, Syracuse, NY, September 1989 (3
page)s with 3 figures, availabie from JMC as RDB-
0019

The fraction of R-123 that decomposes in solu-
tion with alkylbenzene lubricant after 14 days is
plotted as a function of temperature. Less than
1% decomposition was measured at 82 and 121
°C (180 and 250 °F), but this increased to 6.2%
at 177 °C (350 °F). Decomposition of R-11 and
R-123 after 4 and 14 days, respectively, at 121
°C (250 °F) is compared for mixtures of 5% iubri-
cant by weight. One alkylbenzene (Zerol(R) 300)
and four mineral oils (Mobil DTE Heavy Medium,
Mobil DTE 26, Rando HD-68, and Witco Sun-
iso(R) 4GS) were tested.

Eiastomer Immersion Tests for Fluorocarbon-
123, technical report NIST-8, Freon(R) Products
Laboratory, E. |. DuPont de Nemours and Com-
pany, Incorporated, Wilmington, DE, undated (5
page)s with 2 tables, available from JMC as RDB-
0304

Results are summarized for immersion tests of
13 elastomers in R-123 for up to seven days at
75 and 130 °F (24 and 54 °C). Quantitative re-
sults of the linear-swell tests are provided, in-
cluding intermediate and final changes in length
and weight as well as the fraction of extrac-
taw:gs. Qualitative changes in appearance and
physical properties of the elastomers and in the
appearance of the liquid are tabulated. The
tested elastomers were two urethane rubbers
(Uniroyal Adiprene(R) C and Adiprene(R) L), a
hydrocarbon rubber (DuPont Nordel(R), a
fluoroelastorner (DuPont Viton(R) A), a silicone
rubber (General Electric SE-361), a nitrile sill-
cone rubber (NSR-X5602), a synthetic rubber
(DuPont Hypalon(R) 40), natural rubber, poly-
sulfide rubber (Thiokol(R) FA), Buna(™) N, Bu-
na(T™™) §, chioroprene (neoprene W), and Bu-
tyl™).  Of those tested, only Thiokol FA ap-
pears suitable for use and prolonged contact
with R-123.

Evaluation of Epoxy Varnish Materials for Alter-
native Refrigerant HCFC-123, report NIST-13,
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Chemistry Laboratory, The Trane Company, La
Crosse, WI, 25 August 1989 (9 pages with 8 tables,
available from JMC as RDB0034)

This report presents measured and observed
findings for sealed-tube tests varnishes used as
insulation for motors in hermetic compressors.
Resuits are tabulated before and after thermal
aging in air, R-11, and R-123 for Sterling(R) 364,
water-borne epoxy (Schenectady Isopoxy(R)
800), Schenectady 8620, Epoxylite 477, and
solvent epoxy (P. D. George 923) varnishes.
The exposures were made at 121 °C (250 °F) for
168 hours (1 week). Changes to the pre-expo-
sure conditions are reported immediately after
exposures and after drying for different periods,
depending on the material. A final table sum-
marizes extraction measurements on the var-
nishes after exposures. The preparatory cuting
conditions for the samples also are doc-
umented.

HCFC-123 Compatibility with Teflex NPG V-214
O-Rings Covered with High Density Teflon, re-
port NIST-11, Chemistry Laboratory, The Trane
Company, La Crosse, W, 16 March 1989 (1 page,
avallable from JMC as RDB0032)

Results of swell testing tetrafiuoroethylene (TFE,
DuPont Teflon(R)) coated DuPont Viton(®R o-
rings in R-123 at 100 °C (212 °F) are reported.
The Teflon(R) coating was permeated, causing
the Viton core to swell. Testing stopped after 72
hours due to o-ring failure.

HCFC-123 Refrigerant Analyses, report NIST-9,
Chemistry Laboratory, The Trane Company, La
Crosse, WI, 24 November 1988 (1 page with 1
table, available from JMC as RDB0030)

A table compares the purity of new, used, and
distilled-used specimens of R-123. No change
from new R-123 was found by gas chromatog-
raphy after use in model CVHE hermetic cen-
trifugal chillers. Quantitative results are com-
pared for moisture content and high-boiling
residue. The high-boiling residues increased
from 6 to 1591 ppm in use, but dropped to 1
ppm after redistillation. Moisture content de-
creased from 38 to 21 ppm, but increased to 31
ppm after redistillation.

Material Compatibiiity of Alternative Refriger-
ants: Usability/Compatibility of R-123 Received
from Refrigerant Suppliers, report NIST-2, Chem-
istry Laboratory, The Trane Company, La Crosse,
WI, 15 April 1988 (2 pages with 1 table, available
from JMC as RDB0023)

This report of chemical analyses addresses the
compatibility of R-123 samples from AlliedSignal
and DuPont Chemicals with red neoprene 2337
elastomer material. Test rings were exposed to

please see pages 5-8 for ordering information
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R-123 in both vapor and liquid phases for 168
hours at 77 °C (170 °F) using Trane Standard
Test Method 3.7-04. Control samples were sim-
lany exposed to R-11. Cross-sectional diame-
ter, volume swell, and durometer hardness are
tabulated before and after exposures. Some
extraction of processing and/or base oils was
observed with all three refrigerant samples. No
precipitation of waxilke materials, cracks, or
blisters were evident in any of the refrigerants.
The increases In dlameter and volume and de-
creases in durometer hardness were lower In R-
123 than in R-11. The differences between re-
sults from the two R-123 samples were minor.

Material Compatibility of Alternative Refriger-
ants: Usability/Compatibility of R-123 Received
from Refrigerant Suppliers, report NIST-3, Chem-
istry Laboratory, The Trane Company, La Crosse,
WI, 15 April 1988 (4 pages with 2 tables, available
from JMC as RDB0024)

Swell tests of elastomeric compounds in R-11
and R-123 at 77 °C (170 °F) for 72 hours are re-
ported. The elastomers included yellow nitrile
7507, red neoprene 2337, and green neoprene
2167. Quantitative data are presented for vol-
ume swell, cross-sectional diameter, and duro-
meter hardness. Nitrile swelled 400-600% more
in R-123 than in R-11. The neoprene samples
exposed to R-123 exhibited less or comparable
swelling to those exposed to R-11.

Material Compatibiiity of Alternative Refriger-
ants: Usability/Compatibility of R-123 Received
from Refrigerant Suppliers with Elastomer Mate-
rials, report NIST-4, Chemistry Laboratory, The
T.ane Company, La Crosse, WI, 10 May 1988 (3
page)s with 2 tables, available from JMC as RDB-
0025

Swaell and durometer test data are tabulated for
yellow nitrile 7507, red neoprene 2337, and
green neoprene 2167 test rings exposed to
50/50 mixtures of R-11 and R-123 with 250 SUS
white oil. The tests were repeated for separate
samples of R-123 from AlliedSignal and DuPont
Chemicals. Samples were aged In stainless
steel test vessels for 3 days (72 hours) at 77 °C
(170 °F). Cross-sectional diameter, volume
swell, and durometer hardness were measured
both before and after exposures, for both the
vapor and liquid phases of the refrigerants, and
compared. The hardness measurements were
repeated after 2-3 days of drying to allow off-
gasing.

Material Compatibility of Alternative Refriger-
ants: Compatibility of R-123 Received from Re-
frigerant Suppliers with Proposed Elastomer
Materials, report NIST-5, Chemistry Laboratory,
The Trane Company, La Crosse, WI, 6 June 1988 (2
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pages with 1 table, available from JMC as RDB-
0026)

Measurements of weight, volume, density, di-
mensions, and durometer hardness are re-
ported for polysulfide rubber (Morton Thiokol(R)
ST). Data are compared before and after expo-
sures to both the vapor and liquid phases of R-
123. Aging was performed in stainless steel test
vessels for 3 days (72 hours) at 77 °C (170 °F).
The tabulated data summarize measurements
for tests in the refrigerant alone and in a 50/50
mixture with 250 SUS white oil. The tests were
repeated for separate samples of R-123 from Al-
liedSignal and DuPont Chemicals. Data fot ex-
posures to the AlliedSignal R-123 refrigerant
withcut lubricant were lost, due to an experi-
mental problem, and were not remeasured. The
document concludes that this rubber formula-
tion would not be acceptable as an elastomer
for use in a R-123 environment, but it does not
rule out use of other polysulfide rubbers. The
test data suggest that this rubber compound is
affected more severely by 100% R-123 than by
the mixture of R-123 and lubricant.

Material Compatibility of Alternative Refrigerant
123: Elastomer Chemistry of and Specifications
for Chloroprene, report NIST-8, Chemistry Labo-
ratory, The Trane Company, La Crosse, WI, 10
November 1988 (2 pages with 1 table, available
from JMC as RDB0029)

This document compares the elastomer chem-
istry of chioroprene rubber for use in R-123.
The formulations tested included 2337 (red dot),
2167 (green dot), and 2347 (new compound) o-
rings as well as 2167 (green dot) cord ring.
Chemical properties obtained from infrared
spectra, volumetric swell, and durometer hard-
ness were compared as received, after heat
aging in air for 168 hr at 100 °C (212 °F), and
after thermal aging at the same conditions in
ASTM #3 oll, 250 SUS white oil, and R-123 va-
por. Tests also were performed after immersion
in R-11 liquid, R-11 vapor, and R-123 liquid for
neoprene 2347. The resulting data are tabu-
lated.

Material Compatibility of Alternative Refrigerant
123: Physical Properties of O-Rings for Appli-
cability in Alternative Refrigerant 123 and Refrig-
erant 11, report NIST-7, Chemistry Laboratory, The
Trane Company, La Crosse, WI, 27 October 1988
(2 pages with 2 tables, available from JMC as RDB-
0028)

The tensile strength, elongation, and fluld resis-
tance of neoprene 2347 (size 222) o-rings were
tested. Measured values were compared for
materials as received, after heat aging in air for
168 hr at 100 °C (212 °F), and after thermal ag-
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ing at the same conditions in ASTM #3 oll, 250
SUS white oil, R-11, and R-123. Heat aging was
performed and fluid resistance was measured in
accordance with ASTM D573 and D471, re-
spectively. The tabulated data indicate less
change for R-123 than for R-11, and that the de-
crease in tensile strength and elongation for R-
123 I? similar to that after immersion in ASTM
#3 oil.

Material Compatibility of Alternative Refrigerant
123: Short Term Suitability of Chioroprene Sheet
Gasket Material, report NIST-6, Chemistry Labo-
ratory, The Trane Company, La Crosse, WI, 7 Oc-
tober 1988 (1 page, available from JMC as RDB-
0027)

Results are qualitatively summarized for com-
pression and fiexibility tests of Reinz chloro-
prene sheet gasket material exposed to R-123.
The exposures were for 24 hour at 25 °C (77 °F)
and at 100 °C (212 °F). All samples (hot and
cold) failed when folded before reaching a 180°
angle.

Metal Corrosion Tests with [HC]FC-123 and Dis-
tilled Water, report NIST-10, E. |. DuPont de
Nemours and Company, Incorporated, Wilmington,
DE, undated (5 pages with 2 tables, availabie from
JMC as RDB0306)

Compatibility resuits of R-123 and distilled water
with cold-rolled steel 1020, stainless steel 304,
nickel, monel, copper, aluminum 28, zinc, and
magnesium alloy FS-1 are reported for dry and
wet conditions. Results are tabulated at the lig-
uid boliling point after exposure for 100 hours
and after 100 days at 55 °C (130 °F). Decompo-
sition of the R-123, metal corrosion rates, and
the appearances of the liquid and metal are pre-
sented. R-123 was judged suitable with all of
the metals under dry-test conditions, but suit-
able only with the stainless steel after 100-day
wet exposure. Additionally, only the stainless
steel, nickel, and monel showed no corrosion
after the 100-day wet-exposure test.

Moisture Solubility in R-123 and R-134a, re-
search project 602-RP, American Society of Heat-
ing, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, March 1989 - ongoing
(ASH0602)

This project will determine the moisture solubil-
ity of R-123 and R-134a. Measurements will be
made In the range of -23 to 66 °C (-10 to 150 °F)
for the liquid phase and at a single temperature
in the vapor phase. The data are needed to
determine the corrosion characteristics of these
refrigerants. The contractor Is the University of
Alabama, led by J. S. Thrasher; the project is
sponsored by ASHRAE Technical Committee
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3.3, Contaminant Control in Refrigerating Sys-
tems.

Motor Insulations in R-123 and R-134a, Carrier
Corporation, Syracuse, NY, September 1989 (2
page)s with 2 figures, available from JMC as RDB-
0015 , .

Two charts show the effects of R-123 and R-
134a on cured motor insulations. XV-572, XV-
587, water-borne epoxy (Schenectady Iso-
poxy(R) 800), solvent epoxy (Sterling(R) U-475),
and polyester (Dolphon) varnishes were tested
for weight change, percent extragtables, and
Shore D hardness loss. Quantitative data, after
aging for ten days at 93 °C (200 °F) for R-123
and at 38 °C (100 °F) for R-134a, are given.

Mutual Solubilities of Water with Fluorocarbons
and Fluorocarbon-Hydrate Formation, report
NIST-12, E. |. DuPont de Nemours and Company,
Incorporated, Wilmington, DE, undated (16 pages
with 4 figures and 7 tables, available from JMC as
RDB0308)

Test procedures and results are described for
an investigation of the mutual solubility of water
and of solid hydrate formation with R-123, R-
124, and R-125. Measured and calculated solu-
bility data are tabulated in the temperature
range of 77-167 °C (171-333 °F) for R-123 and R-
124 and 77-138 °C (171-280 °F) for R-125. Re-
gression equations and plots of the data are
provided to compare the data to prior mea-
surements for R-22, R-113, and an unidentified
fluid. Solubility coefficients are plotted for these
fluorocarbons In water for 0-120 °C (30-250 °F)
at saturated vapor pressure conditions. The
fraction of fluorocarbon by weight in water are
similarly presentad and plotted at saturated va-
por and atmospheric pressures. The results
coupled with those of earlier work indicate that
R-125, R-134a, R-142b, and R-152a form solid
water hydrates, but that R-123 and R-124 do
not. The document discusses implications of
the findings on specifications for water content
in the refrigerants examined.

Plastic Immersion Tests Iin Fluorocarbon-123,
report NIST-7, E. |. DuPont de Nemours and Com-
pany, Incorporated, Wilmington, DE, undated (5
pggae)s with 2 tables, available from JMC as RDB-
0

Results of compatibllity tests are presented for
13 plastics, after immersion for four hours at 24
°C (75 °F) and after thermal-aging for 100 hours
at 54 °C (130 °F) in R-123. The plastics included
linear polyethyiene (Alathon(R) 7050), poly-
propylene (Alathon(®) 9140), cast methyi-
methacrylate resin (Lucite(R)), nylon (DuPont
Zytel(R) 101), tetrafluoroethylene (TFE, DuPont
Teflon(R) type 1), polycarbonate resin (GE
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Lexan(R), ABS polymer (Kralastic(R)), poly-
styrene (Styron(TM) 475), epoxy (G-10-3675),
ethyl celluiose, acetal resin (DuPont Delrin(R)
500X), polyvinyl alcohol, and unplasticized poly-
vinyl chloride. Quantitative data are presented
for length change, weight change, and for per-
cent extractables. The appearances of the
plastic and liquid R-123 are described. The lin-
ear polyethylene, nylon, epoxy, acetal, and poly-
vinyl chloride plastics tested were judged to be
compatible with R-123.

Polymer/Elastomer Performance in R-123 and
R-134a, Carrier Corporation, Syracuse, NY,
September 1989 (4 pages with 3 figures, available
frorn JMC as RDB0O18)

Two graphs compare swell for polymers and
elastomers in R-11 and R-123 at room temper-
ature and at 93 °C (200 °F). The materials in-
clude a nitrile copolymer, fluoroelastomer
(DuPont Viton(R) A), isoprene (neoprene), nylon,
phosphazene (Eypel-F), polytetrafluoroethylene
(PTFE, Gylon), polyolefin (Alcryn), polypropy-
lene, olefinic thermoplastic (Geolast(R), and
polyester thermoplastic (DuPont Hytrel(R)). R-
123 produced much greater swelling than did R-
11. Quantitative values are given for swell and
extractables of elastomeric materials in R-134a
at 93 °C (200 °F) for ten days. These materials
include Gylon, neoprene, nitrile, nylon 6/6, poly-
propylene, and Viton A.

[R-]123 Refrigerant Analyses, report NIST-1,
Chemistry Laboratory, The Trane Company, La
Crosse, WI, 14 March 1988 (1 page with 1 table,
available from JMC as RDB0022)

A table compares the chemical purity of R-123
samples, from AlliedSignal and DuPont Chemi-
cals, with distilled R-11. Results are tabulated
for chloride-lon content, high boiling tem-
perature impurities, neutralization value, mois-
ture content, and organic purity determined by
gas chromatography. The moisture content in
the R-123 samples was higher than expected,
but not judged to be significant.

Refrigerant Breakdown Volitage, Buffalo Research
Laboratory, AlliedSignal Incorporated, Buffalo, NY,
1 May 1990 (1 page with 1 table, available from
JMC as RDB0512)

Refrigerant breakdown voitages, as determined
by ASTM D-2477-84, are tabulated for R-11, R-
12, R-22, R-123, and R-134a at 21 °C (70 °F) and
93 °C (200 °F).

Ses’>< .Tube Stability Test Results: Alernative
Refrigerants, Carrier Corporation, Syracuse, NY,
September 1989 (1 page with 1 table, available
from JMC as RDB0020)
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A table summarizes the decomposition fraction
of R-11, R-12, R-123, and R-134a with Witco
Suniso(R) 3GS and Mob#l DTE 26 mineral oils
and with Zerol(R) 150 and Zerol 300 alkylben-
zene lubricants. No decomposition was de-
tected for R-134a; some R-12 decomposed into
R-22. R-123 decomposed less than R-11 for all
four lubricants.

Stability of CFC-11 and HCFC-123, report NIST-
12, Chemistry Laboratory, The Trane Company, La
Crosse, WI, 17 April 1989 (3 pages with 1 table,
available from JMC as RDB0033)

Sealed-tube test results are compared for R-11
and R-123 after exposure to 250 SUS white
mineral oll and metallic catalysts (aluminum,
copper, and steel). Qualitative and quantitative
decomposition effects are presented after 168
hours at 100 °C (212 °F), 121 °C (250 °F), and
150 °C (302 °F). The thermal stability of R-123
and oil was judged to be greater than the ther-
mal stability of R-11 and oil.

Summary of Physical Property, Solubiiity, and
Compatibility Data tor [HC]FC-123, report NIST-9,
E. I. DuPont de Nemours and Company, Incor-
porated, Wilmington, DE, undated (11 pages with 3
figurt;s and 4 tables, avallable from JMC as RDB-
0305

Liquid density, vapor pressure, viscosity, sur-
face tension, and Kaurl-butanol number are pro-
vided for R-123. The solubility of water and
various substances in R-123 also are given.
Additionally, the report qualitatively summarizes
compatibility tests with various magnet wire var-
nishes, Including Alkanex terephthalate polyes-
ter, enamel oleoresin, Ensolex acrylic, epoxy,
Anavar isocyanate-modified polyvinyl, Lecton
acrylic, Nyiclad nylon-coated polyvinyl, poly-
imide, polyurethane, and Formvar polyvinyl.

Tefiex O-Rings, Size 214, Seaimore Industries,
report NIST-10, Chemistry Laboratory, The Trane
Company, La Crosse, WI, 27 January 1989 (1 page
with 1 table, available from JMC as RDB0031)

A table compares the swell properties of Teflex
o-rings in R-11, R-123, and in 250 SUS white oill
with each refrigerant in a 50% refrigerant mix-
ture. Quantitative results are presented after a
70-hour exposure at 77 °C (170 °F). The R-123
samples exhibited a volume change threa-times
higher than those of the R-11 samples. How-
ever, the o-ring density changes were compa-
rable for the R-11 and R-123 refrigerant-lubricant
mixtures.

Viton O-Ring and Cord Ring Swell Data in Both
R-11 and HCFC-123, report NIST-14, Chemistry
Laboratory, The Trane Company, La Crosse, Wi, 13
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September 1989 (1 page with 1 table, available
from JMC as RDB0035)

Comparisons are presented for immersion of
fluoroelastomer (DuPont Viton(R)) o-rings and
cord rings in R-11 and R-123. Data are tabu-
lated for 70-hour exposures at 77 °C (170 °F).
The volume change of the Viton materials in R-
123 was found to be approximately three times
that for R-11.

UL 984 Tests with R-123 and Oils, Carrier Corpo-
ration, Syracuse, NY (1 page with 1 table, available
from JMC as RDB0016)

A table summarizes modified UL 984 tests of
motor materials aged at 82 °C (180 °F) for 60
days. Control results are compared to those
after separate exposures to R-11 and R-123
mixed with 5% Mobil DTE 26 mineral oil, Zerol(R)
150 alkylbenzene oil, and Rando HD-68. Insula-
tion failures (1 ma current leakage to ground
after 1 minute at 1.5 kV) and breakdown voit-
ages are reported. Results are summarized for
polyester-imide magnet wire, Dacron-Valox(R)
lead wire, DuPont Teflon(R) wire sleeving,
DuPont Mylar(R) end cap, Mylar-Dacron(R) ther-
mosleeve, Mylar(R) and Melinex(R) slot liners,
and Mylar and Melinex phase separators.
Breakdown voltages of 2.7-17.0 kV, but no cur-
rent leakage failures, are indicated.

R-124

P. R. Reed (DuPont Chemicals) and H. O.
Spauschus (Spauschus Associates, Incorporated),
HCFC-124 Applications and Properties: Com-
parisons with CFC-114, presentation charts pre-
pared by Spauschus Associates, Incorporated, for
E. I. DuPont de Nemours and Company, Incorpo-
rated, Wilmington, DE, undated (22 pages with 9
figur?s and 1 table, available from JMC as RDB-
1206

The stability, miscibility, and lubricity of R-124
are compared to those of R-114. Qualitative
data are presented for sealed-tube tests with
metals (copper and steel) and unspecified 300
SUS mineral oils (paraffinic and naphthenic) and
with an alkylbenzene lubricant after 14 days at
175 °C (350 °F). The effects of high moisture
content and of lubricant additives on refrigerant
stability also are discussed. Alkylbenzene lubri-
cants were judged to be the most suitable for
use with R-124,
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R-134a

D. J. Bateman (DuPont Chemicals), Current De-
velopment Status of HFC-134a for Automotive
Air Conditioning, paper 900213 (SAE International
Congress and Exposition, Detrott, MI, 26 February -
2 March 1990), Society of Automotive Engineers
(SAE), Warrendale, PA, February 1990 (15 pages
with 6 figures and 11 tables, RDB2201)

A. P. Cohen, S. R. Dunne, and J. J. Seman, Des-
iccants for Drying R-134a in Refrigeration Sys-
tems, UOP Research and Molecular Sieve Tech-
nology, Tarrytown, NY, April 1988 (16 pages with 8
ﬂgur?s and 4 tables, available from JMC as RDB-
0003

This document summarizes tests of the effec-
tiveness, compatibility, and physical strength of
three Union Carbide Molecular Sieves for use as
desiccants for R-134a. The molecular sieves
tested were 4A-XH-5 and 4A-XH-6, both com-
mercial products, as well as XH-7, a develop-
mental item; all three were tested as 8x12 mesh
beads. These desiccants were exposed to R-
134a and a polyalkylene glycol lubricant (Union
Carbide UCON LB-525) at 82 °C (180 °F) and
then tested for fluoride content, water capacity,
crush strength, and attrition. Plots of fluoride
uptake and water-retention capacity, as func-
tions of equivalent exposure time, are provided
along with plots of water capacity, crush
strength, and attrition versus fluoride content.
Isotherms were generated for the three desic-
cants in R-134a. The document recommends
against use of 4A-XH-5, currently used for R-12
drying, with R-134a. It suggests that the choice
between the remaining types be based on the
cost versus required performance, especially
with respect to their relative strength character-
istics. Significant build-up of fluoride was de-
tected on the 4A-XH-5 molecular sieve, due to
chemical reaction between R-134a and the
desiccant. Further information on a long-term
test of a 4A-XH-6 sample addressed is provided
in document RDB0309.

S. Corr, P. D. Guy, R. D. Gregson, N. M. Sammes,
G. Tompsett (ICI Chemicals and Polymers, Lim-
ited), and T. W. Dekleva (ICI Americas, Incorpo-
rated), Materials Compatibility and System Sta-
bility Studies with R-134a and Alternative Lubri-
cants, seminar presentation at the ASHRAE Annual
Meeting, (St. Louls, MO), ICI Americas Incorpo-
rated, New Castle, DE, USA, 12 June 1990 (30
pages with 23 charts, RDB2523)

P. D. Guy, G. Tompsett (IC! Chemicals and Poly-
mers, Limited), and T. W. Dekleva (IC! Americas,
Incorporated), Compatibilities of Nonmetallic
Materials with R-134a and ARternative Lubricants
in Refrigeration Systems, paper AN-92-5-4 (Winter
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Meeting, Anaheim, CA, January 1992), Transac-
tions, American Soclety of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, volume 98, part 1, pages 804-816, 1992 (13
pages with 17 tables, RDB2104)

This paper reviews the compatibility of non-
metallic materials with R-134a and associated
lubricants, based on sealed-tube tests as well as
analytical investigations of compressor life tests
and fleld evaluations. The test and analytical
methods used also are reviewed. The materials
addressed include ethylene propylene dimer
monomer (EPDM) rubber, fluorinated polymer,
natural rubber, nitrile rubber, nylon, and poly-
ethylene terephthalate (PET). Data on weight,
volume, tensile-strength, and elongation change
as well as on hardness are compared to those
for R-12 with naphthenic mineral oil. The paper
notes that while an enormous amount of infor-
mation has been developed by industry for
compatibility of alternative refrigerants with as-
sociated lubricants and materials, most of it has
not been published.

J. G. Johnson and T. E. Watson (SnyderGeneral
Corporation), Refrigerant 134a Compatibility with
Centrifugal Chillers, paper 5.1, Proceedings of
the International Seminar on New Technology of
Alternative Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Association of Refrigeration (JAR), Tokyo, Japan,
pages 83-88, February 1983 (6 pages with 4 figures
and 6 tables, preprint available from JMC as RDB-
3117)

This paper reviews requirements for use of R-
134a in chillers with centrifugal compressors.
The paper compares the thermodynamic
properties of R-134a to those of R-12 and R-500.
Data are tabulated to substantiate 4% lower
mass flow, but higher isentropic lift re-
quirements. Heat transfer characteristics also
are compared, noting an overall improvement of
12% in condensers for R-134a over R-12 and 2-
10% In evaporators. A plot compares the film
coefficients for poo! boiling for a range of typical
heat fluxes. Scaling opportunities through di-
mensional analysis, to attain a range of capaci-
ties and accommodate different refrigerants, are
ilustrated. Tabular data compare efficiency with
R-134a or R-500 to that with R-12. The paper
then reviews materials compatibility issues, with
attention to elastomers, plastics, metals, and
motor materials. A plot compares swel! for
three nitriles with R-134a, polyol ester mixed
acid, polyol ester branched acid, and naph-
thenic mineral oils. Stability data based on
sealed-tube tests, are compared for R-12, R-22,
R-123, R-134a, and R-500 and assoclated lubri-
cants. The paper addresses lubricant solubility,
miscibility, and lubricity. A plot shows oil return
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with R-12 and R-134a, with mineral ol and penta
erythritol ester respectively, for a flooded evapo-
rator. Test results are tabulated for a retrofit
from R-500 to R-134a, showing a 10% loss in
capacity and 2% increase In efficiency. Conver-
sion requirements are outlined from R-12 to R-
134a. A final table compares pool boiling for R-
12 with mineral oil, R-134a with ester, and the
latter pair with 5% residual mineral oil. The pa-
per concludes that R-134a with ester lubricants
offers similar or improved compatibility and
better oil return and heat transfer. The efficiency
is nearly the same for R-12, R-134a, and R-500.
Conversions of R-500 machines can achieve
90% of original capacity without hardware
changes. Retrofit of R-12 chillers requires
changing the gear set and impeller, but resuits
in comparable efficiency.

J. G. Johnson, R-134a, R-123, and Mineral Oil
Compatibility with Steel, Aluminum, and Cop-
per, SnyderGeneral Corporation, Staunton, VA, 4
September 1990 (4 pages with 1 figure and 1 table,
available from JMC as RDB0902)

The chemical and thermal stability of R-123 and
R-134a with Witco Suniso(R) 4GS mineral oil in
the presence of ferrous and nonferrous metals
were compared to that of R-12 and R-500 under
the same conditions. Stability was gauged us-
ing sealed-tube tests for 14 days at 175 °C (350
°F); test results are compared by gas
chromatography, to identify decomposition
products, and by visual analysis. The metals
used for the tests were Sandvik valve steel,
OFHC copper wire, and aluminum 85 bearing
material. R-134a was found to be superior to R-
12 and R-500 in stability and reactivity, but im-
mediate decomposition was evident for R-123.

E. D. Lawler, HFC-134a and Mineral Oil Materials
Compatibility with Hermetic Motor Insulation
System for McQuay PEH048/050 Centrifugal
Water Chillers, SnyderGeneral Corporation, Staun-
ton, VA, 29 August 1990 (2 pages with 4 tables,
available from JMC as RDB0901)

The compatibility of R-134a and mineral oils
(both naphthenic and paraffinic) with the her-
metic motor Insulation materials used in cen-
trifugal water chillers are examined. Baseline
tests were run with R-12 and naphthenic oil for
comparison purposes. Results are presented
for varnish bonding for amide-imide-polyester
film and dielectric retention of copper magnet
wire with and without varnish treatment. Results
also are summarized for retention of flexibility
for DuPont Mylar(R}, DuPont Nomex(R), and
Dacron(R)-Mylar(R)-Dacron(R) sheet insulation,
as well as for dielectric retention of flexible her-
metic lead wire. The materials were generally
unaffected. One exception was a weakening of
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epoxy vamnish in the presence of R-134a and
naphthenic oil (reduced 13.5% compared to the
mixture of R-12 and naphthenic oil). Flexibility
of fim Insulation was adequately maintained
and retained dielectric was acceptable.

E. D. Lawler, Compatibility of Various Elastomers
in Refrigerant HFC-134a with Several Lubricants,
SnyderGeneral Corporation, Staunton, VA, 5 Sep-
tember 1990 (3 pages with 3 tables, available from
JMC as RDB0903)

Results of materials compatibility testing of o-
rings with R-134a and naphthenic mineral oil, al-
kylbenzene, and polyalkylene glycol (PAG) lu-
bricants are presented. The elastomers evalu-
ated were nitrile HSN, nitrile ASM 3215, and
neoprene ASM 3209. Thermal aging tests were
conducted separately for the refrigerant and Iu-
bricants and for refrigerant-lubricant mixtures.
Changes are noted for hardness, tensile
strength, elongation, and volume. The property
changes experienced by the elastomers were
no greater than, and generally less than, those
experienced when aged in the presence of ei-
ther R-12 or R-22. Nitrile, however, appears to
shrink slightly when soaked in alkylbenzene.
The neoprene swelled slightly when subjected
individually to either R-134a or the PAG, and
there was an unacceptable amount of shrinkage
when aged in a mixture of R-134a and 5% PAG.

K. S. Sanvordenker (Tecumseh Products Com-
pany), Materials Compatibility of R-134a in Re-
frigerant Systems, Transactions, volume 95, part
2, republished in ASHRAE Special Publication,
CFCs: Time of Transition, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, pages 211-216, Jan-
uary 1989 (6 pages with 5 figures and 1 table, 20
page preprint available from JMC as RDB0001)

Miscibility and pressure-temperature solubility
diagrams are presented for R-134a with poly-
glycol (butyl monoether, polyoxyethyiene-pro-
pylene, and polyoxypropylene glycol) and
polyol ester (dibasic acid ester and neopentyl
ester) lubricants. The effects of R-134a on two
magnet-wire Insulations (polyester-imide and
polyester enamel overcoated with amide-imide),
two unidentified anaerobic adhesives, three
elastomeric o-rings (chloroprene, ethylene
propylene rubber, and nitrile), and a type 4A
molecular-sleve desiccant are addressed.
Compressor and refrigerator-freezer tests with
R-134a and selected lubricants are described.

H. O. Spauschus (Spauschus Assoclates, Incorpo-
rated), HFC-134a as a Substitute Refrigerant for
CFC-12, Status of CFCs — Refrigeration Systems
and Refrigerant Properties (proceedings of the
meetings of IR Commissions B1, B2, E1, and E2,
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Purdue University, West Lafayette, IN), International
Institute of Refrigeration, Paris, France, pages 397-
400, July 1988; republished in International Journal
of Refrigeration, Paris, France, volume 13, number
}}bg)ovember 1988, pages 389-392 (4 pages, RDB-

This paper discusses compressor and refrigera-
tion system requirements and information gaps
for R-134a applications. It summarizes the rea-
sons R-134a is viewed as a Ieading candidate
for replacement of R-12. The paper reviews
some of the basic properties of R-134a, includ-
ing stability, system chemistry, solubility, and
lubricity. Additional information that is system-
specific will need to be developed for each ma-
jor application: automotive, home appliance, or
centrifugal chillers,

R. H. P. Thomas and H. T. Pham (AlliedSignal In-
corporated), Evaluation of Environmentally Ac-
ceptable Refrigerant-Lubricant Mixtures for Re-
frigeration and Air Conditioning, paper 891967
(Passenger Car Meeting, Dearborn, Ml), Society of
Automotive Engineers, Warrendale, PA, September
1989)(9 pages with 6 tables and 5 figures as RDB-
0503

Laboratory data on the compatibility of R-134a
with lubricants and the compatibility of the re-
frigerantlubricant mixtures with elastomers and
other materials are reviewed. Miscibility of R-
134a in three polyglycols, a dihydroxy and two
butyl-capped monhydroxy polyalkylene glycols
(PAGSs), and solubility for R-134a with the first of
these are discussed. Stability, dry and with
moisture present, also is addressed by com-
paring copper plating at 149 °C (300 °F) for the
systems with R-134a and PAGs to R-12 with
mineral oil. Tests of fluoride-ion production in
sealed-tube tests, to determine the effects of air
and water, are presentsd. Hose permeability
with the refrigerant alone and with the reiriger-
ant-lubricant mixtures, lubricity test using pin
and v-block (Falex machine) tests, and swell
tests with elastomers are described. The elas-
tomers tested include three nitriles, epichioro-
hydrin, two neoprenes, a chlorosulfonated poly-
ethylene, and a chiorinated polyethylene. The
basic finding is that the combination of R-134a
and PAGs is workable.

S. G. Sundaresan and W. R. Finkenstadt (Copeland
Corporation), Polyalkylene Glycol and Polyol
Ester Lubricant Candidates for Use with HFC-
134a In Refrigeration Compressors, paper AN-92-
5-3 (Winter Meeting, Anaheim, CA, January 1992),
Transactions, American Soclety of HHeating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 98, part 1, pages 796-803,
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1992 (8 pages with 4 figures and 6 tables, RDB-
2103)

This paper addresses polyalkylene glycol (PAG)
and ester lubricants for use with R-134a in
refrigeration compressors, with emphasis on lu-
bricity and materials compatibility. The PAGs in-
clude diols (having two free hydroxyl groups),
monoethers (one hydroxyl group), and end-
capped PAGs (no free hydroxyl groups). The
esters include dibasic (DBE), penta erythritol
(PE), trimethylolpropane (TMP), and neopentyl
glycol (NPG). Properties of 17 PAG and 22 es-
ter candidates are presented along with misci-
bility profiles for five of them. Sealed-tube test
results are tabulated for four lubricants with
metals (aluminum, stainless steel, and copper),
magnet wire enamel, epoxy, PET film and fiber,
polyamide (nylon 6/6), polyimide, polyetherke-
tone (PEK), chloroprene o-ring, and nonas-
bestos (nitrile binder with clay silicate filler) gas-
ket material. Hygroscopicity and wear from life
testing, in semihermetic reciprocating-piston
compressors, are summarized. While the exact
cause-and-effect mechanisms leading to failure
of a connecting rod in one test and wrist pin
distress in others have not been established,
noticeable differences are reported for the sev-
eral lubricants. The results indicate that end-
capped PAGs and PEs are viable candidates.
Esters are preferred over PAGs for retrofit due
to their miscibility with hydrocarbon lubricants
and compatibility with residual chlorine.

S. G. Sundaresan and W. R. Finkenstadt (Copeland
Corporation), Degradation of Polyethylene Ter-
ephthalate Films in the Presence of Lubricants
for HFC-134a: A Critical Issue for Hermetic Mo-
tor Insulation Systems, International Journal of
Refrigeration, Paris, France, volume 14, number 11,
November 1991, pages 317-320 {4 pages with 3
figures and 2 tables, RDB2202)

An investigation of polyethylene terephthalate
(PET) embrittiement mechanisms with lubricants
is summarized. PET is widely used as an insu-
lating material in motors for hermetic com-
pressors. The paper reviews related studies and
summarizes both the experimental approach
and findings. Degradation was measured after
thermal-aging In sealed tubes at 130, 150, and
175 °C (168, 302, and 347 °F) for 7, 14, and 28
days. The effects of drying the PET fim and lu-
bricants were evaluated. Three polyalkylene
glycols (PAGs) were studied including monol,
diol, and end-capped (modified) polypropylene
glycols. A penta erythritol (PE) ester and a
blend of PAG-monol and PE-ester also were in-
vestigated. All five lubricants were ISO 32 (150
SUS) viscosity for use with R-134a. The effects
of moisture content, temperature, and lubricant
structure were examined. The results were
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compared to those of PET in R-12 with mineral
oll. The study confirmed earier findings that
PET fiims must be dried, to less than 0.1%
moisture content by weight, to minimize embrit-
tlement by moisture. Residual water in the PET,
even after drying, may exceed ten times that
contributed by the lubricant and has a greater
effect. The extent of embrittiement increases
with the number of free hydroxyl groups in
PAGs, and neither the monol nor diol was found
to be acceptable. The end-capped PAG and
ester lubricants showed no adverse reaction
with dried PET film.

S. G. Sundaresan and W. R. Finkenstadt, Evalua-
tion of Polyalkylene Glycol Candidates with
HFC-134a in Refrigeration Compressors, pre-
sentation charts (ASHRAE Annual Meeting, Van-
couver, BC, Canada, June 1989), Copeland Corpo-
ration, Sidney, OH, June 1989 (25 pages with 2 fig-
ures and 7 tables, available from JMC as RDB0529)

Misclibility is shown for 55-100% R-134a with
four unidentified polyalkylene glycol (PAG) lu-
bricants (150-180 SUS). Compatibility of the re-
frigerant-polyglycol mixtures with metals, motor
materials, and structural polymers are qualita-
tively presented. The metals include copper,
aluminum, and stainless steel. The motor mate-
rials include two magnet-wire insulations (epoxy
co2‘ed and polyester enamel overcoated with
polyamide-imide), a polyethylene terephthalate
(PET) slot liner, and an unspecified lead wire in-
sulation. The structural polymers Include a
chloroprene seal, nonasbestos gasket (nitrile
binder and clay silicates as filler), nylon 6/6,
polyetherketone (PEK), and polyimide. Effects
of the refrigerantubricant mixtures on com-
pressor durability were quantitatively reported
for test conditions of break-in, normal load,
start/stop, high load, high compression ratio,
and flooded start.

Polyglycol Sealed-Tube Tests, Carrier Corpora-
tion, Syracuse, NY, September 1989 (1 page with 1
table, available from JMC as RDB0021)

A table compares tests of R-12 and R-134a with
two polyalkylene glycol (PAG) lubricants (Nip-
pon RS680 and Glygoyle 11). No decomposi-
tion was detected for R-134a with either oil. R-
12 decomposition was reported at 75-90% with
the two lubricants.

Elastomer Compatibility with HFC-134a: Ex-
perimental Details, report NIST-1, Freon(R) Prod-
ucts Laboratory, E. |. DuPont de Nemours and
Company, Incorporated, Wilmington, DE, undated
circa 1989 (2 pages with 2 tables, available from
JMC as RDB0531)

Compatibility tests of elastomers with R-134a
and a naphthenic mineral oll (Witco Suniso(R)



Refrigerant Database¢

5GS) are summarized. Duplicate samples o’
two neoprene W samples, National O-Ring and
Parker, were exposed for 18 days. Lengths and
weights were measured before exposure, im-
mediately after removal, and after storage in
ambient air for an additional 15 days. No color
change or particulate residue were noted.
Temporary and final linear swelling by 4.43-
5.76% and 3.074.37% was measured. Weight
changes of -0.77 to +1.86% were noted upon
removal, but they nhanged to -3.71% to -1.01%
after drying.

Compatibility of Elastomers with HFC-134a at
About 25 °C, report NIST-2, Freon(R) Products
Laboratory, E. I. DuPont de Nemours and Com-
pany, incorporated, Wilmington DE, 17 July 1989
(15 pages with 13 tables, avaiible from JMC as
RDB(532)

A broad range of elastomers were tested to
compare compatibility with R-134a to that with
R-12. The tests were performed at approxi-
mately 25 °C (77 °F), for consistency with his-
teric data. The influences of the refrigerant were
mieasured after immers:on for 27 days and again
after 14 days of dryinJ in air. Length, weight,
Shore A hardness, appearance and physical
properties are tahulated, the last based on qual-
itative observations for stretching, bending,
squeezing, and flexing. The elastomers tested
were Uniroyal Adiprene(R) |, Buna N, Buna S,
Butyl(T™M) rubber, DuPont Hypalon(R) 48, natural
ruober, neoprene W, hidrocarbon rubber
(DuFont Nordel(R), silicone, polysulfide rubber
{Thiokal(R) FA), and flucroelastomer (DuPont Vi-
ton(R A). For R-134a, Adiprene L, Buna N,
Butyl(TM) rubber, DuPont Hypalon(R) 48, natural
rubber, neoprene W, and Nordel(R) were judged
to be preferrad and Thickol® FA rec-
ommended, but not preferred. For R-12,
Adiprene L, Buna N, and DuPont Hypalon(R) 48
were preferred, and neoprene W, Nordel(R),
Thiokol(R) FA recommended, but not at the
preferred level. Buna S, silicone, and Viton A
were not recommended for either R-12 or R-
134a.

Compatibility of Elastomers with HFC-134a,
document ARTD-5, E. I. DuPont de Nemours and
Company, Incorporated, Wiimington, DE, 7 No-
vembsr 1989 (16 pages, available from JMC as
RDB0538)

Compatibility of [H]FC-134a wiith Refrigeration
System Materials, report NIST-4, Freon(R) Prod-
ucts Laboratory, E. |. DuPont de Nemours and
Company, Incorporated, Wilmington, DE, 14 De-
cember 1976 (7 pages with 3 tables, available from
JMC as RDB0534)
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The Compatibility of Polymaric / Elastomeric
Materials with "Kiea"(TM) 134a and Polyalkylene
Glycol (PAG) Based Lubricants, technical note 1,
ICl Americas Incorporated, New Castle, DE, USA,
August 1990 (8 pages with 5 tables, RDB2515)

Test results are tabuiated to summarize
changes ir. weight, volume, length, thickness,
strength, elongation to break, and hardness for
polymeric and alastomeric materials exposed to
refrigerants and lubricants for 14 days. These
tests are based on immersions at 130 °C (266
°F) with 50 ppm water for R-12 and mineral oil
and at 85 °C (185 °F) with 200 ppm water for R-
134a with Emkarox(R) RL 68 PAG. The materials
tested Iinclude chloroprene (chiorinated iso-
prene, neoprene W), chiorinated rubber
(neoprene), ethylene propylene diere monomer
(EPDM), fiuorinated propylene monomer (FPM)
copolymer, FPM terpolymer, hydrogenated ni-
trile (HN) rubber N grade, HN rubber E grade,
HN butyl rubber, HN green rubber, natural rub-
ber, nitrile butyl rubber (Buna(™) N), butadiene-
acrylonitrile copolymer (Buna(T™™) N), nylon 6/6,
poly butyiene terephthalate (PBT), PBT with
10% glass, polyether ether ketone (PEEK), poly
ether sulfone (PES 75), polyethylene terephtha-
late (PET), polyimide 75 (IC! Upilex(R R), poly-
imide 50 (ICl Upilex(R) S), polyimide (DuPont
Kapton(R)), poly phenyl sulfone (PPS), and fluo-
rinated copolymer of vinylidene fluoride and
hexafluoropropylene (DuPont Viton(R)). Addi-
tional data are provided for R-134a and four
PAGs (Emkaro: P RL) for EPDM, natural, and
nitrile rubbers a. well as for nylon, and Viton.
These lubricants include a monol PAG 1SO 22
with 65 ppm water, modified PAG ISO 22 with
165 ppm water, modified PAG ISO 32 with 190
ppm water, and modified PAG iSO 70 with 85
ppm water. The second set of tests were for
thermal aging at 130 °C (266 °F) for 14 days.
The experimental approach is briefly outlined.

The Compatibility of Polymeric / Elastomeric
Materials with "Klea"(TM) 134a and Ester Based
Lubricante, technical note 2, ICl Americas Incorpo-
rated, New Castle, DE, USA, August 1990 (6 pages
with 4 tables, RDB2516)

Test results are tabulated to summarize
changes in weight, volume, length, thickness,
strength, elongation to break, and hardness for
polymeric and elastomeric materials exposed to
refrigerants and lubricants for 14 days. These
tests are based on immersions at 130 °C (266
°F) with 50 ppm water for R-12 and mineral oil
and with 180 ppm water for R-134a with
Emkarate(TM) RL 32S (formerly RLE DE 184).
The materials tested Include chioroprene
(chiorinated isoprene, neoprene W), chlorinated
rubber (neoprene), ethylene propylene diene
monomer (EPDM), fluorinated propylene
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monomer (FPM) copolymer, FPM terpolymer,
hydrogenated nitrile (HN) rubber N grade, HN
rubber E grade, HN butyl rubber, HN green
rubber, natural rubber, nitrile butyl rubber
(Buna(™} N), butadiene-acrylonitrile copolymer
(Buna(™) N), nylon 6/6, poly butylene tereph-
thalate (PBT), PBT with 10% glass, polyether
ether ketone (PEEK), poly ether sulfone (PES
75), polyethylene terephthalate (PET), polyimide
75 (ICl Upilex(R) R), polyimide 50 (IC! Upilex{R)
S), polyimide (DuPont Kapton(R)), poly phenyl
sulfone (PPS), and fluorinated copolymer of
vinylidene fluoride and hexafluoropropylene
(DuPont Viton(R)). Additional data are provided
for R-134a and Emkarate(T™M) RL 15S (formerly
RLE DE 212) with 180 ppm water for EPDM,
natural, and nitrile rubbers as well as for nylon,
PBT, and Viton. The experimental approach Is
briefly outlined.

Compatibility of Nonmetallic Materials with Re-
frigerants and Lubricants, IC! Chemicals and
Polymers Limited, Runcorn, Cheshire, UK, 16 May
1989 (3 pages with 1 table, available from JMC as
RDB0004) :

A table suinmarizes the swell (dimensional
change) and wveight gain of various elastomeric
and plastic ma‘erials immersed in R-134a. The
materials incluoxd Buna(T™), Butyl(™), DuPont
Hypalon(R), NBR, Garlock neoprene, nitrile, ni-
triie Dunlop, nylon, Ollite and M229 rubber as-
bestos, polyetheretherketone (PEEK), Polypen-
co Nylatron, polytetrafluoroethylene (PTFE),
Reinz Thermolit K, terylene braid, and fluoroe-
lastomer (DuPont Viton(R)). Quantitative results
are presented for refrigerant-lubricant mixtures
with 10% polyalkylene glycol (PAG); the lubri-
cants, ranging In viscosity from ISO 33 to 120,
are not specifically identified. Some results also
are given with 100% refrigerant.

Copper Plating in R-134a Systems, technical note
5, ICl Americas Incorporated, New Castle, DE,
USA, August 1990 (4 pages, RDB2518)

This document discusses copper plating, for-
mation of a fiim of metallic copper on one or
more areas of the compressor. Observations
are compared for R-134a and synthetic lubri-
cants to those for R-12 and mineral oll. The
mechanisms are identified as copper dissolu-
tion, transport, and deposition. High occur-
rence traditionally has been regarded as being a
property of poorly refined oils (via their high
oleo-resin contents, which are rch in het-
eroatoms). The high heteroatom contents of
esters and PAGs suggests greater inherent ag-
gression towards copper and its alloys, leading
to greater dissolution and a relatively high equi-
librium copper content in the oil. This would not
in itself lead to higher copper plating in the ab-
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sence of an effective deposition route. Limited
experience and published reports of copper
plating are discussed. Whereas R-134a has
been shown to be chemically and thermally
more stable than R-12 and does not react with
ester or PAG lubricants, no copper plating was
observed in sealed tube tests. A number of anti-
wear additives for synthetic lubricants are cor-
rosive toward copper, but noncorrosive altema-
tives have been identified. Inhibiting the disso-
lution stage, rather than use of chelation com-
pounds to sequester the copper once in solu-
tion, and thereby inhibit its deposition, appears
to be the most satisfactory approach. ‘Waell
known copper passivators, such as benzotria-
zole (BTA), benzothiazole (BTZ), and 2-mer-
captobenzothiazole (MBT2Z) have been exam-
ined. To date, it has proved possible to elimi-
nate copper plating in systems utitizing ester lu-
bricants.

Disassembly and Inspection of Compressor in
Laboratory Refrigerator Charged with R-134a,
report NIST-13, E. I. DuPont de Nemours and
Company, Incorporated, Wilmington, DE, undated
(40 pages with 50 figures and 3 tables, available
from JMC as RDB0309)

This report documents a detalled inspection of a
hermetic compressor, operated for 8.7 years
with R-134a and a polyalkylene glycol (PAG) lu-
bricant, Union Carbide UCON LB-525. An un-
modified Frigidaire refrigerator was charged
with R-134a In November 1977, but the com-
pressor failed a month later. The failure analysis
was not located, but the cause is believed to
have been a manufacturing defect. The com-
pressor was replaced and the refrigerator re-
turned to service in July 1978; it operated with-
out incident until March 1987. The refrigerator
was functioning normally when shut down for
compressor disassembly, to determine the long-
term effects of this refrigerant-oil system. This
report provides a photographic record of the
disassembly, summarizes detailed chemical and
metallurgical analyses, and includes profilome-
ter readings to evaluate the effect of slight cop-
per plating on steel bearing surfaces. A hard-
ened steel vane spring, which broke when
dropped, had been severely fatigued during
service. The polyethylene slot liner insulation
showed embrittiement, but was not analyzed.
Very limited refrigerant decomposition was
found, and the report concludes that R-134a use
had very little effect on the metal parts of the
compressor. Particles trapped in the oil pro-
duced slight scars on metallic contact surfaces.
The molecular sieve drier contained 5% residual
water, compared to a saturation value of 19-
20%. Unanswered questions remain concern-
ing the refrigerant-lubricant stability; addition of
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an oil stabilizer or use of a different oll ma: be
indicated.  General Electric Company and
Tecumseh Products Company assisted in dis-
assembling the compressor and interpreting the
visual evidence. Further examination of the
desiccant used, Union Carbide molecular sieve
type 4A-XH-6, is reported in document RDB-
0003.

Current Development Status of HFC-134a for
Automotive Air Conditioning, document ARTD-2,
E. I. DuPont de Nemours and Company, Incorpo-
rated, Wilmington, DE, undated (16 pages, avail-
able from JMC as RDB0536)

UL 984 Tests with R-134a and Qils, Carrier Cor-
poration, Syracuse, NY (1 page with 1 tabie, avail-
able from JMC as RDB(0017)

A table summarizes UL 984 tests of motor mate-
rials aged at 110 °C (230 °F) for 60 days. Con-
trol results are compared to those after separate
exposures to R-12 mixed with mineral oil (Witco
Suniso(R) 3GS) and R-134a mixed with the same
oil and with alkylbenzene oil (Zerol(R) 150).
Insulation failures (1 ma current leakage to
ground after 1 minute at 1.5 kV) and breakdown
voltages are reported. Results are summarized
for polyester-imide magnet wire, Dacron-
Valox(R) lead wire, DuPont Teflon(R) wire sleev-
ing, DuPont Mylar(R) end cap, Mylar-Dacron(R)
therm.osleeve, 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; current leakage failures resulted only for
the polyesterimide magnet wire.

R-141b

Isotron R-141b Foam Blowing Agent: Material
Compatibility, preliminary information bulletin, Elf
Atochem North America, Incorporated (provided by
the former Pennwalt Corporation), King of Prussia,
PA, May 139 (1 page with 1 table, available from
JMC as RU20519)

A table provides quantiiative and qualitative data
on weight change and swelling for common
elastomers, plastics, refrigerator liner materials,
and roofing membrane materials after a two-
week exposure to R-11 and R-141b. The elas-
tomeric materials include neoprene, Butyl(TM),
Buna(™) N, and fluoroelastomer (DuPont Vi-
ton(R)). The plastics and refrigerator liner mate-
rials include ABS polymer, FEP, Kynar PVDF,
polyethylene,  polypropylene,  polystyrene,
polytetrafiuoroethylene (PTFE), and polyvinyl
chloride (PVC). The ABS polymer, Buna N, Vi-
ton, and PVC materials exhibited much greater
swelling and weight gain after exposure to R-
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141b than to R-11. The other materials ex-
hibited results lower than, or comparable to, R-
11 after R-141b exposures.

R-142b

K. S. Sanvordenker, Materials Compatibility of R-

142b for Hermetic Units, Tecumseh Products

Company, Ann Arbor, MI, June 1989 (7 pages with

gof(ljgt):res and 5 tables, available from JMC as RDB-
2

Two figures compare the miscibility of R-142b
and R-22 with Capella B and Calumet R015
mineral nils. The miscibility of R-142b with Ze-
rol(R) 150 alkylbenzene lubricant also is dis-
cussed. Quantitative data on two magnet wire
insulations  (polyester-imide and polyester
enamel overcoated with amide-imide) with R-
142b and R-22 are given for refrigerant absorp-
tion, softening, blistering, and retained dielectric
strength. R-142b and R-22 effects on the core-
bond tensile strength of two unidentified sol-
vent-based epoxy-type vamishes also are pre-
sented. Additionally, swell tests of R-142b with
four elastomeric (neoprene, EPR, nitrile, and
fluoroelastomeric (DuPont Viton(R) B) o-rings
are given. In each investigation, R-142b exhib-
ited characteristics comparable to, or better
than, R-22.

R-24

R. G. Doerr, D. Lambert, R. Schafer, and D. Steinke
(The Trane Company), Stability and Compatibility
Studies of R-245ca, CHF,CF,CH,F, A Potential
Low-Pressure Retrigmn%, F?roceedings of the
International CFC and Halon Alternatives Confer-
ence (Washington, DC), Alliance for Responsible
CFC Policy, Ardington, VA, pages 147-152, Septem-
ber 1992 (6 pages with 1 figure and 4 tables, avail-
able from JMC as RDB2A10)

This paper reviews the selection of R-245 iso-
mers as low-pressure refrigerant candidates.
This series offers the highest number of hydro-
gen atoms without becoming flammable and,
therefore, the best potential among fiuoro-
propanes. R-245ca was selected for further ex-
amination, based on performance modelling
and its reported synthesis. Slightly lower effi-
ciency is expected compared to R-123. Physi-
cal and chemical properties are tabulated for R-
11, R-123, R-134a, and R-245ca for comparison.
R-245ca is expected to be nontoxic, and it is in-
dicated to be very similar to R-11 in terms of
molecular weight, boiling point, and critical
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temperature. Its ozone depletion potential
(ODP) is zero, but its 5.5 year atmospheric life-
time leads to a giobal 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 summarizes stability and
compatibility studies. Sealed-tube tests, with
and without lubricants, indicate that R-245ca is
extremely stable; no evidence of decomposition
was noted after 500 hours at 175 °C (347 °F).
Parr bomb compatibility tests with electric mo-
tor materials and elastomers showed lower re-
frigerant absorption than for‘R-11 and R-123.
The compatibility of R-245ca was found to be
very similar to R-134a toward both motor mate-
rials and elastomers; no degradation was found
for the materials tested. They included var-
nishes, slot liners, DuPont Mylar(R) sheet and
tape, Dacron-Mylar-Dacron(R) and DuPont No-
mex(® wedges, DuPont Dacron(R tape and
cord, and reinforced tape. The varnishes tested
included solvent epoxy (Sterding(R) U-475 EH),
100% solids epoxy (Stering(R) Y-833), and wa-
ter-borne epoxy (Schenectady Isopoxy(R) 800).
Weight, volume, and hardness change results
are tabulated for a proprietary, chloroprene, and
nitrile elastomers. The resuits suggest further
investigation of R-245ca as a potential refriger-
ant. Commercialization is not expected for a
number of years pending flammability, toxicity,
and other testing as well as development of a
competitive manufacturing process. [see RDB-
2A11 for presentation chans]

R. G. Doerr, D. Lambert, R. Schafer, and D. Steinke
(The Trane Company), Stability and Compatibility
Studies of R-245ca, CHF,CF,CH,F, A Potential
Low-Pressure Refrigeranzt, presentation charts
(International CFC and Halon Alternatives Confer-
ence, Washington, DC), September 1992 (4 pages,
available from JMC as RDB2A11)

This presentation reviews the selection of R-245
isomers as low-pressure refrigerant candidates.
This series offers the highest number of hydro-
gen atoms without becoming flammable and,
therefore, the best potential among fluoro-
propanes. R-245ca was selected for further ex-
amination, based on performance modelling
and its reported synthesis. Slightly lower effi-
ciency is axpected compared to R-123. Physi-
cal and chemical properties are tabulated for R-
11, R-123, R-134a, and R-245ca for comparison.
R-245ca is expected to be nontoxic, and it is in-
dicated to be very simiiar to R-11 in terms of
molecular weight, boiling point, and critical
temperature. Its ozone depletion potential
(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 presentation summarizes stabil-
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ity and compatibifity studies. Sealed-tube tests,
with and without lubricants, indicate that R-
245ca Is extremely stable; no evidence of de-
composition was noted after 500 hours at 175
°C (347 °F). Parr bomb compatibility tests with
electric motor materials and elastomers showed
lower refrigerant absorption than for R-11 and R-
123. The compatibility of R-245ca was found to
be very similar to R-134a toward both motor
materials and elastomers; no degradation was
found for the materials tested. They included
varnishes, siot liners, DuPont Mylar(R) sheet and
tape, Dacron-Myiar-Dacron(R) and DuPont No-
mex(R) wedges, DuPont Dacron(R) tape *and
cord, and reinforced tape. The vamnishes tested
included solvent epoxy (Sterling(R) U-475 EH),
100% solids epoxy (Sterling(R) Y-833), and wa-
ter-borne epoxy (Schenectady Isopoxy(R) 800).
Weight, volume, and hardness change results
are tabulated for a proprietary, chloroprene, and
nitrile elastomers. The results suggest further
investigatlon of R-245ca as a potential refriger-
ant. Commercialization is not expected for a
number of years pending flammability, toxicity,
and other testing as well as development of a
competitive manufacturing process. [see RDB-
2A10 for text)

N. D. Smith (U.S. Environmentai Protection
Agency, EPA), K. Ratanaphruks, M. W. Tufts, and A.
S. Ng, (Acurex Environmental Corporation), R-
245ca: A Potential Far-Term Alternative for R-11,
ASHRAE Journal, American Soclety of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, pages 19-23, February
1992 (5 pages with 3 tables, RDB3301)

This article summarizes tests and modeiling of
R-245, a candidate refrigerant to eventually re-
place R-11 and R-123. Thermophysical proper-
ties measurements are described. The results
and findings of performance modelling are
compared to data for R-11 and R-123; the effi-
ciency of R-245c¢a is indicated to be 3-4% lower
than for R-11. Flammability measurements
based on the ASTM E681-85 procedure ara de-
scribed. The flammability was found to be sen-
sitive both to the presence of moisture and the
ignition source. Lower and upper fammability
limits (LFL and UFL) of 7.0-14.4% are reported
at 30 °C (84 °F) for 43.5% relative humidity; the
fluid was nonflammable in dry air. Tests of mis-
cibility with two unidentified polyol ester (POE)
lubricants are discussed, indicating complete
miscibility, Insensitive to moisture content, for
-30 to +125 °C (-22 to 257 °F) for concentra-
tions of 10, 20, and 30% lubricant by weight.
Sealed-tube tests to gauge compatibility with
aluminum, copper, valve steel, fluoroelastomer
(DuPont Viton(R)), nitrile butyl rubber (Buna(™)
N), neoprene, DuPont Nomex(R), and DuPont
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Mylar(R) are desc:bed. Observations, resuits of
gas chromatography and infrared spectrometry,
acidity, weight change, and swell are summa-
rized. The paper indicates that R-245ca with a
POE lubricant is compatible with the metals
tested, Mylar, Viton; possibly compatible with
Buna N and Nomex; and incompatible with
neoprene. As a chlorine- and bromine-free
compound, R-245a is expected to have an
ozone depletion potential (ODP) of zero. Its at-
mospheric lifetime was estimated as 6.4 years
by measuring its reaction rate with atmospheric
hydroxyl radicals; its global warming potential
(GWP) was estimated to be one-third that of R-
134a. Very preliminary testing of acute inhala-
tion toxicity tests are outlined; no signs of con-
cern were identified at a concentration level of
993 ppm. The paper concludes that R-245ca
has been shown to be a good candidate for re-
placement of R-11 or R-123 in the far-term.

E-134

T. P. Gross, Sealed-Tube Tests — Grace Ether (E-
134), York International Corporation, York, PA, 28
March 1990 (2 pages with 3 tables, available from
JMC as RDB0904)

This memo summarizes sealed-tube tests to
compare the stability of R-114 and E-134 when
aged for up to 72 hours with several lubricants
at temperatures as high as 182 °C (360 °F). The
lubricants tested included York C, Zerol(R) 300
alkylbenzene, and UCON LB-165 polyglycol.
Aluminum, copper, and iron wires were included
as catalysts. E-134 was foun to be somewhat
less stable than R-114.

E-24

R. G. Doerr, R. Schafer, D. Lambert, and D. Steinke
(The Trane Company), Stability Studies of E-245
Fluoroether CF,CH,OCHF,, presentation at the
Intarnational CFC and Halon Alternatives Confer-
ence (Baltimore, MD), Alliance for Responsible CFC
Policy, Arington, VA, December 1991 (4 pages with
14 charts, available from JMC as RDB2811)

These presentation charts summarize an inves-
tigation into the use of E-245, a proposed low-
pressure refrigerant for centrifugal chillers. The
charts summarize properties of this fluid and
sealed-tube tests to determine its stability.
Tests in giass tubes, both with and without an
unidentified oil, resulted in violent explosions.
Tests of R-123 and E-245 with copper and iron
coupons in Parr bombs are presented, indicat-
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ing stable results. Repetition of the E-245 tests
with copper, iron, and glass coupons led to re-
actions. Analyses of the pressure build-up as
well as a gas chromatogram and quantitative
analysis o the reaction products are presented.
Further tests with glass are outlined to examine
the role of water, air, oxygen, and peroxide. The
charts note that E-245 can react autocat-
alytically with glass to produce high pressures,
hydrogen fluoride, and 2,2,2-trifuoroethyi ether
(a convulsant). This reaction is accelerated by
air (oxygen) and peroxide. The fraction of E-245
remaining after exposures at 121 °C (250 °F) for
14 days are tabulated to indicate the effects of
various materials. They included elastomers,
motor materials, copper, iron, water, glass-like
materials. Tests with copper, iron, and alu-
minum at 166 and 177 °C (330 and 350 °F) also
are presented. E-245 was found to be unstable
with fiberglass motor materials.

R-717 (ammonia)

G. D. Short (CPI Engineering Services, Incorpo-
rated), Refrigeration Lubricants Update: Synthet-
ic and Semi-Synthetic Oils Are Solving Problems
with Ammonia and Alternative Refrigerants,
Technical Papers of the 12th Annual Meeting (4-7
March 1990, Memphis, TN), International Institute
of Ammonia Refrigeration (IIAR), Washington, DC,
pages 19-53, March 1990 (36 pages with 12 figures
and 4 tables, available from JMC as RDB2203)

This paper reviews bench tests and field experi-
ence with synthetic lubricants. The first part ad-
dresses semi-synthetic, high-viscosity index
(HVI), hydrocracked lubricants for improved
performance with ammonia. These lubricants
also are referred to as "hydrocracked paraffinic
oils* and as "restructured, semi-synthetic lubri-
cants® to distinguish them from hydrogen fin-
ished oils, which contain more aromatic com-
ponents. The paper discusses the benefits of
these lubricants and briefly reviews case histo-
ries for two applications. Advantages cited,
leading to longer drain intervals, include good
thermal and chemical stability, lower mutual
solubility, low foaming and volatility, excellent
low-temperature fluidity, high viscosity, and
good demulsibility. The hydrotreating process
also removes nearly aill aromatics, including
carcinogenic poly nuclear aromatics found in
some lubricants. The second part addresses
polyalkylene glycols (PAGs) and esters in posi-
tive displacement compressors for R-134a and
refrigerant blends.  Previously documented
concerns with PAGs and low-viscosity, neopen-
tyl esters are outlined. A new complex ester,
which yields improved energy efficiency in
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screw compressors and superior miscibility with
R-22, is discussed. The composition of naph-
thenic, solvent-refined paraffinic, and hydroc-
racked paraffinic lubricants are tabulated for
comparison. Similar data are provided on oxi-
dation resistance and emulision characteristics.
Plots of viscosity and antioxidant level, as func-
tions of time in use, are provided for the lubri-
cants discussed. Solubility with ammonia,
volatility, and viscosity are plotted for the hydro-
cracked oils. The miscibility of two complex
esters are shown for R-134a, and the viscosity-
temperature relationships are graphically com-
pared for R-22 with a complex ester and a naph-
thenic oil. A figure compares the isentropic effi-
ciency of complex esters with R-22 to that for a
polyalphaolefin (PAO) lubricant for a range of
pressure ratios.

G. D. Short (CPI Engineering Services, Incorpo-
rated), Hydrotreated Oils for Ammonia Refriger-
ation, Technical Papers of the 7th Annual Meeting
(10-13 March 1985, San Antonio, TX), International
Institute of Ammonia Refrigeration (IIAR), Washing-
ton, DC, pages 149-176, March 1985 (28 pages
with 8 figures and 4 tables, available from JMC as
RDB2204)

Others

D. J. Bushouse, Degradation of Polyester Films
by Alcohols, ASHRAE Journal, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 3, number 9,
pages 61 ff, September 1961 (RDB2301)

J. F. Wilson, Etfect of Methanol on the Pertor-
mance of Polyester Film in Reciprocating Re-
frigeration Compressors, ASHRAE Journal, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, volume
10, number 1, pages 43 ff, January 1968 (RDB2205)

Blends

Azeotropes

Isotron 22/142b Blends for Refrigeration: Mate-
rial Compatiblility, preliminary information bulletin,
Elf Atochem North America, Incorporated (provided
by the former Pennwalt Corporation), King of Prus-
sia, PA, May 1989 (1 page with 1 table, available
from JMC as RDB0520)
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This bulletin summarizes the procedure and
findings for two-week exposures of selected re-
frigeration system materiais both to R-12 and to
a blend of R-22/R-142b (55/25). The materials
tested included copper wire, polyimide insula-
tion, and several plastics and elastomers. The
plastics included nylon (DuPont Zytel(R) 101),
polytetrafluoroethylene (PTFE), FEP, PVDF (Ky-
nar), PVC, low-density polyethylene, polypropyl-
ene, polystyrene, high-impact polystyrene, and
high-gloss ABS. The elastomers included neo-
prene, ButyllM), Buna(™) N, and fluoroe-
lastomer (DuPont Viton(R)). Swell (length in-
crease percentage), weight gain (percentage),
and appearance (including qualitative observa-
}logg on hardness and embrittiement) are tabu-
ated.

Zeotropes

D. J. Bateman, D. B. Bivens, R. A. Gorski, W. D.
Waells (DuPont Chemicals), R. A. Lindstrom, R. L.
Morse, and R. L. Shimon (Tecumseh Products
Company), Refrigerant Blends for the Automo-
tive Air Conditioning Aftermarket, paper 900216
(SAE International Congress and Exposition, De-
troit, Ml, 26 February - 2 March 1990), Society of
Automotive Engineers (SAE), Warrendale, PA,
February 1990 (14 pages with 12 figures and 8 ta-
bles, RDB2206)

Alternative Refrigerant Blends, E. |. DuPont de
Nemours and Company, Incorporated, Wilmington,
DE, ;989 (18 pages, available from JMC as RDB-
0530

Compatibility of Elastomers with the Ternary
Blends of HCFC-22/HFC-152a/CFC-114 and
HCFC-22/HFC-152a/HCFC-124, document ARTD
3, E. . DuPont de Nemours and Company, Incor-
porated, Wilimington, DE, 7 November 1989 (26
pages, available from JMC as RDB0537)

Ternary Refrigerant Blends, document ARTD-10,
E. |. DuPont de Nemours and Company, Incorpo-
rated, Wilmington, DE, undated (6 pages, available
from JMC as RDB0539)

Ternary Refrigerant Blends for the Automotive
Aftermarket, document ARTD-1, E. |. DuPont de
Nemours and Company, Incorporated, Wilmington,
DE, undated (12 pages, available from JMC as
RDB0535)

test results for R-22/152a/114 (36/24/40)
(blend KCD-9430) and R-22/152a/124 (36/24/
40) (blend KCD-9433) for automotive use; con-
cludes that the blends are not drop-in replace-
ments for R-12, but that technologies exist or
can be developed to accomplish retrofit while
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maintaining acceptable perfc:mance; topics
covered include ervironmental impacts; toxicity;
properties; flammabiiity; compatibility data for
hoses constructed of nylon, DuPont Hypalon(R)
48, nitrile; compatibility data for elastomers
including epichiorohydrin, neoprene, nitrile;
compatibility data for molecular-sieve desic-
cants; and solubility and lubrictty data for BVM-
100N, ldemitsu, and Mopar mineral oils and Ze-
rol(R) 500 alkylbenzene oils, the last with three
additives for the lubricity tests.

Sealed-Tube Stability Tests: Ternary Blends
(KCD-9430 and 9433), document ARTD-13, E. I.
DuPont de Nemours and Company, Incorporated,
Wilmington, DE, April 1990 (11 pages with 6 tables,
available from JMC as RDB0542)

LUBRICANTS

L. F. Albright and J. D. Lawler, Viscosity-Solubility
Characteristics of Mixtures of R-13B1 and Lubri-
cating Oils, ASHRAE Journal, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, pages 67-70, April
1959 (RDB2207)

L. F. Albright and A. S. Mendelbaum, Solubllity
and Viscosity Characteristics of Mixtures of Lu-
bricating Oils and Freon 13 and 115, Refrigerat-
ing Engineering, American Society of Refrigerating
Engineers (now merged into the American Soclety
of Heating, Refrigerating, and Air-Conditioning En-
gineers, ASHRAE), Atlanta, GA, volume 64, number
10, pages 37-47 and 106, October 1956 (RDB2208)

K. Azami, H. Hosol, and N. Ishikawa (Sanden Cor-
poration), Lubricant Screening for HFC-134a Car
Air Conditioning Compressor Reliability, paper
901735, Society of Automotive Engineers, Warren-
dale, PA, September 1990 (12 pages with 5 figures
and 11 tables, RDB2209)

C. M. Bosworth (Carrier Corporation), Predicting
the Behavior of Olls in Refrigeration Systems,
Refrigerating Engineering, American Society of Re-
frigerating Engineers (ASRE, now merged into the
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, ASHRAE), Atlanta, GA,
volume 60, number 6, pages 617-620 and 654-655,
June 1952 (7 pages with 12 figures and 5 tables,
RDB2503)

This paper discusses the solubility of lubricating
oils in refrigerants, absorption of refrigerants,
solvent effects on nonmetallic materials, and
stability of oils. Differences among paraffinic,
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intermediate, and naphthenic lubricants are dis-
cussed, and recommendations are presented
for selection of oll types for specific applica-
tions. Solubility curves are presented for R-12,
R-22, and R-114 in four oils. The paper notes
that the volumes of refrigerantdubricant mix-
tures do not necessarily correspond to the sum
of their separate volumes due to absorption;
data on increases and decreases are provided
for several examples.

R. C. Cavestri and J. Munk (Imagination Resources,
Incorporated), Measurement of Viscosity, Den-
sity, and Gas Solubility of Refrigerant Blends,
report DOE/CE/23810-11B, Air-Conditioning and
Refrigeration Technology Institute (ARTI), Arington,
VA, April 1993 (32 pages with 17 figures and 1
table, available from JMC as RDB3418)

This progress report summarizes a project to
measure the viscosity, density, and solubility of
four refrigerant blends as well as their compo-
nents using a single polyol ester lubricant. The
refrigerants include R-32/R-125 (60/40), R-
32/R-125/R-134a  (10/70/20), R-32/R-134a
(30/70), and R-125/R-143a/R-134a (44/52/4).
The report describes examination of four differ-
ent penta erythritol polyol esters including two
branched acids (Castrol Icematic(R) SW32 and
Henkel Emery(R) 2827a) and two mixed acids
(Emkarate(™M) RL 32S, formery RL 184, and
Mobil EAL(R) Arctic 224R). The second of the
four was chosen for the study based on liquid-
liquid miscibility and low influence on refrigerant
blend fractionation. An alkylbenzene (Shrigve
Zerol(R) 150) was introduced to examine aro-
matic properties toward miscibility. R-22 and R-
502 also were examined with a mineral oil
(Witco Suniso(R) 3GS) for comparison. Miscibil-
ity plots are provided for the four blends with
each of the ester and alkylbenzene lubricants
for compositions of 5, 25 and 60% lubricant. A
plot relates viscosity to temperature for R-22
and mineral oll for -20 to +125 °C (4 to 257 °F),
at pressures of 69-1720 kPa (10-250 psia) and 0-
60% refrigerant by weight. The viscosity and
solubilty of R-22 with mineral ok are plotted
against pressure for the isotherms in the same
rang?__s; and for R-502 at 40 and 70 °C (104 and
158 °F).

K. W. Cooper and A. G. Mount, The Eftect of Oil
Circulation on Compressor Capacity, ASHRAE
Journai, American Soclety of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, pages 39-42, October 1972 (RDB3322)

S. Corr, P. D. Guy, A. A, Lindley, F. T. Murphy, G.
Tompsett (ICI Chemicals and Polymers, Limited),
and T. W. Dekleva (ICl Americas, Incorporated),
The Effect of Miscibility on Performance of R-
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134a and Alternative Lubricants, seminar pre-
sentation at the ASHRAE Annual Meeting, (Indiana-
polis, IN), ICl Americas Incorporated, New Castle,
DE, USA, 24 June 1991 (20 pages with 24 charts,
RDB2521)

S. Corr (ICI Chemicals and Polymers, Limited),
Solubility and Miscibllity - Relevance to Klea (TM)
134a Refrigeration Systems, IC| Americas Incor-
porated, Wilmington, DE, USA, 8 February 1991 (11
pages with 8 figures, RDB2520)

This document explains the meaning and rele-
vance of solubility and miscibility within refriger-
ation systems. It notes that the solubility of re-
frigerant gas in the lubricant usually is an im-
portant lubricant feature. In general, lubricants
that display miscibility with the refrigerant liquid
over a wide range of conditions will also have
good refrigerant gas soiubilities, but the reverse
is not necessarily true. Aithough the solubility of
refrigerant gas in liquid lubricant is important in
determining the viscosity of fluid at the evapo-
rator outlet, other factors aiso are likely to have
an effect. An example is the lubricant structure
(e.g., polarity or hydrogen bonding). The vis-
cosity of the circulating liquid phase and the
velocity of the driving gas are the two most im-
portant considerations for lubricant return to the
compressor. Lubricant viscosity and the solu-
bility-related viscosity of the refrigerant-lubricant
mixture would be expected to govern lubricant
holdup, a measure of the lubricant quantity
avallable to interfere with heat transfer. Experi-
ence Indicates that the concentration of lubri-
cant in the liquid refrigerant phase is below 1%
over the majority of the evaporation process, so
lubricant miscibility actuaily does not appear to
be significant in determining oil holdup. Sepa-
rate liquid phases for the refrigerant and lubri-
cant will be present only over a very short length
of the evaporator. Plots and tabular data are
provided for low-temperature miscibility for ester
lubricants (Emkarate(™) RL) in R-134a. The
fraction of lubricant in refrigerant also is plotted
for the evaporator length.

G. Daniel, M. J. Anderson, W. Schmid, and M.
Tokumitsu (Mobil OH), Performance of Selected
Synthetic Lubricants in industrial Heat Pumps,
paper B3, Proceedings of the International Sympo-
sium on the Industrial Application of Heat Pumps
(University of Warwick, UK, 24-26 March 1982),
BHRA Fluid Engineering, Cranfield, Bedford, UK,
pages 41-53, 1982; republished in Journal of Heat
Recovery Systems, Pergamon Press Limited, UK,
volume 2, number 4, pages 359-368, 1982 (12
pages with 3 figures and 4 tables, RDB2210)

This paper reviews lubrication requirements at
high condensing temperatures (120-130 °C, 248-
266 °F), typical of those encountered In in-
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dustrial heat pumps. Potential limitations of
mineral oils are examined and physical data are
reviewed for synthetic lubricants, particulary
synthetic hydrocarbon fluids (SHF) of the poly-
alphaolefin type and selected polyglycols. Vis-
cosity, vapor pressure, and stability data are re-
viewed for selected synthetic lubricants with
halogenated refrigerants. The field results in
several instailations with R-12 and R-114 are ex-
amined, to document satisfactory operation un-
der the severe conditions encountered.

K. E. Davis and J. N. Vinci (Lubrizol Corporation),
Formulation of Polyol Ester Lubricants for'Use
with HFC Refrigerants, paper 1.3, Proceedings of
the International Seminar on New Technology of
Alternative Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Assoclation of Refrigeration (JAR), Tokyo, Japan,
pages 15-20, February 1983 (6 pages with 9 tables,
RDB3308)

K. E. Davis and J. N. Vincl (Lubrizol Corporation),
Effect of Additives in Synthetic Ester Lubricants
Used with HFC-134a Refrigerant, Proceedings of
the International CFC and Halon Alternatives
Conference (Washington, DC), Allilance for Re-
sponsible CFC Policy, Adington, VA, pages 125-
123. )September 1992 (9 pages with 5 figures, RDB-
2A08

This paper reviews tests of antiwear additives
with synthetic ester lubricants, for use with R-
134a in automotive and stationery compressors.
The lubricants addressed are polyol-carboxylic
acid condensation products. The additive
screening and tests focused on suitability for
wear protection of aluminum on steel, steel on
steel, and bronze on steel. The advantages of
R-12 lost in conversion to R-134a are outlined;
they include inherent antiwear properties, asso-
clated with formation of metal-chioride bound-
ary layers, and miscibility with mineral oils. The
R-134a advantages, specifically avoidance of
ozone depletion and high relative stability, also
are noted. A need for a balanced additive ap-
proach, respecting both protection of contact-
ing surfaces and low aggressivity toward copper
and aluminum design components, is cited.
The paper notes that the issue of copper plating
Is a selection constraint, in light of its promi-
nence with R-134a and use of polar, potentially
active lubricants. The paper reviews a screen-
ing protocol based on Falex pin and v-block
tests. Results are plotted for R-12 with mineral
oll, R-134a with the ester, and the latter pair with
six unidentified additive systems. The most
promising of the additive packages was further
tested with three polyol ester lubricants for vis-
cosities of 15-130 cSt. This additive is de-
scribed as carefully balanced for muiti-metai
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compatibility, namely sufficiently active for anti-
wear protection yet relatively inactive toward
aluminum and copper-containing components.
The findings of the compressor tests, including
visual examination for distress, deposit forma-
tion, and copper plating are reviewed. A figure
qualitatively compares the Falex and compres-
sor results. The figure show the Falex test to be
a good predictor, though it indicates greater
bronze-on-steei concern for the optimized addi-
tive than was experienced In the compressor
tests.

T. W. Dekleva (IC! Americas, Incorporated), Lubri-
cants for Use with R-134a in Domestic Appli-
ances, presentation at the International CFC and
Halon Alternatives Conference (Baltimore, MD), Al-
llance for Responsible CFC Policy, Ardington, VA,
Nove)mber 1990 (40 pages with 30 charts, RDB-
2524

F. Espinoux, G. Bardy, B. Constans, P. Sanvi, and
N. Genet (Eif Research Center, France), Lubricity
Evaluation for Lubricants Used in Refrigeration
with HFC-134a, Proceedings of the 1992 Inter-
national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 405-414, July 1992 (10 pages
with 6 figures and 3 tables, RDB2823)

D. J. Glova, High-Temperature Solublility of Re-
frigerants in Lubricating Oil, Transactions, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers, ASHRAE), Atlanta, GA, volume
90, part 2B, pages 806-825, 1984 (RDB2211)

B. D. Greig (Castrol Limited), Formulated Polyol
Ester Lubricants with HFC-134a: The Role of
Additives and Conversion of Existing CFC-12
Plant to HFC-134a, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Washington, DC), Alliance for Responsible CFC
Policy, Arington, VA, pages 135-145 September
1992 (11 pages with 3 figures and 3 tables, RDB-
2A09)

J. H. Grim, Lubrication Requirements for the Re-
frigeration and Alr-Conditioning Industry, Trans-
actions, American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 82, part Il, pages 567-571, 1976
(RDB2528)

P. E. Hansen (Danfoss-Flensburg GmbH, Ger-
many), On the Oil Selection Methodoiogy for
New Refrigerants for Small Hermetic Compres-
sors, paper 3.3, Proceedings of the International
Seminar on New Technology of Alternative Refrig-
erants — Lubricants and Materials Compatibility
(Tokyo, February 1983), Japanese Association of
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Refrigeration (JAR), Tokyo, Japan, pages 45-50,
February 1993 (6 pages with 3 figures and 3 tables,
RDB3312)

D. R. Henderson (Spauschus Assoclates, Incorpo-
rated), Solubility, Viscosity, and Density of Re-
frigerant-Lubricant . Mixtures, report DOE/CE/
23810-8F, Air-Conditioning and Refrigeration Tech-
nology Institute (ARTI), Adington, VA, January 1993
(20 pages with 8 figures and 9 tables, available
from JMC as RDB3207)

This interim report presents results of measure-
ments to determine the solubility (pressure),
viscosity, and density of refrigerant-lubricant
mixtures. It summarizes Initial findings for low
refrigerant concentrations (70, 80, 90, and 100%
lubricant by weight) for R-12 and R-22 with 1ISO
32 mineral oil (Witco Suniso(R) 3GS) and R-134a
with 1ISO 32 penta erythritol ester mixed acid
(Mobil EAL(R) Arctic 32) for 0-100 °C (32-212 °F).
The data have been reduced to engineering
form and are presented as Daniel Charts.
Scatter diagrams, overlain with curve fits, are
provided for R-12 with mineral oll. These dia-
grams lllustrate both the quality of data and ra-
tionale for the manner chosen to represent the
data. The regression equations and correlation
statistics are reported. Viscosity, pressure, and
density data are represented by Walther,
quadratic polynomial, and linear equations, re-
spectively. Measured data are tabulated for
each of the fluids. The report outlines work
performed for the project, lists the refrigerant-
lubricant pairs to be studied along with associ-
ated temperature ranges, and summarizes the
data reduction. 35 mixtures will ultimately be
tested over selected ranges of composition and
temperature.

H. G. Hirschberg (Gebriider Sulzer AG, Switzer-
land), Determining the Viscosity of Mixtures of
Mineral Oil and Refrigerants, Suizer Technical
Review, Winterthur, Switzerland, February 1964, re-
published in Modern Refrigeration, pages 711-713
(3 pages with 4 figures, RDB2501)

The viscosity of lubricating oils is substantially
lowered by dissolved hydrocarbons. Determi-
nation of viscosity for refrigerantubricant mix-
tures, therefore, is very important in equipment
and application design. The need is heightened
by variations in the hydrocarbon content, re-
lated to the origin of the crude oll used; and the
way in which it is refined. This paper outlines
calculation methods to determine the viscosity
based on ring analysis, mean molecular weight,
viscosity-temperature relation, and density. The
ring analysis determines the paraffins, cyclic
paraffins (naphthenic substances, and benzene
derivatives (aromatics) present in the oll. The
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molecular weight is a measure of the size of the
ol molecules. The viscosity index, or alternative
viscosity pole height, may be obtained from
manufacturer data. The paper discusses vis-
cosity equations developed by a number of in-
vestigators, including Arrhenius, E. R. Epperson
and H. L Dunlap, L. Grunberg and A. H. Nissan,
and H. Umstatter. It illustrates comparative re-
sults based on a mixture of R-114 and mineral
oil. It concludes that a modified version of the
Grunberg and Nissan equation Is useful for rep-
resenting and calculating the viscosities of re-
frigerant-lubricant mixtures.

D. F. Huttenlocher (Spauschus Associates, Incor-
porated), Chemical and Thermal Stability ot Re-
frigerant-Lubricant Mixtures with Metals, report
DOE/CE/23810-3B, Air-Conditioning and Refriger-
ation Technology Institute (ART!), Arington, VA, 10
July 1992 (64 pages with 37 figures and 24 tables,
available from JMC as RDB2802)

This interim report presents stability data, based
on sealed tube tests, for mixtures of refrigerants
and lubricants in the presence of a valve steel
strip. Tabular resuits are presented for R-22
with mineral oil, R-124 with alkylbenzene, R-
134a with three penta erythritol esters (PEs), R-
142b with alkylbenzene; R-143a with PE
branched acid, and R-152a with alkylbenzene.
Partial results are provided for eight additional
refrigerant-lubricant mixtures, including those
containing R-11, R-32, R-123, R-125, and R-134.
The information provided includes visual obser-
vations on the aged sealed tubes and gas
chromatographic analyses on their vapor-phase
contents. Chloride ion contents are provided
for hydrochlorofiuorocarbon (HCFC) containing
mixtures and fluoride ion contents for hydrofiuo-
rocarbon (HFC) mixtures. Total acid number
values and infrared analyses are presented for
mixtures containing ester lubricants. The min-
eral oils tested were Witco Suniso(R) 3GS (ISO
32) and Freezene Naphthenic Heavy white oil
(1SO 46). The alkylbenzene was Shrieve Zerol(R)
150. The polyalkylene glycols (PAGS) included
IC! Emkarox(R) polypropylene glycol butyl mo-
noether (ISO 32) and Dow Chemical P245 poly-
propylene glycol diol (ISO 22). The penta ery-
thritol esters (PEs) included Castrol Icematic(R)
SW32 branched acid, ICI Emkarate(™) RL
mixed acids, and Henkel Emery(R) 4078X (2928
ISO 100) 100 cSt. Most of the tests were re-
peated at three temperature levels, namely 150,
175, and 200 °C (221, 302, and 347 °F); addi-
tional tests were performed at 105 °C (221 °F)
when indicated. The preliminary findings indi-
cate that the HFCs tested are very stable and
did not undergo measurable chemical reactions
or thermal decomposition, even in the presence
of lubricants. The high-viscosity ester is the
only lubricant that showed significant signs of
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instability, based on decarboxylation of the ester
moiecule, especially at 200 °C (347 °F). All of
the HCFCs tested, possibly excepting R-22, are
less stable than the HFCs. Except for R-123,
however, they are no more reactive than R-12
under equivalent test conditions. While R-123 is
significantly more reactive, it offers a stability
improvement by a factor of ten over R-11.

D. F. Huttenlocher (Spauschus Associates, Incor-
porated), Chemical and Thermal Stability of Re-
frigerant-Lubricant Mixtures with Metals, Pro-
ceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. A. Tree and J. E. Braun, Purdue
Unlversity, West Lafayette, IN, volume 2, page 679,
July )1992 (1 page, available from JMC as RDB-
2813

D. F. Huttenlocher (Spauschus Associates, Incor-
porated), Chemical and Thermal Stability of Re-
frigerant-Lubricant Mixtures with Metals, report
DOE/CE/23810-2B, Air-Conditioning and Refriger-
ation Technology Institute (ARTI), Arington, VA, 31
March 1992 (28 pages with 11 figures and 12 ta-
bies, available from JMC as RDB2416)

This interim report summarizes stability data,
based on sealed tube tests, for mixtures of re-
frigerants and lubricants in the presence of a
valve steel strip. Tabular results are presented
for R-123 with mineral oil at 105, 150, and 175 °C
(221, 302, and 347 °F). The findings indicate
that prolonged exposures to temperatures ex-
ceeding approximately 150 °C (302 °F) lead to
rapid chemical deterioration, yielding R-133a
and R-143a as decomposition products. Pre-
liminary data, for tests at 150 and 175 °C (302,
and 347 °F), are presented for R-22 with a min-
eral oil (Witco Suniso(R 3GS), R-124 and R-
142b with an alkylbenzene (Zerol(R) 150), and R-
32, R-125, R-134a, and R-143a with penta ery-
thritol ester branched acid (Castrol Icematic(R)
SW32). Preliminary results also are presented
for R-134a with a higher-viscosity penta erythri-
tol ester (Henkel Emery(R) 2928 ISO 100). The
information provided Iincludes visual observa-
tions, chemical analyses, and E?: chro-
matograms with summary data indicating the
fraction of refrigerant that reacted. The prelimi-
nary results suggest that the seven refrigerant-
lubricant systems are very stable at the temper-
atures tested, and that further testing is needed
to define the upper temperature limits. [see
RDB2802 for update}

S. T. Jolley, The Performance of Synthetic Ester
Lubricants in Mobile Air-Conditioning Systems,
Lubrizol Corporation, Wickiiffe, OH, 1992 (14 pages
with 3 figures and 6 tables, RDB2C07)
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The publication reviews polyol ester chemistry
and the reactions of alcohol and carboxylic acid
to produce them. The variety of lubricants that
can be produced from neopentyiglycol (NPG),
glycerine (GLY), trimethylolpropane (TMP) and
pentaerythritol (PER) polyols (alcohols with
multiple hydroxyl reaction sites) is illustrated. A
table demonstrates the influence of the alcohol
type on viscosity and miscibility using the same
carboxylic acid. A second table shows that
when similar lubricants, with the same viscosity
are prepared, differences occur in miscibility
with R-134a. GLY and NPG fluids exhibit the
poorest and high solubility, respectively. Tabu-
lated results of sealed-tube tests of R-134a and
lubricant in the presence of iron, copper, and
aluminum show high thermal stability for a
number of polyol esters, generally superior to
that of R-12 with mineral oil. The more reactive
systems tended to be those with high water
content or residual carboxylic acid. Data are
presented on the same refrigerant-ubricant
pairs with addition of controlled amounts of
water, to examine hydrolytic stability. Resultant
increases in acid number are discussed, but
caveated that higher acid levels might occur
with additives Instead of the base lubricants
tested. A figure summarizes elastomer swell for
mineral oil as well as NPG, TMP, and PER esters
for NBR, H-NBR, EPDM, nitrile, neoprene, and
Butyl; the paper notes that further testing is
needed. It then discusses miscibility with min-
eral oil, a concern for retrofit of automobile air
conditioners with R-134a and esters. TMP and
PER esters are indicated to be fully compatible
with both residual R-12 and mineral oil. Com-
pressor tests are summarized, to address the in-
fluence of viscosity on durability and the role of
unidentified additives. The paper indicates that
equivalent performance to R-12 and mineral oil
can be obtained with polyol esters and appro-
priate additive packages. The paper concludes
that polyol esters appear ideal for use in
automobile air conditioner systems, and that
they can be tailored for specific needs.

S. T. Jolley, New and Unique Lubricants for Use
in Compressors Utlllziv R-134a Refrigerant,
Proceedings of the 1990 USNC /IIR-Purdue Refrig-
eration Conference and ASHRAE-Purdue CFC
Conference, edited by D. R. Tree, Purdue Univer-
sity, West Lafayette, IN, pages 145-152, July 1990
(8 pages with 1 figure and 5 tables, RDB2C06)

S. Komatsuzaki, Y. Homma, K. Kawashima, and Y.
itoh (Hitachi Limited), Polyalkylene Glycol as Lu-
Licant for HFC-134a Compressors, Lubrication
Engineering, Soclety of Tribologists and Lubrica-
tion Engineers (STLE), volume 47, number 12,
pages 1018-1025, December 1991 (RDB2212)
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S. Komatsuzaki and Y. Homma, Antiseizure and
Antiwear Properties of Lubricating Oils Under
Refrigerant Gas Environments, paper 90-AM-6C-
1 (45th Annual Meeting, Denver, CO, 7-10 May
1990), Society of Tribologists and Lubrication En-
gineers (STLE), May 1990; republished in Lubrica-
tion Engineering, STLE, volume 47, pages 193-198,
1991, May 1990 (RDB2213)

S. Komatsuzakl, T. Tomobe, and Y. Homma
(Hitachi Limited), Additive Effects on Lubricity
and Thermal Stabllity of Refrigerator Oils, Lubri-
cation Engineering, Soclety of Tribologists and Lu-
brication Engineers (STLE), volume 43, pages 31-
36, 1987 (RDB2423)

H. Kruse and M. Schroeder (Universitat Hannover,
Germany), Fundementals of Lubrication in Re-
frigeration Systems and Heat Pumps, ASHRAE
Journal, American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 26, number 5, pages 5-9, May
1984 (RDB3411)

J. L. Little, Viscosity of Lubricating Oil ~ Freon 22
Mixtures, Refrigerating Engineering, American So-
ciety of Refrigerating Engineers (now merged into
the American Society of Heating, Refrigerating, and
Air-Conditioning Engineers, ASHRAE), Atlanta, GA,
pages 1191-1195, November 1952 (RDB2214)

K. Mall, Mouolnrlchtdm'g‘ zur Ermittlung des
Dampfdruckes von Ol-Kiltemittel Gemischen
(Measuring Apparatus for Determination of the
Vapor Pressure of Oil-Refrigerant Mixtures), K4/-
tetechnik-Klimatisierung, volume 22, number 8,
pages 257 ff, 1970 (in German, RDB2502)

T. Matsuzaki and M. Akel (Calsonic Corporation),
The Friction and Wear Behavior in Refrigerant
Atmosphere, paper 2.2, Proceedings of the
International Seminar on New Technology of Alter-
native Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Assoclation of Refrigeration (JAR), Tokyo, Japan,
pages 27-32, February 1983 (6 pages with 13 fig-
ures, RDB3310)

Y. Natsume (Nippondenso Company, Limited),
Refrigerating Machine Laubricunis for New Re-
frigerant, paper 2.1, Proceuvdings of the Interna-
tional Seminar on New Technology of Alternative
Refrigerants — Lubricants and Materials Compati-
bility (Tokyo, February 1983), Japanese Assocla-
tion of Refrigeration (JAR), Tokyo, Japan, pages
21-26, February 1983 (6 pages with 11 figures and
1 table, RDB3309)

M. B. Pate, S. C. Zoz, and L. J. Berkenbosch (lowa
State University of Science and Technology), Mis-
cibilty of Lubricants with Refrigerants, report

piease see pages 5-8 for ordering information
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DOE/CE/23810-3C, Air-Conditioning and Refriger-
ation Technology Institute (ARTI), Adington, VA,
July 1992 (22 pages with 24 tables, available from
JMC as RDB2803)

This progress report summarizes the status and
initial data obtained from an Investigation of
miscibility of lubricants with refrigerants. Ex-
periments are being performed In two phases,
namely screening tests and preparation of mis-
cibility plots. Qualitative miscibility observations
are tabulated for R-32, R-125, R-134, R-134a, R-
142b, and R-143a with four lubricants. They in-
clude two penta erythritol esters, a mixed acid
(ICl Emkarate(TM) RL 22H, formerly RL 244) and
a branched acid (Castrol Icematic(Rl SW32),
and for two polyalkylene glycols (PAGs), a poly-
propylene glycol diol (Dow P425) and a poly-
propylene glycol butyl monoether (ICI Emka-
rox(R) VG32). These tests were performed for
three lubricant concentrations over a tem-
perature range of -50 to +60 °C (-58 to + 140 °F)
for R-32, R-125, R-134, and R-143a. The range
was extended to +90 °C (+194 °F) for R-134a
and R-142b. R-22, R-123, R-124, and R-152a will
be tested later. The refrigerant concentrations
varied due to the method of charging the test
cells, but future tests will provide data at nomi-
nal concentrations of 10, 50, and 95% by weight
for all of the combinations. Composition
changes as the density of the vapor decreases
and the vapor volume increases are discussed.
Minor problems with leakage and corrections
are described. Summary observations are pro-
vided for each refrigerant-lubricant combination.

M. B. Pate, S. C. Zoz, and L. J. Berkenbosch (lowa
State University of Science and Technology), Mis-
cibility of Lubricants with Refrigerants, Proceed-
ings of the 1992 International Refrigeration Confer-
ence — Energy Efficiency and New Refrigerants,
edited by D. R. Tree and J. E. Braun, Purdue Uni-
versity, West Lafayette, IN, volume 2, pages 681-
686, July 1992 (6 pages with 4 figures and 2 tables,
available from JMC as RDB2814)

H. M. Parmelee, Viscosity of Refrigerant-Oil Mix-
tures at Evaporator Conditions, Transactions,
American Society of Heating, Refrigerating, and Alr-
Conditioning Engineers (ASHRAE), Atianta, GA,
volume 70, pages 173-180, 1964 (RDB2215)

K. S. Sanvordenker (Tecumseh Products Com-
pany), Durability of HFC 134a Compressors —
the Role of the Lubricant, (proceedings of the
42nd Annual International Appliance Technical
Conference, University of Wisconsin, Madison, WI,
May 1991), reprint by Tecumseh Products Com-
pany, Tecumseh, MI, 1891 (8 pages with 2 figures
and 2 tables, RDB2218)
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Properties of polyalkylene glycol (PAG) and
polyol ester lubricants are examined, with em-
phasis on inherent thermal stability and suitabil-
ity for use with R-134a in refrigeration compres-
sors. The PAGs addressed include diols, mo-
noethers, ester-ethers, and diethers, all stabi-
lzed with 200 ppm BHT. Plots of hygroscopicity
and miscibility of PAGs with mineral oils are
provided. The decomposition kinetics, based
on sealed-tube tests, are tabulated. The effects
summarized include temperature (177-260 °C,
350-500 °F), presence of metals (steel, copper,
and aluminum) or R-134a, and PAG type.
Problems of hygroscopicity, incomplete rhisci-
bility with mineral oils, and incompatibility with
chlorinated solvents exist, but they can be han-
dled by proper housekeeping procedures. Lack
of thermal stabllity, even in the absence of met-
als, at 177-204 °C (350-400 °F) is identified as a
key shortcoming for the PAG candidates. The
effects of time, metal catalysts, and Initial mois-
ture are tabulated for polyol esters, again at ele-
vated temperatures (204-260 °C, 400-500 °F).
Penta erythritol tetra ester Is emphasized due, in
part, to its better miscibility with R-134a com-
pared to other neopentyt esters. Decomposition
also was observed, but only in the presence of
steel. A metal passivator specific to steel was
found to provide a simple remedy.

K. S. Sanvordenker (Tecumseh Products Com-
pany), Mechanism of Oil-R12 Reactions — thes
Role of Iron Catalyst in Glass Sealed Tubes, pa-
per 2881, Transactions, American Society of Heat-
ing, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atianta, GA, volume 91, part 1A, pages
356-369, January 1985 (14 pages with 7 figures and
1 table, RDB2217)

This frequently cited paper presents the chem-
istry of oil and R-12 reactions in sealed-tube
tests in detall. The paper reviews the mecha-
nisms postulated in earller publications [see
RDB2326 and RDB2526] and observations
based on infrared absorbance. The paper con-
cludes that iron acts as a participant in the re-
action, rather than as a catalyst. Large amounts
can be solubilized, and the process of solubi-
lization begins early. The iron-oil molecule and
R-12 react with the glass; this reaction also
starts much earller than previously indicated.
The reaction forms boron-hydro?en and sllicone
fluorine compounds, while precipitating out the
solubilized iron. Based on gas analysis by in-
frared, a criterion is defined to identify the entry
of glass in sealed-tube reactions. The paper
traces through the postulated reactions and ex-
periments conducted, to identify actual reac-
tions by elimination of participating materials.
Based on the finding that reactions involving
glass start at an early stage In systems contain-
ing R-12, oil, and steel, data in prior publications
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that show large amounts of reaction products
need to be reexamined.

K. S. Sanvordenker (Tecumseh Products Com-
pany), Lubrication by Oil-Refrigerant Mixtures:
Behavior in the Falex Tester, paper KC-84-14-3,
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 90, part 2, pages 799-805,
June 1984 (7 pages with 2 figures and 3 tables,
RDB2422)

The effects of test parameters, with reference to
the fundamentals of boundary lubrication, are
discussed for Falex pin and v-block tests. Such
tests are widely used by equipment man-
ufacturers and lubricant suppliers to simulate
lubrication in refrigerant compressors and to
screen refrigeration lubricants. When modified
to provide a closed, pressure-tight chamber, the
Falex machine permits laboratory simulation of
lubricants in hermetic compressors. The paper
review fundamental theories of boundary lubri-
cation and wear to explain laboratory data that
may appear to be anomalous. |n doing so, the
paper explains that trouble-free operation of
hermetic compressors under high-oil dilution
conditions of liquid feedback has been simu-
lated. The unanticipated result is explained on
the basis of dissipation of frictional heat from the
rubbing surfaces. The behavior of additive-free
lubricants Is described and compared to that
with antiwear additives, such as tricresyl phos-
phate (TCP).

K. S. Sanvordenker and M. W. Larime (Tecumseh
Products Company), A Review of Synthetic Oils
for Refrigeration Use, Transactions, American So-
clety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, volume 78, par
2, 1972; republished in symposium bulletin NA-72-5
(ASHRAE Annual Meeting, Nassau, Bahamas),
June 1972 (6 pages with 1 table, RDB2218)

B. H. Shoemaker, Synthetic Lubricating Oils, /n-
dustrial Engineering Chemistry, volume 42, number
12, page 2414, 1959 (RDB2219)

G. D. Short and T. E. Rajewski (CPI Engineering
Services, Incorporated), Lubricants for Use With
Highly Fluorinated Refrigerants, Technical Pa-
pers of the 15th Annual Meeting (21-24 March
1993, Vancouver, BC, Canada), International Insti-
tute of Ammonia Refrigeration (IIAR), Washington,
DC, pages 139-169 as misnumbered, March 1993
(31 pages with 4 figures and 6 tables, RDB3410)

This paper provides an update on lubricants for
use with hydrofluorocarbon (HFC) refrigerants
and HFC blends. It also summarizes evalua-
tions of several synthetic lubricants and the
tests necessary to insure that a lubricant will
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provide expected durability and parformance
with refrigerants. The paper identifies near-term
alternatives for common chlorofluorocarbon
(CFC) refrigerants, and provides tabular sum-
maries of both candidate refrigerants and rec-
ommended lubricant types for use with R-22, R-
23, R-123, and R-134a. The paper describes the
derivation, applications, characteristics, and ex-
perience with several lubricants. They include
polyol ester (POEs), polyalkylene glycols
(PAGs), modified PAGs, diesters, PAG esters,
carbonates, fluoroethers, fluorosilicones, and
alkylbenzenes. Tables provide recommended
viscosity ranges for different compressor types,
refrigerant-ubricant miscibility data for R-22 and
replacement  candidates, lubricity findings
(based on Falex pin-and-vee-block tests) for
ester lubricants and mineral oil with steel on
steel, and the effects of additives on lubricant
stability. The paper discusses miscibility, vis-
cosity dilution, lubricity tests, chemical and
thermal stability, and compatibility of refrigerant-
lubricant combinations with other materiais.
Four figures illustrate the viscosity-temperature-
pressure relations for R-22 with a 32 ISO alkyl-
benzene, R-134a with a 68 ISO PAG, R-134a
with a 68 ISO POE, and R-134a and R-12 with a
46 ISO POE. The paper briefly cites findings
with retrofits and field experience of PAGs and
POESs, and notes that neither are sultable for use
with R-717 (ammonia). The paper concludes
that POEs appear to be the choice for HFCs
and dialkyl benzenes with HCFC-123 and
HFC/HCFC blends. It notes that POEs are
preferred over PAGs for retrofit due to their mis-
cibility and their compatibility with residual chlo-
ring.

G. D. Short (CPiI Engineering Services, Incorpo-
rated) and R. C. Cavestri (Imagination Resources,
Incorporated), High-Viscosity Ester Lubricants
for ARternative Refrigerants, paper AN-92.5-2
(Winter Meeting, Anaheim, CA, January 1992),
Transactions, American Soclety of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE%,
Atlanta, GA, volume 98, part 1, pages 789-795,
1992) (7 pages with 3 figures and 5 tables, RDB-
2102

This paper describes the development of high-
viscosity (1ISO 68 and above), modified polyol
ester lubricants and their interactions with re-
frigerants. Typical properties are presented for
11 conventional and modified penta erythritol
(PE) esters, including several di- and tri-PEs, as
well as for a modified trimethyloipropane (TMP)
ester. Data are reported with R-123, R-134a, R-
152a, E-134, and E-245. The apparatus used to
measure viscosity and density is described. The
viscosity of a modified, high-viscosity ester with
R-134a is presented for evaluation of the hydro-
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dynamic lubrication and sealing of compression
areas. Chemical and thermal stability and lu-
bricity test results are provided for durability
considerations.

G. D. Short (CPlI Engineering Services, Incorpo-
rated) and R. C. Cavestri (Imagination Resources,
incorporated), Selection and Performance of
Synthetic and Semi-Synthetic Lubricants for Use
with Alternative Refrigerants in Refrigeration
Applications, Proceedings of the 1990 USNC/IIR-
Purdue Refrigeration Conference and ASHRAE-
Purdue CFC Conference, edited by D. R. Tree,
Purdue University, West Lafayette, IN, pages 163-
172, July 1990 (10 pages with 10 figures, RDB2220)

G. D. Short (CP! Engineering Services, incorpo-
rated), Synthetic Lubricants and Their Refrigera-
tion Applications, (paper 83-AM-7A-1, 44th Annual
Meeting, Atlanta, GA, May 1989), Lubrication Engi-
neering, Society of Tribologists and Lubrication
Engineers (STLE), volume 46, number 4, pages
239-247, April 1990 (RDB2221)

This paper reviews the requirements and use of
synthetic fluids as lubricants for refrigeration
systems. R-12, R-13, R-22, R-114, R-134a, R-
502, R-503, propane (R-290), and ammonia (R-
717) are addressed. Requirements are dis-
cussed for thermal and chemical stability, mis-
cibility, solubility, and viscosity. Failure mecha-
nisms including improper viscosity, dilution, loss
or breakdown of lubricant, fallure of hydrody-
namic lubrication, foaming, and starvation re-
lated to solubility and miscibility characteristics
are reviewed for rotary screw, reciprocatin

piston, and rotary vane (both fixed and rotating
compressors. Petroleum-based, including both
naphthenic and high-viscosity index (HVI)
paraffinic mineral oils, and synthetic lubricants
are discussed. The synthatics are grouped as
polyaiphaolefin (PAO), alkylbenzene, and poly-
alkylene glycol (PAGs) synthetic hydrocarbon
(SHC) oils. They also include esters such as di-
esters (or dibasic acid esters), neopentyl (or
polyol) esters, and modified complex esters.
The chemical structures and characteristics of
these lubricants are reviewed, and viscosity and
miscibility plots are provided for representative
refrigerant-jubricant systems. Typical properties
are tabulated for complex esters of ISO 150 and
320 viscosity. The unique requirements for R-
134a, propane (R-290), and ammonia (R-717)
are outlined, concluding that the synthetic lubri-
cants described offer a major contribution for
system advancement.

H. W. Sibley (Carrier Corporation), Oif Foaming
Characteristics — The Forgotten Design Param-
eter with HFC-134a, paper 5.4, Proceedings of the
International Seminar on New Technology of Alter-
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native Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Association of Refrigeration (JAR), Tokyo, Japan,
pages 101-104, February 1993 (4 pages with 5 fig-
ures, RDB3319)

This paper addresses differences In interactions
between R-134a with synthetic lubricants and
chloroflucrocarbons (CFCs) with mineral olls.
The discussion notes the importance of refriger-
ant-lubricant solubllity for oil return to the com-
pressor. The consequent role of the refrigerant
as a lubricant contaminant, and specifically re-
duction in viscosity and hydrodynamic lubrica-
tion, is examined. The effect of rapid refrigerant
vapor release, called foaming, is explained. A
plot compares the vapor pressure of R-134a in a
polyol ester (POE) to R-12 in a mineral oil (MO)
at 27 and 79 °C (80 and 174 °F) with 10-70% re-
frigerant. The nature of the resultant foams are
characterized, that for R-12/MO as a stable
froth and that of R-134a/POE as an unstable or
quick breaking foam. Comparative foam
heights are plotted and contrasted for oil-rich
conditions, as In compressor crankcases, and
oil-lean conditions, as in evaporators of cen-
trifugal chillers.  Significant differences are
noted for the former. Desorption dynamics of
the two refrigerant-lubricant pairs are discussed
and plotted under driving temperature differ-
ences of 37 and 171 °C (67 and 308 °F). R-134a
is shown to desorb more rapidly at common
thermal gradients. The paper concludes that
vapor-venting needs to be aitered in R-134a
compressors. While the change zan be readily
dealt with in new designs, the difference iIn
venting must be considered in equipment con-
versions, The paper notes a need to examine
effects of different foaming characteristics on
heat transfer.

L. I. Sjéholm (Teknikgruppen AB) and G. D. Short
(CPI Engineering Services, Incorporated), Twin-
Screw Compressor Performance and Complex
Ester Lubricants with HCFC-22, Proceedings of
the 1990 International Compressor Engineering
Conference at Purduse, edited by W. Soedel, Pur-
due University, West Lafayette, IN, pagyes 724-732,
July 1990 (9 pages with 8 figures, RDB2222)

L. I. Sjéholm (Teknikgruppen AB) and G. D. Short
(CPI Engineering Services, Incorporated), Twin-
Screw Compressor Performance and Suitable
Lubricants with HFC-134a, Proceedings of the
1990 International Comprassor Engineering Con-
ference at Purdue, edited by W. Soedel, Purdue
University, West Lafayette, IN, pages 733-740, July
1990 (8 pages with 7 figures (RDB2223)

H. O. Spauschus, D. R. Henderson, and D. F. Hut-
tenlocher (Spauschus Assoclates, Incorporated),
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Boundary Lubrication Properties of Alternative
Working Fluids, paper 3.1, Proceedings of the
Intenational Seminar on New Technology of Alter-
native Refrigerants — Lubricants and Materials
Compatibility (Tokyo, February 1983), Japanese
Association of Refrigeration (JAR), Tockyo, Japan,
pages .3-38, February 1983 (6 pages with 7 figures
and 2 tables, RDB3311)

H. O. Spauschus, D. R. Henderson, and R. Rohat-
ghl (Spauschus Assoclates, Incorporated), SAE
Cocperative Research Program: HFC-134a Lu-
bricant Study, Final Report, Society of Automotive
Engineers (SAE), Warrendale, PA, 6 November
1992 (130 pages with 105 figures and 49 tables,
RDB3107)

H. O. Spauschus (Georgia Institute of Technology)
and L. M. Speaker, A Review of Viscosity Data for
Oil-F=zfrigerant Solutions, Transactions, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, volume
93, part 2, pages 667-681, 1987 (RDB2224)

H. O. Spauschus (Georgia Institute of Technology),
Evaluation of Lubricants for Refrigeration and
Air-Conditioning Compressors, T7ransactions,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Eng.neers (ASHRAE), Atlanta, GA,
volume 90, part 2, pages 784-798, 1984; repub-
lished in ASHRAE Journal, volume 26, nurnber 5,
pages 5¢ ff, 1984 (RDB2225)

H. O. Spauschus (General “lectric Company), Va-
por Pressures, Volumes, and Miscibility Lizaits
of Refrigerant 22-Oil Solutions, Transuctions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
1964 (RDB2226)

H. O. Spauschus (General Electric Company),
Thermodynamic Properties of Refrigerant-Oil
Solutions: Dichlorodifluoromethane (R-12) and
Petroleum Qil, ASHRAE Journal, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, pages 63 ff, August
1963 (RDB2227)

L. M. Speaker and H. O. Spauschus (Georgia In-
stitute of Technology), A Study to Increase the
State-oi-the-Art Solubility and Viscosity Rela-
tionships for Oll-Refrigerant Mixtu:es, final report
for 444-RP, American Socliety of Heating, Refriger-
ating, and Air-Conditioning 'Sngineers (ASHRAE),
Atlanta, GA, 20 February 197/ iR0B2504)

Y. Tanaka, H. Kawachi, C. Takata, H. Kubota, and
7. Makita (Kobe Uriversity}, Solubility of 1,1,1,2-
tetrafiuoroethane (R-134a) in Refrigeration Oils,
Proceedings of the Second Asian Thermophysical
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Froperties Conference, pages 375-379, 1989 6
ggge;x with 6 figures, available frorn JMC as RDB-
11

This paper discusses the solubility of R-134a in
lubricants at temperatures of 303-363 K (86-194
°F) and pressures up to 2.5 MPa (360 psia). It
describes sxperimental apparatus, procedures,
and calculations to determine solubility. The fu-
bricants tested inclirded a naphthenic mineral oil
(Witco  Suniso(R)  4GS), perfluoropolyethe.
(Daikin Demnum(R) S-65), polyethylene glyco:
(Wako), and polypropylene glycol (Wako). R-
134a was found to be completely miscible with
the perflucropolyether, partially miscible with
the two polyglycols, and almost immiscible with
the :gphthenic oil. Solubility plots are pre-
sented.

R. H. P. Thomas and H. T. Pham (AlliedSignal In-
corporated), Solubility and Miscibility of Envi-
ronmentally Safer Refrigerant-Lubricant Mix-
tures, paper AN-92-5-1 (Winter Meeting, Anaheim,
CA, January 1992), Transactions, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 98, part 1,
pages 783-788, 1992 (6 pages with 9 figures and 1
table as RD82101)

Solubility and miscibility data are presented for
R-134a with two polyalkylene glycol (PAG) lu-
bricants (AP-150 and AP-500) and three modi-
fled PAGs (BRL-150, BRL-300, and BRL-500).
Solubility was determined by measuring the
equilibrium vapor pressure of mixtures of 10-
90% refrigerant (by weight) in the lubricants for
10-70 °C (50-158 °F). Miscibility was determined
by visual observation »f a sealed sample im-
mersed in a thermostated bath for a range of
60 to +70°C (-76 to +158 °F). Differences in
miscibility curve characteristics are contrasted
to mineral oils. The paper examines occurrence
of lower critical solution temperatures (LCSTs).
Similarities of refrigerant-oil systems to solvent-
polymer solutions are addressed, leading to
correlations of the solubility data using the
Flory-Huggins theory. While further analysis is
indicated, Flory-Huggins type plots allow de-
dustion of composition in a refrigerant-iubricant
system, given the temperature and pressure and
assuming equilibrium.

R. H. P. Thomas, R. P. Robinson, R. H. Chen, and
W-T. Wu (AlliedSignal Incorporated), The Solubility
of R-32/125 in Modified Polyalkylene Giycols,
Proceedings of the International CFC and Halon
Alternatives Conference (Baltimore, MD), Alliance
for Responsible CFC Policy, Adington, VA, pages
375-383, December 1991 (9 pages with 2 figures
and 2 tables, RDB2228)
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This paper provides solubility data on a mixture
of 60.32% R-32 and 39.68% R-125, by weight,
with two synthetic lubricants. This nonsegre-
gating refrigerant blend Is proposed as a candi-
date replacement for R-22 in medium- and high-
temperature applications, with evaporator tem-
peratures of -23t0 4 ° G (-10 to +40 °F). The lu-
bricants examined were a modified polyalkylene
glycol (PAG) and a PAG diol, BRL-150 and
AP150 respectively. Tests also were made with
mineral oils and alkylbenzene lubricants, but the
refrigerant mixture was found to be immiscible
with them. By contiast, the refrigerant was
found miscible in the two PAGs from 60 to at
least +55 °C (-76 to +131 °F). The same lubri-
cants also are suitabie for use with R-134a. The
miscibility of the refrigerant-lubricant mixture
was determined by sealing samples in ther-
mostated glass tubes and visually observing the
contents. The solubility was studied by deter-
mining the equilibrium vapor pressure at con-
stant compaositions as a function of temperature.
The experimental apparatus and procedure is
descrihed. Measured vapor-pressures are tab-
ulated, compared to earlier data, and extrapo-
lated using Flory-Huggins theory. The relative
pressure is tabulated at different temperatures
for fixed fractions of iubricant by volume for ver-
ification. Plots are provided for both pressure
and relative pressure versus volume fraction of
lubricant, from 0.0 to 1.0, for R-32/125 in the
modified PAG. The text observes that the solu-
bility for the PAG diol Is of the same order.

R. H. P. Thomas, W-T. Wu, and H. T. Pham
(AlliedSignal Incorporated), The Solubility and
Viscosity of Mixtures of R-134a with Modified
Polyglycols, paper 48, proceedings of the XVllith
international Congress of Refrigeration (Montreal,
Québec, Canada, August 1991), International In-
. stitute of Refrigeration, Paris, France, August 1991
(9 pages with 7 figures, RDB2229)

The solubilities and viscosities of mixtures of R-
134a with two modified polyalkylene glycol
(PAG) lubricants are reported. The piston-cylin-
der type viscometer and apparatus for measur-
ing solubility are described The solubllity of R-
134a in BRL-150 (a 150 SUS experimental lubri-
cant) is plotted for 10-70 °C (50-158 °F) in con-
centrations of 0-100%. Its viscosity in BRL-150
and BRL-300 (300 SUS) is plotted both as func-
tions of temperature for -20 to +80 °C (4 to 176
°F) and pressure. Analysis of the solubility
shows that it can be described by the Flory-Hu-
gins theory.

R. H. P. Thomas, W-T. Wu, and H. T. Pham
(AlliedSignal Incorporated), Solubility and Viscos-
ity of R-134a Refrigerant-Lubricant Mixtures,
ASHRAE Journal, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
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(ASHRAE), Atlanta, GA, pages 37-38, February
1991 (2 pages with 3 figures, RDB2230)

N. A. Van Gaalen, S. C. Zoz, and M. B. Pate (lowa
State University of Science and Technology), The
Solubility and Viscosity of Solutions of R-502 in
a Naphthenic Oil and in an Alkylbenzene at High
Pressures and Temperatures, paper 3519 (580-
RP), Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 97, part 2, pages
285-292, 1991 (8 pages with 14 figures and 2 ta-
bles, RDB2344)

N. A. Van Caalen and M. B. Pate, Methods of
Measuring the Solubility and Viscosity of Lubri-
cating Oil/Refrigerant Mixtures, report ISU-ERI-
Ames-91191 (ASHRAE 580-RP), lowa State Univer-
sity of Science and Technology, Ames, IA, 199:
(RDB2345)

N. A. Van Gaalen, M. B. Pate, and S. C. Zoz (lowa
State University of Sclence and Technology), The
Measurement of Solubility and Viscosity of
Qil/Refrigerant Mixtures at High Pressures and
Temperatures: Test Facility and Initial Resuits
for R-22/Naphthenic Qil Mixtures, Transactions,
American Society of Heating, Refrlgerating. and Alr-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 96, part 2, pages 183-190, 1990 (RDB2231)

N. A. Van Gaalen, M. B. Pate, and S. C. Zoz (lowa
State University of Science and Te<hnology), The
Solubility and Viscosity of Solutions of HCFC-22
in Naphthenic Oill and in Alkylbenzene at High
Pressures and Temperatures, Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 96, part 2, pages 100 ff, 1990 (RDB2232)

G. van der Waal (Unichema Chemie BV), The Re-
lationship Between the Chemical Structure of
Ester Base Fluids and Their Infiuence on Elags-
tomer Seals, and Wear Characteristics, Journal
of Synthetic Lubricants, volume 1, pages 280-301,
1985 (22 pages with 20 figures and 4 tables, RDB-
2233)

M. J. Zion, Lubricating Olis for Refrigeration Sys-
tems, Technical Papers of the Eighth Annual
Meeting, International Institute of Ammonia Refrig-
eration (IIAR), Washington, DC, pages 137-154,
1986 (RDB3340)

Boundary Lubrication of Ternary Blends (KCD-
9430 and 9433), document ARTD-12, E. |. DuPont
de Nemours and Company, Incorporated, Wilm-
ington, DE, undated (3 pages, available from JMC
as RDB0541)
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This document summarizes a study to deter-
mine the lubricity of a 150 SUS viscosity alkyl-
benzene (Shrieve Zerol(R) 150) lubricant with
two developmental refrigerants, KCD-9430 and
KCD-9433. Both are ternary zeotropic blends,
R-22/R-152a/R-114 (36/24/40) and R-22/R-
152a/R-124 (36/24/40), respectively. Measure-
ments were made using a modified Falex pin
and v-block test machine, with refrigerant. bub-
bled through the lubricant; the test procedure Is
outlined. Failure loads are tabulated for the
lubricant alone, with R-12 for comparison, and
with the two blends. Data are provided for the
neat lubricant, with two unidentified additives,
and with both additives together. The docu-
ment concludes that the alkylbenzene lubricant
with additives provides acceptabie lubrication
with either blend. The refrigerant-lubricant mix-
tures were deemed suitable for further com-
pressor durabllity testing.

Measurement of Solubility, Viscosity, and Den-
sity of Synthetic Lubricants in HFC-134a Mix-
tures, research project 716-RP, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, September 1991 -
October 1992 (ASH0716)

This project addresses the gas solubility (refrig-
erant concentration), density, and viscosity of R-
134a in solutions with synthetic lubricants. - The
pressures and temperatures for these determi-
nations will range from 70 to 3450 kPa (10-500
psia) and -25 to 125 °C (-13 to 257 °F). The
contractor for the project is Imagination Re-
sources, Incorporated, led by R. C. Cavestri; it is
sponsored by Technical Committees 3.4, Lubri-
cation, and 8.1, Positive Displacement Com-
pressors.

Methods of Measuring the Solubility and Vis-
cosity of Lubricating Oil-Refrigerant Mixtures at
High Discharge Pressures and Temperatures,
research project 580-RP, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neer§ (ASHRAE), Atlanta, GA, June 1988 (ASH-
0580

The contractor for the project was lowa State
University of Science and Technology, led by M.
B. Pate. The project was sponsored by Tech-
nical Committees 3.4, Lubrication, and 8.1, Pos-
itive Displacement Compressors. [see RDB-
2344 and RDB2345 for findings]

Oils for Alternative Refrigerants, document
ARTD-11, E. |. DuPont de Nemours and Company,
Incorporated, Wilmington, DE, undated circa 1990
(4 pages, available from JMC as RDB0540)

This bulletin reviews the properties desired in
developmental lubricants, including acceptable
solubility, lubricity, stability, compatibility, toxic-
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ity, and cori. Test resuits are reported for non-
proprietar; oils with ternary zeotropic blends
and for proprietary lubricants with R-134a. The
solubility of four unidentified polyalkylere gly-
cols (PAGs) with different viscosities, covering
appliance through automotive applications, are
plotted for mixtures with R-134a. Their phase
separation indicates incomplete solubllity, as
contrasted to full solubility for mineral oils used
with R-12. Implications on flow, heat transfer,
and oil return are briefly mentioned. The resuits
of stability tests with aluminum, copper, and
steel coupons are tabulated for R-12 with both
naphthenic and paraffinic minerai oils and for R-
134a with a PAG. One test with nylon also pre-
sent is included. The resulits indicate that the R-
134a and PAG system has acceptable stability.
Plans for ongoing and future tests are noted.
Solubility and lubricity tests for mineral oils and
alkylbenzenes with ternary zeotropic blends,
comprising R-22/R-152a/R-114 (36/24/40) and
"-22/R-152a/R-124 (36/24/40), are briefly re-
viewed. They indicate that the mineral oils did
not meet solubility goals. The blend and alkyl-
benzene systems did not perform favorably
without additives, but responded well with addi-
tion of extreme pressure (EP) additives already
used In air-conditioning and refrigeration sys-
tems. Chemical stability test resuits are tabu-
lated for two paraffinic and one naphthenic min-
eral oils and an alkylbenzene lubricant (all
unidentified) with R-12 and the two zeotropes.
Qualitative findings are presentec for liquid
color, effect on metals, and copper plating;
quantitative data are included for chioride and
fluoride lon content. The bulletin concludes that
the blend/alkylbenzene combination is more
stable than R-12/mineral oii systems and that
the blend containing R-124 (KCD-9433) is more
stable than that containing R-114 (KCD-8430).
Further test needs are briefly summarized.

Real Time Determination of Lubricant Concen-
trations Dissolved in Alternative Refrigerants,
proposed research project 761-TRP, American So-
ciety of Heating, Refrigerating, Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, in planning
(ASHO761)

This project will evaiuate three means of mea-
suring the concentration of lubricants circulating
in refrigeration systems. The apparatus to be
addressed include a viscometer, a densimeter,
and an acoustic velocity sensor. The project is
a follow-up to a prior project, Real Time Deter-
mination of Concentration of Oil Dissolved in
Refrigerant Flow Stream Without Sample Re-
moval (365-RP, see ASHO0365), completed in
January 1988. Three alternative refrigerants will
be evaluated, Including R-123, R-134a, and a
third to be determined. Each will be tested with
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two lubricants in concentrations of 0-6% at tem-
peratures representative of condenser outlets,
namely 24-49 °C (75-120 °F). This project is
sponsored by ASHRAE Technical Committee
1.2, Instruments and Measurements. Further
information is available from the ASHRAE Man-
ager of Research (+ 1-404/636-8500).

Solubility of R-123 and R-134a in Oils, Carrier
Corporation, Syracuse, NY, September 1989 (3
pages with 3 figures, available from JMC as RDB-
0014)

Two figures summarize the solubility of R-123
with Mobil DTE 26 .and Mobil DTE Heavy
Medium mineral oils for -29 to -23 °C (-20 to -10
°F). Critical solution temperatures are shown for
solutions of 70-95% R-134a in unidentified 300
and 750 SUS polyglycol lubricants.

Solubility of Refrigerant in Lubricants: HFC-
134a, report NIST-3, Freon(R) Products Laboratory,
E. |. DuPont de Nemours and Company, Incorpo-
rated, Wilmington, DE, undated circa 1989 (3 pages
with 2 tables, available from JMC as RDB0533)

Solubility data for R-134a are presented for a
range of lubricants based on tests run from -50
to +93 °C (-58 to 199 °F). Mixtures of 30, 60,
and 90% refrigerant by weight were tested with
the lubricants in air-free sealed tubes. Solubility
was determined, following a minimum of 15
minutes with agitation at each temperature; the
blends were considered immiscible when they
acquired and retained schiieren lines, formed
floc, or formed two liquid layers. The lubricants
include a polychiorotrifiuoroethylene (Halocar-
bon blend 700/95-6.7/93.3 500 SUS), four per-
fluorinated poly alkyl ether oils (Krytox(R) GPL
150 and 480 SUS and Fomblin(R) Y 25/5 and Z-
15, both 417 SUS), and Daikin Demnum(R) S-65
300 SUS), dipenta erythritol esters of fatty acids
(Hercules 240 and 280 SUS), PEG esters of fatty
acids (CP! Engineering 144, 620, and 830 SUS),
naphthenic oils (Witco Suniso(®) 5GS 500 SUS
38% aromatic, Witco 500 SUS and two experi-
mental oils at 520 SUS 47% aromatic and 529
SUS 75% aromatic), paraffinic oil (BVM-100N
500 SUS), three alkylbenzenes (Zerol(®) 300
SUS, Conoco DN6B0O 125 SUS, and Nippon Oil
Atmos HAB15F 78 SUS), and three silicone oils
(Union Carbide L-45 163, 231, and 462 SUS).

Study of the Segregation or Fractionation of Re-
frigerant Blends in Contact with Lubricants and
Measurement of Viscosity, Solubility, and Den-
sity, proposed research project 779-TRP, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, in plan-
ning (ASH0779)

This project will measure the solubility, viscosity,
and density of refrigerant blends comprising
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hydrofluorocarbons (HFCs) with a representa-
tive lubricant. An additional objective is to de-
termine the influence, if any, of the lubricant on
segregation and fractionation of the refrigerant
mixtures. R-32/134a (30/70), R-32/134a
(70/30), and pure alone will be examined with a
32 I1SO polyol ester lubricant in compositions of
0-100%, vapor pressures of 70-2350 kPa (10-
500 psia), and 40 to 125 °C (40 to 257 °F). The
miscibility and composition, in the gas and lig-
uid phases (dissolved in the lubricant or as a
separate liquid phase), of the cited fluids and of
R-134a also will be measured. The resuits will
be plotted. This project is cosponsored by
ASHRAE Technical Committees 3.4, Lubrica-
tion, and 8.1, Positive Displacement Compres-
sors. Proposals are due at ASHRAE Head-
quarters by 28 May 1993; further information is
available from the ASHRAE Manager of Re-
search (+1-404/636-8500).

The Compatibility of Metals with “Klea"(TM) 134a
and Ester or PAG Based Lubricants, technical
note 3, ICl| Americas Incorporated, New Castle, DE,
USA, August 1990 (5 pages with 3 tables, RDB-
2517)

The corrosion rates of metals and comments on
their appearance are tabulated for selected
metals, following exposures to R-134a and two
lubricants for 14 days at 200 °C (392 °F). The
lubricants tested were DE184 (32 cSt at 40 °C
with 90 ppm water and DE214 (14 cSt at 40 °C
with 246 ppm water. The metals include cop-
per, 60/40 brass, OHFC copper, grade 12 cast
iron, aluminum (99.6%), and aluminum alloys
LM2 and LM24. Weight gain, indicating that the
lubricant has entered the porosity of the metals,
was observed for cast iron and the aluminum
alloys for lubricant DE184 and also for the alu-
minum for DE214. The report notes that chemi-
cal reaction of the metallic coupons is negligi-
ble. It suggests that the effect of corrosion
products due to tribological wear causes their
corrosion rather than a straight chemical attack.
The experimental approach is briefly outlined. A
table is provided to facilitate comparisons of
British Standard and ASTM designations, since
the test specimens were obtained according to
the former.
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THERMOPHYSICAL PROPERTIES

R-1

R-12

Thermophysical Properties of Refrigerants (R-
12, Dichlorodifiuoromethane), Japanese Associ-
ation of Refrigeration, Tokyo, Japan, August 1981
with errata dated 1986 (160 pages with 23 figures
and 90 tables in both Japanese and English, RDB-
0401)

This comprehensive volume summarizes critl-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
12. Included are tabular data and/or plots for
PVT properties, enthalpy, entropy, isobaric and
isochoric specific heat capacity, specific heat
ratio, speed of sound, surface tension, viscosity,
kinematic viscosity, thermal conductivity, ther-
mal diffusivity, Prandtl number, solubility, re-
fractive index, dielectric constant, volume resis-
tivity, and dielectric strength. A 32-term poly-
nomial equation of state is presented and com-
pared to other equations and data. Relations
also are presented for key equilibrium proper-
ties. Data are tabulated for the solubility of R-12
in water, moisture contents of saturated R-12
liquid and vapor, and R-12 in a naphthenic min-
eral oil. Data, including decomposition prod-
ucts by pyrolysis and hydrolysis rates, are pro-
vided on the stability of R-12 in the presence of
metals and oil. Linear swell, weight change, and
observations are provided for R-12 with plastics
including polytetrafiuoroethylene (PTEF), tetra-
fluoroethylene-hexafluoropropylene copolymer,
polyethylene, polyvinyl alcohol, polypropylene,
polyvinyichloride (PVC), polyvinylidene chloride,
nylon resin, acrylic resin (polymethacrylate),
polystyrene, phenolic resin, epoxy resin, acetal
resin, cellulose acetate, cellulose nitrate, acryl
fiber, and polyester fiber. Linear swell data are
tabulated for neat R-12, ofl, and a 50/50 mixture
with elastomers including neoprene W, neo-
prene GN, neoprene RT, Buna(TM) N, Buna(™)
S, natural rubber, polysulfide rubber, epichloro-
hydrin rubber, butyl rubber GR-l, chlorosulfo-
nated polyethylene (DuPont Hypalon(®) 40),
polyvinyt alcohol (PVA), fluoroelastomers
(DuPont Viton(R) A and B), and urethane rubber.
Published safety data, including toxicity and
flammability, are summarized. The volume
contains an extensive list of references as well
as discussion of the ranges and differences
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among property sources identified. An intro-
ductory section outlines conversions among
several metric systems, including SI, and inch-
pound units. An appendix summarizes quality
requirements for compliance with the Japanese
Industrial Standards (JIS) and specifically JIS
K1517-1973.

R-13B1

Thermophysical Properties of Refrigerants (R-
13B1, Bromotriflucromethane), Japanese Asso-
ciation of Refrigeration, Tokyo, Japan, March 1989
(162 pages with 25 figures and 50 tables in both
Japanese and English, RDB0402)

This comprehensive volume summarizes criti-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
13B1. Included are tabular data and/or plots for
PVT properties, enthalpy, entropy, isobaric and
isochoric specific heat capacity, specific heat
ratio, speed of sound, surface tension, viscosity,
kinematic viscosity, thermal conductivity, ti-or-
mal diffusivity, Prandtt number, solubility, re-
fractive index, dielectric constant, volume resis-
tivity, and dielectric strength. An equation of
state is presented and compared to other equa-
tions and data. Relations also are presented for
key equilibrium properties. Data are tabulated
for the solubility of R-13B1 in both a naphthenic
mineral oil and a synthetic polyglycol lubricant.
Limited stability and compatibiiity data are out-
lined. Published safety data, including toxicity
and flammability, are summarized. The volume
contains an extensive list of references as well
as discussion of the ranges and differences
among property sources identified. An intro-
ductory section outlines conversions among
several metric systems, including Sl, and inch-
pound units. An appendix addresses compli-
ance with the Japanese Industriai Standards
(JIS), noting that the quality of R-13B1 is not
covered; requirements for the quality of R-13B1
as a fire extinguishant, Halon 1301, under an
ordinance of the Ministry of Home Affairs are
summarized. R-13B1 also is regulated as a
“liquified gas" by the Japanese Regulation on
High-Pressure Gases.

R-22

K. Stephan and J. Blermann (Universitat Stuttgart,
Germany), Thermal Diffusivity Measurement of
Refrigerant 22 at Low Pressures Using the Pho-
toacoustic Effect, Proceedings of the 1992 Inter-
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national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 1, pages 149-156, July 1992 (8 pages
with 5 figures and 2 tables, RDB2716)

Thermophysical Properties of Refrigerants (R-
22, Chlorodifluoromethane), Japanese Associa-
tion of Refrigeration, Tokyo, Japan, November 1975
with errata dated 1986 (164 pages with 22 figures
and ;8 tables in both Japanese and English, RDB-
0403

This comprehensive velume summarizes criti-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
22. Included are tabular data and/or plots for
PVT properties, enthalpy, entropy, isobaric and
isochoric specific heat capacity, specific heat
ratio, speed of sound, surface tension, viscosity,
kinematic viscosity, thermal conductivity, ther-
mal diffusivity, Prandtl number, solubility, re-
fractive index, dielectric constant, volume resis-
tivity, and dielectric strength. An equation of
state is presented and compared to other equa-
tions and data. Relations also are presented for
key equilibrium properties. Published safety
data, including toxicity and flammability, are
summarized. The volume contains an extensive
list of references as weli as discussion of the
ranges and differences among property sources
identified. An introductory section outlines con-
versions among several metric systems, In-
cluding Si, and inch-pound units.

R-32

P. F. Mabrunot, P. A. Meunier, G. M. Scatena
(Laboratoire des Hauts Pressions, France), W. H.
- Mears, K. P. Murphy, and J. V. Sinka (AlliedSignal
Incorporated, then Allled Chemical Corporation),
Pressure-Voiume-Temperature Behavior of Di-
fluoromethane, Journal of Chemical and Engi-
neering Data, volume 13, number 1, pages 16-21,
January 1968 (6 pages with 3 figures and 7 tables,
RDB2310)

The pressure-volume-temperature (PVT) prop-
erties of R-32 are correlated using the Martin-
Hou equation of state to within +0.94% stan-
dard deviation over the experimental ranges:
25-200 °C (77-392 °F), 0.8-20 MPa (120-2900
psia), and 47-1.8 cc/g (0.75-0.03 cf/lb). Vapor
pressures have been determined from -83 °C (-
117 °F) to 78.4 °C (173 °F), the measured critical
temperature. Using liquid densities measured
between -25 and +78 °C (-13 and +172 °F) and
densities of saturated vapor computed from the
Martin-Hou equation, a rectilinear diameter line
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has been developed. The critical pressure and
density are 5.830 MPa (846 psia) and 430 kg/m3
(26.8 Ib/cf), respectively.

O. Z-Y. Qian, H. Matsunobe, H. Sato, and K.
Watanabe (Keio University, Japan), Thermody-
namic Property Measurements for Difluoro-
methane (HFC-32) by a Burnett Method, paper
B103, Proceedings of the Twelfth Japan Sympo-
sium on Thermophysical Properties, pages 73-76,
1991 (4 pages with 8 figures, RDB2428)

This paper summarizes measurements of vapor
pressures of R-32 at temperatures of 300-330 K
(80-134 °F) and compressibility factors for 300-
350 K (80-170 °F) and 0.15-4.3 MPa (22-624
psia). The experimental apparatus used, based
on a Burnett method, is briefly described. Sec-
ond and third virial coefficients for property cal-
culations are presented. A systematic error, re-
lated to an adsorption effect in the Burnett ex-
perimental procedure, and a and correction are
discussed.

R-11

Thermophysicai Properties of Refrigerants (R-
114, 1,2-Dichlorotetraftuoroethane), Japanese
Association of Refrigeration, Tokyo, Japan, March
1986 (162 pages with 23 figures and 46 tables in
both Japanese and English, RDB0404)

This comprehensive volume summarizes criti-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
114, Included are tabular data and/or plots for
PVT properties, enthalpy, entropy, isobaric and
isochoric specific heat capacity, specific heat
ratio, speed of sound, surface tension, viscosity,
kinematic viscosity, thermal conductivity, ther-
mal diffusivity, Prandti number, solubility, re-
fractive index, dielectric constant, volume resis-
tivity, and dielectric strength. An extended Mar-
tin-Hou equation of state is presented and com-
pared to other equations and data. Relations
also are presented for key equilibrium proper-
ties. Data are tabulated for the solubllity of R-
114 in water, moisture contents of saturated R-
114 liquid and vapor, and R-114 in both a
naphthenic mineral oil and a synthetic polyper-
fluoroether lubricant. Limited data on hydrolysis
rates, stability of R-114 in the presence of metals
and oil, and compatibility with other materials
are outlined. Published safety data, inciuding
toxicity and flammability, are summarized. The
volume contains an extensive list of references
as well as discussion of the ranges and differ-
ences among property sources identified. An
introductory section outlines conversions
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among several metric systems, including SI, and
inch-pound units. An appendix summarizes
quality requirements for compliance with the
Japanese Industrial Standards (JIS) and specifi-
cally JIS K1528-1982. R-114 also is regulated as
a "liquified gas" by the Japanese Regulation on
High-Pressure Gases.

R-123

L. A. Weber and J. M. H. Levelt Sengers (National
Institute of Standards and Technoiogy, NIST),
Critical Parameters and Saturation Densities of
1,1-Dichloro-2,2,2-Trifluoroethane, Fluid Phase
Equilibria, Elsevier Science Publishers B.V., Ams-
terdam, The Metherlands, volume 55, pages 241-
249, 1990 (9 pages, RDB(0915)

An optical cell has been used to determine the
critical parameters, T, and p., and densities
along the liquid-vapor phase boundary of R-123.
The critical temperature was found to be 456.87
K (363 °F) and the critical density Is 550 kg/ma3.
The critical pressure was calculated from vapor
pressure data to be 36.74 bar, which yields a
value of 0.269 for the critical compressibility
factor, Z.. Measurement temperatures varied
from 298 K (77 °F) to the critical point for the
saturated liquid and from 433 K (320 °F) to the
critical point for saturated vapor.

L. A. Weber (National Institute of Standards and
Technology, NIST), Vapor Pressures and Gas-
Phase PVT Data for 1,1-Dichioro-2,2,2-Trifluoro-
ethane, Journal of Chemical and Engineering
Data, American Chemical Society (ACS), volume
35, number 3, pages 237-240, July 1990 (4 pages
with 2 figures and 4 tables, RDB0910)

New data for the and gas-phase PVT surface of
R-123 in the temperature range 338-453 K (149-
356 °F) at densities up to 0.67 mol/L are pre-
sented. The data have been represented ana-
lytically to demonstrate the precision and to fa-
cilitate calculation of thermodynamic properties.

Genetron(R) 123, technical bulletin 646 (B-525-
646), AlliedSignal Incorporated, Morristown, NJ,
February 1993 (4 pages with 3 tables, RDB3452)

This bulletin supplies Information on R-123, de-
scribed as a replacement for R-123 in centrifugal
chillers. It provides physical property data, in
inch-pound (IP) units, including the chemical
formula, molecular weight, atmospheric boiling
point, corresponding heat of vaporization, and
critical parameters (temperature, pressure, and
density), lammability, and ozone depletion po-
tential. It also indicates the liquid density and
specific heats of the liquid and vapor at 30 °C
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(86 °F). It then presents a tabular comparison of
performance for R-11 and R-123. The report
provides tabular thermodynamic properties
(pressure, density, vapor volume, liquid and va-
por enthalpy and entropy, and latent heat of va-
porization) for -18 to 71 °C (0 to 160 °F). For-
mulae are provided to calculate thermodynamic
properties including vapor pressure, ideal gas
heat capacity, and liquid density correlations.
Estimated coefficients are presented for a Mar-
tin-Hou equation of state. AlliedSignal’s product
name for R-123 is Genetron(R) 123.

Thermodynamic Properties of HCFC-123 (2,2-
dichloro-1,1,1-trifluoroethane), technical informa-
tion report T-123—ENG (H-47753), DuPont Chemi-
cals, Wilmington, DE, January 1993 (40 pages with
1 flgt;re and 2 tables, available from JMC as RDB-
3422

This report provides thermodynamic property
data for R-123 in inch-pound (IP) units of mea-
sure. It provides physical properties including
the chemical formula, molecular weight, atmo-
spheric boiling point, and critical parameters
(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin (MBWR) equation of state and an
ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplies equations to calculate vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthaipy, and entropy as well as latent
heat of vaporization) for -101 to +183 °C (-150
to +362 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratio (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 7-3450
kPa (1-500 psia). The new tables are based on
experimental data from the National Institute of
Standards and Technology, NIST). The report
concludes with a pressure-enthalpy diagram.
DuPont’s product names for R-123 are Suva(R)
123 Refrigerant and Suva(R) Centri-LP Refriger-
ant.

Thermodynamic Properties of HCFC-123 (2,2-
dichloro-1,1,1-trifluoroethane), technical informa-
tion report T-123-Sl (H-47754), DuPont Chemicals,
Wilmington, DE, January 1993 (32 pages with 1 fig-
ure and 2 tables, available from JMC as RDB3423)

This report provides thermodynamic property
data for R-123 in metric (Sl) units of measure. It
provides physical properties including the
chemical formula, molecular weight, atmo-
spheric boiling point, and critical parameters
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(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin (MBWR) equation of state and an
ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplies equations to calculate vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthalpy, and entropy as well as latent
heat of vaporization) for -100 to +183 °C (-148
to +362 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratio (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 10-3600
kPa (1-520 psia). The new tables are based on
experimental data from the National Institute of
Standards and Technology, NIST). The report
concludes with a pressure-enthalpy diagram.
DuPont’'s product names for R-123 are Suva(R)
123 Refrigerant and Suva(R) Centri-LP Refriger-
ant.

R-124

H. Kubota, Y. Tanaka, T. Makita, H. Kashiwagl, and
M. Noguchi, Thermodynamic Properties of 1-
Chioro-1,2,2,2-Tetrafluoroethane (R-124), /In-
ternational Journal of Thermophysics, Plenum
Publishing Corporation, Brugge, Belgium, volume
9, pages 85-101, 1988 (RDB2332)

Thermodynamic Properties of HCFC-124 (2-
chloro-1,1,1,2-tetrafluoroethane), technical
information report T-124—ENG (H-47755), DuPont
Chemicals, Wilmington, DE, January 1993 (36
pages with 1 figure and 2 tables, available from
JMC as RDB3424)

This report provides thermodynamic property
data for R-124 in inch-pound (IP) units of mea-
sure. It provides physical properties including
the chemical formula, molecular weight, atmo-
spheric bolling point, and critical parameters
(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin {(MBWR) equation of state and an
Ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplies equations to calculate vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthalpy, and entropy as well as latent
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heat of vaporization) for -101 to +122 °C (-150
to +252 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratio (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 7-3450
kPa (1-500 psia). The new tables are based on
experimental data from the National Institute of
Standards and Technology, NIST). The report
concludes with a pressure-enthalpy diagram.
DuPont’s product name for R-124 is Suva(R) 124
Refrigerant.

Thermodynamic Propertias of HCFC-124 (2-
chloro-1,1,1,2-tetrafluoroethane), technical in-
formation report T-124-S| (H-47756), DuPont
Chemicals, Wilmington, DE, January 1993 (32
pages with 1 figure and 2 tables, avallable from
JMC as RDB3425)

This report provides thermodynamic property
data for R-124 in metric (Sl) units of measure. It
provides physical properties including the
chemical formula, molecular weight, atmo-
spheric boiling point, and critical parameters
(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin (MBWR) equation of state and an
ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplies equations to calculate vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthalpy, and entropy as well as latent
heat of vaporization) for -100 to +122 °C (-148
to +252 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratio (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 10-3600
kPa (1-520 psia). The new tables are based on
experimental data from the National Institute of
Standards and Technology, NIST). The report
concludes with a pressure-enthalpy diagram.
DuPont's product name for R-124 is Suva(R) 124
Refrigerant.

R-125

Y. Moniuc, T. Sagawa, H. Sato, and K. Watanabe
(Keio University, Japan), Thermodynamic Proper-
ties ot HFC-128, paper B101, Proceedings of the
Twelfth Japan Symposium on Thermophysical
Properties, pages 65-68, 1991 (4 pages with 5 fig-
ures and 1 table, RDB2427)
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This paper reports experimental data for R-125,
including vapor pressure and PVT properties in
the vapor phase. Vapor pressures were mea-
sured for 303-339 K (86-151 °F) and correlated;
the critical pressure (3.633 MPa, 527.3 psia) also
was determined based on a critical temperature
praviously determined by M. O. McLinden of
339.4 K (151.3 °F). PVT properties were nea-
sured along five isochores for temperatures of
240-423 K (-27 to 302 °F), pressuraes of 1.5-8.6
MPa (220-1250 psia), and densities of 97-446
kg/m3 (6-28 Ib/cf). The experimental approach
and regression equation are presented and va-
por pressure measurements are tabulated and
plotted. The PVT properties for the vapor phase
also are plotted and compared to other pub-
lished data.

g’-1

R. S. Basu and D. P. Wilson (AlliedSignal Incorpo-
rated), - Thermophysical Properties of 1,1,1,2-
Tetrafluoroethane (R-134a), /nternational Journal
of Thermophysics, Catherine Press, Limited, Brug-
ge, Belgium, volume 10, number 3, pages 591-603,
May 1989 (13 pages, RDB0514)

R. S. Basuy, |. R. Shankland, and R. G. Richard
(AllledSignal Incorporated), Thermodynamic and
Transport Properties of 1,1,1,2-Tetrafluoro-
ethane (R-134a) — An ARternative CFC Substitute
in Refrigeration and Air Conditioning, presented
paper (AIChE Winter Annual Meeting, Washington,
DC, 1988), Buffalo Research Laboratory, AlliedSig-
nal Incorporated, Buffalo, NY, November 1988 (26
pages, RDB0515)

A. R. H. Goodwin and M. R. Moldover (National In-
stitute of Standards and Technology, NIST), Ther-
mophysical Properties of Gaseous Refrigerants
from Speed of Sound Measurementa (Appara-
tus, Model, and Resuits for 1,1,1,2-tetrafluoro-
ethane, R-134a), Journal of Chem. Physics, Ameri-
can Institute of Physics, volume 93, number 4,
pages 2741-2753, 15 August 1990 (13 pages with
10 figures and 4 tables, RDB0919)

The speed of sound in gaseous R-134a has
been obtained between 233.16 and 340 K from
measurements of the frequency of the radial
acoustic resonances of a gas-filed spherical
cavity. Perfect gas heat capacities and second
and third acoustic virial coefficients are used to
estimate the density virial coefficients B(T) and
C(T) and an effective square-well potential. The
estimates of B(T) are consistent with B(T) de-
duced from high-quality equation-of-state mea-
surements; those for C(T) are slightly inconsis-
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tent. The apparatus and its calibration with ar-
gon are described.

M. L. Huber and M. O. McLinden (National Institute
of Standards and Technology, NIST), Thermody-
namic Properties of R-134a (1,1,1,2-Tetrafluo-
roethane, Proceedings of the 1992 International
Refrigeration Conference - Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 2, pages 453-462, July 1992 (10 pages with 4
figures and 9 tables, RDB2828)

C-C. Piao, H. Sato, and K. Watanabe (Keio Univer-
sity, Japan), Thermodynamic Charts, Tables, and
Equations for HFC-134a, Transactions, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, volume
97, part 2, 1991, republished in Alternative Refrig-
erants, technical data bulletin 7(3), ASHRAE, pages
28-44, October 1991 (17 pages with 15 figures and
4 tables, RDB2615)

C-C. Piao, H. Sato, and K. Watanabe (Kelo Univer-
sity, Japan), An Experimental Study for PVT
Properties of CFC Alternative Refrigerant
1,1,1,2-tetrafluoroethane (R-134a), CFC Alterna-
tives, technical data bulletin 6(1), American Society
of Heating, Refrigeratlng. and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, pages 1-9, June
1990; republished in Transactions, American Soci-
ety of Heating, Refrigerating, and Air-Conditioning
Engineers, Atlanta, GA, volume 96, 1990 (9 pages
with 8 figures and 4 tables, RDB2334)

I. R. Shankland, R. S. Basu, and D. P. Wilson
(AlliedSignal Incorporated), Thermal Conductivity
and Viscosity of a New Stratospherically Safe
Refrigerant - 1,1,1,2-Tetrafluoroethane (R-134a),
Status of CFCs — Refrigeration Systems and Refrig-
erant Properties (proceedings of the meetings of
IIR Commissions B1, B2, Et, and E2, Purdue Uni-
versity, West Lafayette, IN), International Institute of
Refrigeration, Paris, France, pages 305-314, July
1988 (9 pages, RDB0516)

L. A. Weber (National Institute of Standards and
Technology, NIST), Vapor Pressures and Gas-
Phase PVT Data for 1,1,1,2-Tetrafluoroethane,
International Journal of Thermophysics, Plenum
Publishing Corporation, Brugge, Belgium, volume
10, number 3, pages 617-627, May 1988 (12 pages,
RDB0309)

New data for the vapor pressure and PVT sur-
face of R-134a in the temperature range of 40-
150 °C (104-302 °F) are presented. The PVT
data are for the gas phase at densities up to
one-half critical. Densities of the saturated va-
por are derived at five temperatures from the
intersections of the experimental isochiores with
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the vapor pressure curve. The data are repre-
sented analytically in order to demonstrate ex-
perimental precision and to facilitate calculation
of thermodynamic properties.

D. P. Wilson and R. S. Basu (AlliedSignal Incorpo-
rated), Thermodynamic Properties of a New
Stratospherically Safe WOrklng Fluld — R-134a,
ASHRAE Special Publication, CFCs: Time of Tran-
sition, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, pages 104 ff, 1989 (RDB2236)

M-S. Zhu, L-Z. Han, Y-D. Fu, J. Wu, and C-X. Lu
(Tsinghua University, China), Research on PVT
Properties, Vapor Pressure, and Surface Ten-
sion of HFC-134a, Proceedings of the 1992 Inter-
national Refrigeration Conference ~ Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 499-509, July 1992 (11 pages
with 5 figures and 8 tables, RDB2833)

Genetron(R) 134a, technical bulletin 645 (B-525-
645), AllledSignal Incorporated, Morristown, NJ,
February 1993 (4 pages with 3 tables, RDB3453)

This builetin supplies information on R-134a, de-
scribed as a replacement for R-12 in automobile
air conditioning; residential, commercial and in-
dustrial refrigeration; and in certain centrifugal
chiller applications. It provides physical prop-
erty data, in inch-pound (IP) units, including the
chemical formula, molecular weight, atmo-
spheric boiling point, corresponding heat of va-
porization, and critical parameters (temperature,
pressure, and density), flammability, and ozone
depletion potential. It also indicates the liquid
density and specific heats of the liquid and va-
por at 30 °C (86 °F). It then presents a tabular
comparison of performance for R-12, R-22, and
R-134a. The report provides tabular thermody-
namic properties (pressure, density, vapor vol-
ume, liquid and vapor enthalp?' and entropy,
and latent heat of vaporization) for -29 to 71 °C
(-20 to 160 °F). Formulae are provided to cal-
culate thermodynamic properties including va-
por pressure, liquid density, and ideal gas heat
capacity correlations. cients are pre-
sented for a Martin-Hou equation of state. Al-
liedSignal's product name for R-134a is Gen-
etron(R) 134a.

Thermodynamic Properties of HFC-134a
(1,1,1,2-tetrafluoroethane), technical information
report T-134a-ENG (H-47751), DuPont Chemicals,
Wilmington, DE, January 1993 (36 pages with 1 fig-
ure and 2 tables, available from JMC as RDB3426)

This report provides thermodynamic property
data for R-134a in inch-pound (IP) units of mea-
sure. It provides physical properties including
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the chemical formula, molecular weight, atmo-
spheric boiling point, and critical parameters
(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin (MBWR) equation of state and an
ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplies equations to calculate vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthalpy, and entropy as well as latent
heat of vaporization) for -101 to +101 °C (-150
to +213 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratio (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psia). The new tables are based on
experimental data from the National Institute of
Standards and Technology, NIST). The report
conciudes with a pressure-enthalpy diagram.
DuPont's product names for R-14a are Suva(R)
134a Refrigerant, Suva(R Cold-MP Refrigerant,
Suva(R) Trans-AC Hefrigerant. Formacel(R) Z-4
Biowing Agent, Dymei(M 134a Aerosol Propel-
iant, and Dymel(R) 134a/P Aerosol Propellant.

Thermodynamic Properties of HFC-134a
(1,1,1,2-tetrafluoroethane), technical information
report T-134a-S! (H-47752), DuPont Chemicals,
Wilmington, DE, January 1993 (36 piges with 1 fig-
ure and 2 tables, available from JMC as RDB3427)

This report provides thermodynamic property
data for R-134a in metric (SI) units of measure.
It provides physical propertias Including the
chemical formula, molecular weight, atmo-
spheric bolling point, and critical parameters
(temperature, pressure, density, and specific
volume). It then presents a modified Benedict-
Webb-Rubin (MBWR) equation of state and an
ideal gas heat capacity equation at constant
pressure. It also gives a Martin-Hou equation of
state, fit from MBWR data, and a corresponding
ideal gas heat capacity equation at constant va-
por. It supplles equations to calculute vapor
pressure and density of the saturated liquid.
The report provides tabular saturation proper-
ties (pressure and liquid and vapor volume,
density, enthalpy, and entropy as well as latent
heat of vaporization) for -100 to +101 °C (-148
to +213 °F). A set of tables presents volume,
enthalpy, entropy, heat capacity at constant
pressure, heat capacity ratlo (dimensionless
Cp/Cv), and velocity of sound data for super-
heated vapor at constant pressure for 10-4000
kPa (1-580 psia). The new tabies are based on
experimental data from the National Institute of
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Standards and Technology, NIST). The report
concludes with a pressure-enthalpy diagram.
DuPont's product names for R-134a are Suva(R)
134a Refrigerant, Suva(R) Cold-MP Refrigerant,
Suva(®) Trans-AC Refrigerant, Formacel(R) Z4
Blowing Agent, Dymel(R) 134a Aerosol Propel-
lant, and Dymel(R) 134a/P Aerosol Propellant.

R-141b

A. R. H. Goodwin and M. R. Moldover (National In-
stitute of Standards and Technology, NIST), Ther-
mophysical Properties of Gaseous Refrigerants
from Speed of Sound Measurements: Il. Results
for 1,1-dichloro-1-fluoroethane (CCI,FCH,),
Journal of Chem. Physics, American Institute of
Physics, volume 95, number 7, pages 5230-5235, 1
October 1991 (6 pages with 5 figures and 4 tables,
RDB3105)

R-141b

R-236ea

N. D. Smith, Thermophysical Properties of HFC-
236ea, Environmental Research Brief EPA-600/S-
92-066, U.S. Environmental Protection Agency
(EPA), Research Triangle Park, NC, October 1992
5 pa)ges with 5 tables, available from JMC as RDB-
3403

This synopsis summarizes properties of R-236ea
(1.1,1,2,3,3-hexafluoropropane), a potential al-
ternative for R-114. It notes that the thermo-
physical properties of the fluids closely match,
and that modelling indicates acceptable perfor-
mance. The efficiency of R-236ea is indicated
as within 1% of that of R-114, Tables, in both
inch-pound (IP) and metric (S!) units provide the
freezing and boiling points, critical properties,
heat of vaporization, and liquid specific heat ca-
pacity. Measured liquid densities are given at
eight temperatures from 2-95 °C (35-202 °F) and
vapor pressures for -14 to +141 °C (8-286 °F).
Calculated liquid and vapor density as well as
heat ‘of vaporization are tabulated for -14 to
+141 °C (8-286 °F) and the equations used are
provided. The ideal gas heat capacity is simi-
larly provided for 27-327 °C (80-620 °F). The
meter;ods used and estimated accuracy are indi-
cated.
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B-245ca

N. D. Smith, Thermophysical Properties of HFC-
245ca, Environmental Research Brief EPA-600/S-

92038, U.S. Environmental Protection Agency
(EPA), Research Triangle Park, NC, August 1992 (4

gagg)s with 5 tables, available from JMC as RDB-
40

This synopsis summarizes properties of R-245ca
(1,1,2,2,3-pentafluoropropane), a potential alter-
native for R-11 and R-123. It notes that the
thermophysical properties of the fluids closely
match, and that modelling indicates acceptable
performance. The efficiency of R-245ca is indi-
cated as 3-4% less than R-11 and 1-2% less
than R-123. Tables, in both inch-pound (IP) and
metric (Sl) units provide the meiting and boiling
points, critical properties, heat of vaporization,
and liquid heat capacity. Measured liquid den-
sities are given at six temperatures from 22-140
°C (72-284 °F) and vapor pressures for -39 to 26
°C (-38 to 78 °F). Calculated liquid and vapor
density as well as vapor pressure and heat of
vaporization are tabulated for 5-178 °C (41-353
°F) and the equations used are provided. The
ideal gas heat capacity Is similarly provided for
27-327 °C (80-620 °F). The methods used and
estimated accuracy are indicated.

R-245¢b

R. L. Shank (Union Carbide Corporation), Thermo-
dynamic Properties of 1,1,1,2,2-Pentafluoro-
propane (Refrigerant 245¢b), Journal of Chemical
and Engineering Data, American Chemical Society
(ACS), volume 12, number 4, pages 474-480, Oc-
tober 1967 (7 pages with 4 figures and 5 tables,
RDB2506)

Thermodynamic properties are presented for
the saturated liquid and vapor of R-245cb from
-40 °C (40 °F) to the critical temperature,

106.96 °C (224.52 °F); a pressurs-enthalpy dia-
gram is included. The critical properties, coeffi-
cients for a Benedict-Webb-Rubin (BWR) equa-
tion of state, a vapor-pressure equation, a liquid-
density equation, and a heat-capacity equation
are given. Data also are provided for the super-
heated vapor from the saturation temperature to
371 °C (700 °F). The properties listed are voi-
ume, enthalpy, entropy, heat capacity at con-
stant pressure, and heat capacity ratio as func-
tions of temperature and pressure. Pressure-
volume isotherms are plotted for both the high-
density and critical regions. These properties
were calculated from measured volumetric and
spectral data; the experimental procedures and
calculations are described.

please see pages 5-8 for ordering information
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R-401

Thermodynamic Properties of Suva(R) MP39
Refrigerant [R-401 (53/13/34)], technical infor-
mation report T-MP33-ENG (H-47764), DuPont
Chemicals, Wilmington, DE, January 1993 (28
pages with 1 figure and 2 table., available from
JMC as RDB3430)

This report provides thermodynamic property
data for R401 (53/13/34), a blend of R-22, R-
152a, and R-124 (R-22/152a/124), in inch-
pound (IP) units of measure. It provides physi-
cal properties including the chemical formula,
molecular weight, atmospheric boiling point,
and critical parameters (temperature, pressure,
densita. and specific volume). It then presents a
Peng-Robinson-Stryjek-Vera (PRSV) equation of
state and an ideal gas heat capacity equation at
constant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -101to +99°C
(-150 to +211 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psia). The report concludes with a
pressure-enthalpy diagram. DuPont’s product
name for R-401 (53/13/34) is Suva(R) MP39.

Thermodynamic Properties of Suva(R) MP39
Refrigerant [R-401 (53/13/34)], technical infor-
mation report T-MP39-SI (H-47765), DuPont
Chemicals, Wiimington, DE, January 1993 (24
pages with 1 figure and 2 tables, avallable from
JMC as RDB3431)

This report provides thermodynamic property
data for R-401 (53/13/34), a biend of R-22, R-
152a, and R-124 (R-22/152a/124), in metric (SI)
units of measure. It provides physical proper-
ties including the chemical formula, molecular
weight, atmospheric boiling point, and critical
parameters (temperature, pressure, density, and
specific volume). It then presents a Peng-
Robinson-Stryjek-Vera (PRSV) equation of state
and an ideal gas heat capacity equation at con-
stant pressure. [t also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as Iatent heat of vaporization) for -100 to +99 °C
(-148 to +210 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 10-3800
kPa (1-550 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-401 (53/13/34) is Suva(R) MP39.

Refrigerant Database

Thermodynamic Properties of Suva(R) MPS52
Refrigerant [R-401 (33/15/52)], technical infor-
mation report T-MP52-ENG (H-47769), DuPont
Chemicals, Wilmington, DE, February 1993 (28

ges with 1 figure and 2 tables, available from
JMC as RDB3428)

This report provides thermodynamic property
data for R-401 (33/15/52), a blend of R-22, R-
152a, and R-124 (R-22/152a/124), In inch-
pound (IP) units of measure. It provides physi-
cal properties including the chemical formula,
molecular weight, atmospheric boiling point,
and critical parameters (temperature, pressure,
density, and specific volume). It then presents a
Peng-Robinson-Stryjek-Vera (PRSV) equation of
state and an ideal gas heat capacity equation at
constant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (llquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -101 to +104
°C (-150 to +220 °F). A set of tables presents
volume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-401 (33/15/52) is Suva(R) MPS2.

Thermodynamic Properties of Suva(R) MPS52
Refrigerant [R-401 (33/13/52)], technical infor-
mation report T-MPS52-SI (H-47770), DuPont
Chemicals, Wilmington, DE, February 1993 (24
pages with 1 figure and 2 tables, available from
JMC as RDB3429)

This report provides thermodynamic property
data for R-401 (33/15/52), a blend of R-22, R-
152a, and R-124 (R-22/152a/124), in metric (Sl)
units of measure. It provides physical proper-
ties including the chemical formula, molecular
weight, atmospheric boiling point, and critical
parameters (temperature, pressure, density, and
specific volume). It then presents a Peng-
Robinson-Stryjek-Vera (PRSV) equation of state
and an ideal gas heat capacity equation at con-
stant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -100 to +104
°C (-148 to +220 °F). A set of tables presents
volume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 10-4000
kPa (1-580 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-401 (33/15/52) is Suva(R) MP52.

Thermodynamic Properties of Suva(R) MP66
Refrigerant [R-401 (81/11/28)], technical infor-
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mation report T-MP66-ENG (H-47759), DuPont
Chemicals, Wilmington, DE, January 1993 (24
pages with 1 figure and 2 tables, available from
JMC as RDB3432)

This report provides thermodynamic property
data for R-401 (61/11/28), a blend of R-22, R-
152a, and R-124 (R-22/152a/124), In inch-
pound (IP) units of measure. It provides physi-
cal properties including the chemical formula,
molecular weight, atmospheric boiling point,
and critical parameters (temperature, pressure,
density, and specific volume). It then presents a
Peng-Robinson-Stryjek-Vera (PRSV) equation of
state and an ideal gas heat capacity equation at
constant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -101 to +97 °C
(-150 to +207 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psla). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-401 (61/11/28) is Suva(R) MP66.

Thermodynamic Properties of Suva(R) MPé66
Retrigerant [R-401 (61/11/28)], technical infor-
mation report T-MP66-SI (H-47760), DuPont
Chemicals, Wilmington, DE, January 1993 (24
pages with 1 figure and 2 tables, availabie from
JMC as RDB3433)

This report provides thermodynamic property
data for R-401 (61/11/28), a blend of R-22, R-
152a, and R-124 (R-22/152a/124), in metric (Sl)
units of measure. It provides physical proper-
ties including the chemical formula, molecular
weight, atmospheric boiling point, and critical
parameters (temperature, pressure, density, and
specific volume). It then presents a Peng-
Robinson-Stryjek-Vera (PRSV) equation of state
and an ideal gas heat capacity equation at con-
stant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (iquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -100 to +97 °C
(-148 to +207 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 10-4000
kPa (1-580 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-401 (61/11/28) is Suva(R) MP66.
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B-402

Thermodynamic Properties of Suva(R) HP80 Re-
frigerant [R-402 (60/2,18)], technical information
report T-HP80—ENG (H-47766), DuPont Chemicals,
Wiimington, DE, January 1993 (24 pages with 1 fig-
ure and 2 tables, avallable from JMC as RDB3436)

This report provides thermodynamic property
data for R-402 (60/2/38), a blend of R-125, R-
290, and R-22 (R-125/290/22), in inch-pound
(IP) units of measure. It provides physical
properties including the chemical formula,
molecular weight, atmospheric boiling point,
and critical parameters (temperature, pressure,
density, and specific volume). It then presents a
Peng-Robinson-Stryjek-Vera (PRSV) equation of
state and an ideal gas heat capacity equation at
constant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -101 to +68 °C
(-150 to +154 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psia). The report concludes with a
pressure-enthalpy dlagram. DuPont's product
name for R-402 (60/2/38) is Suva(R) HP80.

Thermodynamic Properties of Suva(R) HP80 Re-
frigerant [R-402 (60/2/38)], technical information
report T-HP80-SI (H-47767), DuPont Chemicals,
Wilmington, DE, January 1993 (24 pages with 1 fig-
ure and 2 tables, available from JMC as RDB3437)

This report provides thermodynamic property
data for R-402 (60/2/38), a blend of R-125, R-
290, and R-22 (R-125/290/22), in metric (Sl)
units of measure. It provides physical proper-
ties including the chemical formula, molecular
weight, atmospheric boiling point, and critical
parameters (temperature, pressure, density, and
specific volume). It then presents a Peng-
Robinson-Stryjek-Vera (PRSV) equation of state
and an ideal gas heat capacity equation at con-
stant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -100 to +68 °C
(-148 to +154 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 10-4000
kPa (1-580 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-402 (60/2/38) is Suva(R) HP80.

Thermodynamic Properties of Suva(R) HP81 Re-
frigerant [R-402 (38/2/60)], technical information

please see pages 5-8 for ordering information
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report T-HP81-ENG (H-47757), DuPont Chemicals,
Wilmington, DE, January 1993 (24 pages with 1 fig-
ure and 2 tables, avaliable from JMC as RDB3434)

This report provides thermodynamic property
data for R-402 (38/2/60), a blend of R-125, R-
290, and R-22 (R-125/290/22), in inch-pound
(IP) units of measure. It provides physical
properties Including the chemical formula,
molecular weight, atmospheric bolling point,
and critical parameters (temperature, pressure,
density, and specific volume). It then presents a
Peng-Robinson-Stryjek-Vera (PRSV) equation of
state and an ideal gas heat capacity equation at
constant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -101to +75°C
(-150 to +167 °F). A set of tables presents vol-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 7-3800
kPa (1-550 psia). The report concludes with a
pressure-enthalpy diagram. DuPont's product
name for R-402 (38/2/60) is Suva(R) HP81.

Thermodynamic Properties of Suva(R) HP81 Re-
frigerant [R-402 (38/2/60)], technical information
report T-HP81-SI (H-47758), DuPont Chemicals,
Wilmington, DE, January 1993 (20 pages with 1 fig-
ure and 2 tables, available from JMC as RDB3435)

This report provides thermodynamic property
data for R-402 (38/2/60), a blend of R-125, R-
290, and R-22 (R-125/290/22), In metric (Sl)
units of measure. It provides physical proper-
ties including the chemical formula, molecular
weight, atmospheric boiling point, and critical
parameters (temperature, pressure, density, and
specific volume). It then presents a Peng-
Robinson-Stryjek-Vera (PRSV) equation of state
and an ideal gas heat capacity equation at con-
stant pressure. It also supplies equations to
calculate vapor pressure and density of the sat-
urated liquid. The report provides tabular satu-
ration properties (liquid and vapor pressure,
volume, density, enthalpy, and entropy as well
as latent heat of vaporization) for -100 to +74 °C
(-148 to +165 °F). A set of tables presents voi-
ume, enthalpy, and entropy data for super-
heated vapor at constant pressure for 10-4000
kPa (1-580 psia). The report concludes with a
pressure-enthalpy dlagram. DuPont’s product
name for R-402 (38/2/60) Is Suva(R) HP81.

Other Zeotropes

D. R. Defibaugh and G. Morrison (National Institute
of Standards and Technology, NIST), Compressed
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Liquid Densities, Saturated Liquid Densities,
and Saturation Pressures of Mixtures: Difluoro-
methane + 1,1,1,2-Tetrafluoroethane, Difluoro-
methane + 1,1-Difluoroethane, Proceedings of
the 1992 International Refrigeration Conference -
Energy Efficiency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Latayette, IN, volume 2, pages 473-478, July 1992
(6 pages with 8 figures, RDB2830)

R-32/R-134a, R-32/R-152a

R-502

Thermophysical Properties of Refrigerants (R-
502, Azeotrope of R-22 and R-115), Japanese As-
sociation of Refrigeration, Tokyo, Japan, November
1986 (164 pages with 21 figures and 44 tables in
both Japanese and English, RDB0405)

This comprehensive volume summarizes criti-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
502, an azeotrope comprising 48.8% R-22 and
51.2% R-115 by weight. Included are tabular
data and/or plots for PVT properties, enthalpy,
entropy, isobaric and Isochoric specific heat
capacity, specific heat ratio, isentropic expan-
sion exponent, speed of sound, surface tension,
viscosity, kinematic viscosity, thermal conduc-
tivity, thermal diffusivity, Prandtli number, solu-
bility, ref.active index, and dielectric ~onstant.
An extended Benedict-Webb-Rubin (BWR)
equation of state is presented and compared to
other equations and data. Relations also are
presented for key equilibrium properties. Data
are tabulated for the solubility of water in R-502
and of R-502 in alkylbenzene lubricant. Limited
data are provided on the stability of R-502 in the
presence of metals and oll and on linear swell
for neoprene GN, Buna(™) N, natural rubber,
GR-l, GR-S, and polysulfide rubber. Published
safety data, including toxicity and flammability,
are summarized. The volume contains an ex-
tensive list of references as well as discussion of
the ranges and differences among property
sources identified. An introductory section out-
lines conversions among several metric sys-
tems, including SI, and inch-pound units. An
appendix addresses compllance with the Japan-
ese Industrial Standards (JIS), noting that the
quality of R-502 I3 not covered; JIS K1528-1982
requirements for the quality of R-22 are summa-
rized.

(ol



Refrigerant Database

Other Azeotropes

P. B. Logsdon, E. A. E. Lund, I. R. Shankland, and
R. R. Singh (AlliedSignal Incorporated), Properties
of a Zero ODP Azeotropic Refrigerant Blend,
HFC-125/HFC-143a, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Washington, DC), Allilance for Responsible CFC
Policy, Anlingion, VA, pages 47-54, September 1992
(10 pages with 1 figure and 7 tables, RDB2A02)

Genetron(R) AZ-20, technical bulletin 525-652, Al-
liedSignal Incorporated, Morristown, NJ, January
1993 (4 pages with 3 tables, RDB3219)

This bulletin describes a patented azeotropic
blend of R-32 and R-125, specifically R-32/125
(60/40), designed to replace R-22 in residential
air-conditioning systems. It provides physical
property data, in inch-pound (IP) units, including
the chemical formula, molecular weight, atmo-
spheric boiling point, corresponding heat of va-
porization, and critical parameters (temperature,
pressure, and density), lammability, and ozone
depletion potential. It also Indicates the liquid
density and speciii: heats of the liquid and va-
por at 26.7 °C (80 °F). It then presents a tabular
comparison of performance with R-22, R-32, R-
125, and R-502. The report provides tabudlar
thermodynamic properties (pressure, liquid
density, vapor volume, liquid and vapor en-
thalpy and entropy, and latent heat of vaporiza-
tion) for -29 to +71 °C (-20 to +160 °F). For-
mulae are provided to calculate thermodynamic
properties including vapor pressure, liquid den-
sity, and ideal gas heat capacity correlations. A
Martin-Hou equation of state also is presented.
AlliedSignal's product name for R-32/125
(60/40) is Genetron(R) AZ-20.

Genetron(R) AZ-50, technical bulletin 525-651, Al-
liedSignal Incorporated, Morristown, NJ, January
1993 (4 pages with 3 tables, RDB3222)

This bulletin describes an azeotropic blend of R-
125 and R-143a, specifically R-125/143a, de-
signed to replace R-502 in low-temperature
commercial refrigeration applications. It pro-
vides physical property data, in inch-pound (IP)
units, including the chemical formula, molecular
weight, atmospheric boiling point, correspond-
ing heat of vaporization, and critical parameters
(temperature, pressure, and density), flamma-
bility, and ozone depletion potential. it also in-
dicates the liquid density and specific heats of
the liquid and vapor at 26.7 °C (80 °F). It then
presents a tabular compariscn of performance
with R-22 and R-502. The report provides tabu-
lar thermodynamic properties {pressure, den-
sity, vapor volume, liquid and vapcr enthalpy
and entropy, and latent heat of vaporization) for
40 to +71 °C (-40 to +160 °F). Formulae are
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provided to calculate thermodynemic properties
including vapor pressure, liquid density, and
ideal gas heat capacity correlations. A Martin-
Hou equation of state also is presented. Al-
liedSignal's product name for R-125/143a is Ge-
netron(R) AZ-50.

R-32/125 Azeotropb, technical data sheet 525-
643, AllledSignal Incorporated, Morristown, NJ,
April )1991 (2 pages with 1 figure and 2 tables, RDB-
3220

This data sheet provides information on a
patented azeotropic blend, R-32/125 (60/40). It
provides physical property data, in inch-pound
(IP) units, Including the chemical formula,
molecular weight, atmospheric bolling point,
corresponding heat of vaporization, and critical
parameters {temperature, pressure, and den-
sity), fiammability, and ozone depletion poten-
tial. It also indicates the liquid density and spe-
cific heats of the liquid and vapor at 26.7 °C (80
°F). It then presents a tabular comparison of
performance with R-22, R-32, R-125, and R-502.
The document provides a vapor pressure chart
for the blend for -40 to +49 (40 to +120 °F).
AliiedSignal's product name for R-32/125
(60/40) is Genetron(R) AZ-20.

R-32/125 Azeotrope, technical data sheet 525-
658, AlliedSignal incorporated, Morristown, NJ,
July 1991 (1 page with 1 figure, RDB3221)

This data sheet provides a pressure-enthalpy
diagram for a patented azeotropic blend, R-
32/125 (60/40) in inch-pound (IP) units. Al-
liedSignal's product name for R-32/125 (60/40)
is Genetron(R) AZ-20.

Ethers

D. R. Defibaugh, K. A. Gillis, M. R. Moldover, G.
Morrison, and J. W. Schmidt (National Institute of
Standards and Technology, NIST), Thermody-
namic Properties of CHF,-O-CHF,, Bis(difluoro-
methyl) Ether, Fluid Phase Equilibra, Elsevier Sci-
ence Publishers B.V., Amsterdam, The Netherlands,
volume 81, pages 285-305, 1992 (21 pages, RDB-
3327)

This paper reports on measursments and data
reduction to provide thermodynamic property
data for E-134, a candidate alternative refriger-
ant. It summarizes measurements of the refrac-
tive index of the saturated liquid and vapor as
well as the sreed of sound of the dilute vapor.
These measu-aments provide the normal boiling
point, critical parameters (temperature, pres-
sure, and density), and ideal gas heat capacity.
Vapor pressure measurements using a high-

please see pages 5-8 for ordering information




Page 52

pressure ebulliometer are tabulated; the appa-
ratus Is depicted in a figure. Refractive index,
speed-of-sound, results of acoustic isotherms,
liquid density, and saturation data are tabulated;
deviations with other measurements and data
fits are plotted. Coefficients of a Cainahan-Star-
ling-DeSantis (CSD) equation of state and a
polynomial representation of the ideal gas heat
capacity are derived and presented. Th3s paper
notes that samples of E-134 with impurities were
found to be unstable during laboratory mea-
surements. It also notes that an azeotrope of E-
134 and R-143a was discovered during the in-
vestigation. Samples of E-134 were found to be
soluble in several elastomers used in the mea-
surement apparatus.

N. D. Smith, Thermophysica! Properties of HFE-
125, Environmental Research Brief EPA-600/S-93-
001, U.S. Environmental Protection Agency (EPA),
Research Triangle Park, NC, February 1993 (4
pages with 4 tables, available from JMC as RDB-
3404)

This synopsis summarizes properties of E-125
(pentafluorodimethylether), a potentiai al-
ternative refrigerant for low-temperature appli-
cations. Tables, in both inch-pound (IP) and
metric (S!) units provide the freezing and boiiing
points, critical properties, heat of vaporization,
and liquid specific heat capacity. Measured iiq-
uid densities are given at eight temperatures
from 10-61 °C (50-142 °F) and vapor pressures
for -104 to 81 °C (-156 to 177 °F). Calculated
liquid and vapor density as well as heat of va-
porization are tabulated for -55 to 81 °C (-66 to
177 °F) and the equations used are provided.
The methods used and estimated accuracy are
indicated.

B-H. Wang, J. L. Adcock, S. B. Mathur, and W. A.

Van Hook (University of Tennessee), Vapor Pres-
" sures, Liquid Molar Volumes, Vapor Non-ideali-

ties, and Critical Properties of Some Fluorinated

Ethers: CF,OCF,0CF,;, CF,OCF,CFH, c-

CF,,CF,CF,0, CF,0CF H, and CF,0€H,; ‘and of
CC?;F and Ccmﬂ'l. Journal of Chem. Tgermody-
namics, Academic Press Limited, volume 23, pages
699-710, December 19981 (12 pages with 8 tables,
RDB2505)

Vapor pressures, compressibilities, expansivi-
ties, and molar volumes of the liquid phase are
presented, based on measurements between
room temperature and the critical temperature,
for a series of fluorinated ethers. Critical
temperatures and pressures and approximate
melting and boiling temperatures are tabulated
for perfluorodimethoxymethane, 2-hydryl-F-ethyl
F-methyl ether, F-oxetane, and pentafluo-
rodimethyl ether. These ethers are under inves-
tigation as potential refrigerants, blowing

|
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agents, and cleaning agents based on their
physical and chemical similarity to present re-
frigerants. Equations are presented for deter-
mination of these properties. Vapor-phase
nonidealities were measured for each com-
pound, but only for samples of high vapor den-
sity. Apparatus calibrations were verified with
measurements for R-11 and R-22.

R-717 (Ammonia)

L Haar and J. S. Gallagher, Thermodynamic
Properties of Ammonis, Journal of Physical
Chemistry Reference Data, volume 7, number 3,
pages 635 ff, 1978 (RDB3237)

R-717/R-718 (Ammonia/Water)

N. C. Goomer et al, Ammonia-Water Systems:
Part !, Thermodynamic Properties, Bhabha
Atomic Research Center, Bombay, India, 1980
(RDB3235)

R-717, ammonia, absorption

P. C. Jain and G. K. Gable, Equilibrium Property
Data Equations for Aqua-Ammonia Mixtures,
paper 2180, Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers;. Atianta, GA, volume 77, part 1, 1971 (RDB-
3233

R-717, ammonia, absorption

R. A. Macriss, B. E. Eakin, R. T. Ellington, and J.
Huebler, Physical and Thermodynamic Proper-
ties of Ammonia-Water Mixtures, research bul-
letin 34, Institute of Gas Technology (IGT),
Chicago, IL, 1964 (RDB3232)

R-717, ammonia, absorption

Y. M. Park (A-Joo University, Korea) and R. E.
Sonntag (University of Michigan), Thermodynamic
Properties of Ammonia-Water Mixtures: A Gen-
eralized Equation-of-State Approach, paper 3319,
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers, Atlanta,
GA, volume 96, part 1, 1990 (10 pages with 9 fig-
ures and 3 tables, RDB3227)

R-717, ammonia, absorption
E. P. Periman, Vapor Pressure of Aqueous Am-

monia Solution, Part |, Journal of the Chemical
Society, volume 79, pages 718 ff, 1901 (RDB3228)

R-717, ammonia, absorption
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E. P. Pariman, Vapor Pressure of Aqueous Am-
monia Solution, Part I, Journal of the Chemical
Society, volume 81, 1903 (RDB3229)

R-717, ammonia, absorption

G. Scratchard et al, Thermodynamic Properties —
Saturated Liquid and Vapor of Ammonia-Water
Mixtures, Refrigerating Enginesring, American So-
ciety of Refrigerating Engineers (ASRE, now
merged into the American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers, ASH-
RAE), Atlanta, GA, volume 53, pages 413 ff, 1947
(RDB3231)

S. C. G. Schultz, Equations of State for the Sys-
tem Ammonia-Water for Use with Computers,
Proceedings of the International Congress of Re-
frigeration, International Institute of Refrigeration
1IR), Paris, France, volume 2, pages 431 ff, 1972
(RDB3234)

R-717, ammonia, absorption

B. Ziegler and C. Trepp (Swiss Federal Institute of
Technology, ETH, Switzerland), Equation of State
for Ammonia-Water Mixtures, /nternational Jour-
nal of Refrigeration, Paris, France, volume 7, num-
ber 2, pages 101 ff, February 1986 (RDB3236)

R-717, ammonia, absorption

neral Multi Fiui

T. Atwood (AllledSignal Incorporated), Refrigerant
Tables and Charts, ASHRAE Handbook — Funda-
mentals (published in separate editions with inch-
pound and S! metric units), American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, chapter 17, pages
17.1-17.71, 1989 (71 pages, RDB0037)

This chapter provides pressure-enthalpy (ph)
diagrams and tabulates thermodynamic and
thermophysical properties for R-11, R-12, R-13,
R-13B1, R-14, R-22, R-23, R-50, R-113, R-114, R-
142b, R-152a, R-170, R-290, R-500, R-502, R-
503, R-600, R-600a, R-717, R-744, R-1150, and
R-1270. The tabular data include temperature,
pressure, vapor volume, fiquid density, enthalpy,
entropy, viscosity, thermal conductivity, specific
heat, and the velocity of sound. Temperature-
entropy (ts) diagrams and properties are pro-
vided for cryogenic fluids including R-702, R-
702p, R-704, R-720, R-728, R-729, R-732, and R-
740. An enthalpy-concentration diagram and
tabular data for the specific volume at saturation
are presented for ammonia watev for absorption
cycles. Enthalpy equilibrium and concentration
diagrams are similarly provided for water-lithium
bromide solutions.
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D. Arnaud, L. Niveau, and S. Wosinski (Atochem
Groupe Elf Aquitaine), Comparison of Thermo-
physical Properties of HFC 125, 32, and 143a,
Proceedings of the 1992 International Refrigeration
Conference - Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 2, pages
375-383, July 1992 (9 pages with 4 figures and 4
tables, available from JMC as RDB2820)

This paper provides property data for R-32, R-
125, and R-143a. These data are provided to
predict the properties of their mixtures as re-
placements for R-502, an azeotrope containing
R-22 and R-115. Critical properties, solubility,
flammability, ozone depletion potential (ODP),
and global warming potentiai (GWP) are com-
pared for the three hydrofluorocarbons (HFCs)
to those of R-502. Transport properties, includ-
ing thermal conductivity, viscosity, surface ten-
sion, and specific heat are similarly compared.
Tabular data are provided for compatibility with
polychloroprene (neoprene), nitrile butyl rubber
(NBR), and polyethylene chlorosulfone (DuPont
Hypalon(R)) elastomers. Miscibility also is com-
pared for R-502 and the three HFCs with
unidentified naphthenic mineral oil and neopen-
tyl polyester and alkylbenzene lubricants in 80%
and 5% lubricant concentrations. A serles of
plots provide the vapor pressure, saturated lig-
uid density, liquid viscosity, and liquid thermal
conductivity for -60 to +60 °C (-76 to 140 °F).
The paper reviews the design changes required,
but concludes that only few adaptations will be
a\e%ded for either retrofit or new uses of these
uids.

H. D. Baehr (Universitat Hannover), New Refriger-
ants, Research !nto Their Thermodynamic Prop-
erty Data, Proceedings of the 3rd International En-
ergy Agency Heat Pump Conference (Tokyo,
Japan, 12-15 March 1990) edited by T. Saito and Y.
Igarashi, Pergamon Press, Eimsford, NY, pages
243-251, 1990 (12 pages with 1 figure and 3 tables,
RDB0406)

M. Barret and Y. Candau (Université Paris Xii - Val
de Marne, France), Thermodynamic Properties
Computation of Two Possible Substitute Refrig-
erants, Proceedings of the 1992 International Re-
frigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 2, pages 433-442, July 1992 (10 pages with 3
figures and 7 tables, RDB2826)

N. F. Carnahan and K. E. Starling, Intermoclecular
Repulsions and the Equation of State for Fluids,
AIChE Journal, American Institute of Chemical En-
gineers (AIChE), New York, NY, volume 18, pages
1184 ff, 1972 (RDB2333)

please see pages 5-8 for ordering information




Page 54

H. B. Chae, J. W. Schmidt, and M. R. Moldover
(National Institute of Standards and Technology,
NIST), Surface Tension of Refrigerants R-123
and R-134a, Journal of Chemical and Engineering
Data, American Chemical Society (ACS), pages 6-
8, January 1990 (3 pages with 2 figures and 3 ta-
bles, RDB0917)

The surface tensions of two environmentally ac-
ceptable refrigerants (R-123 and R-134a) were
measured with a differential capillary rise tech-
niqgue. Measurements span the temperature
range -25 to + 140 °C (-13 to 284 °F) for R-123
and -10 to +95 °C (14 to 203 °F) for R-134a.

H. B. Chae, J. W. Schmidt, and M. R. Moldover
(National Institute of Standards and Technology,
NIST), Alternative Refrigerants R-123s, R-134, R-
141b, R-142b, and R-152a: Critical Temperature,
Refractive Index, Surface Tension, and Esti-
mates of Liquid, Vapor, and Critical Densities,
Journal of Physical Chemistry, pages 8840-8845,
13 December 1990 (6 pages with 6 figures and 4
tables, RDB0918)

Differential capillary rise and refractive index
data are reported for five alternative refrigerants:
R-123a, R-134, R-141b, R-142b, and R-152a.
This paper explains the selection of these fluids,
describes the apparatus and analytical meth-
ods, and compares the findings with published
reports by others. The data extend from about
25 °C (77 °F) to the critical point of each fiuid
and directly yield the critical temperature T, and
the temperature-dependent capillary length.
The present data were combined with liquid
density data (near ambient temperature) to de-
termine the Lorentz-Lorenz constant. The
Lorentz-Lorenz relation is used to estimate the
liquid, vapor, and critical densities, and the sur-
face tension. R-141b slowly decomposed when
maintained near its critical point (in contact with
gold, sapphire, stainless steel, and crown
glass).

C. L. Gage, Equation-of-State Parameters for
Potential CFC and HCFC Replacements, Envi-
ronmental Research Brief EPA-600/5-93-003, U.S.
Environmental Protection Agency (EPA), Research
Triangle Park, NC, February 1993 (2 pages with 2
tables, available from JMC as RDB3406)

This summary presents coefficients to calculate
thermodynamic properties for 11 potential alter-
native refrigerants. These data are provided for
use with for the Carnahan-Starling-DeSantis
equation of state. The summary also presents
coefficients for a quadratic equation for the ideal
gas heat capacity. The chemicals include nine
hydrofiuorocarbons (HFCs), namely R-227ca, R-
227ea, R-236¢cb, R-236ea, R-236fa, R-245ca, R-
245cb, R-245fa, and R-254cb. They also include
two ethers, E-125 and E-143a.
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P. A. Domanski and D. A. Didion, Impact of Refrig-
erant Property Uncertasinties on Prediction of
Vapor Compression Cycle Performance, report
NBSIR 86-3373, National Institute of Standards and
Technology (then the National Bureau of Stan-
dards), Gaithersburg, MD, December 1986 (54
pages, RDB0922) .

This paper presents a sensitivity study of a va-
por-compression cycle in the form of a heat
pump operating in the cooling mode. The study
was performed with the aid of a detailed simula-
tion model; runs were made for different para-
metric values and the capacity and power input
were compared with results of a run using an
unchanged value of the parameters. The effects
on avaporator and condenser pressures, and
refrigerant mass flow rate are given. The inde-
pendent variables include thermodynamic and
transport properties, as well as the refrigerant
flow, heat transfer, and pressure drop coef-
ficients. The parameters which had the most
effect on system performance were liquid trans-
port properties, evaporative heat transfer coeffi-
clent, and vapor density.

B. R. Fellows, R. G. Richard, and |. R. Shankiand
(AlliedSignal Incorporated), Electrical Characteri-
2ation of Alternate Refrigerants, paper 45, pro-
ceedings of the XVllith International Congress of
Refrigeration (Montreal, Québec, Canada, August
1991), International Institute of Refrigeration, Paris,
France, August 1991 (10 pages with 2 figures and 7
tables, RDB2319)

J. Gallagher, M. O. McLinden, G. Morrison, M. L.
Huber, and J. Ely, NIST Thermodynamic Proper-
ties of Refrigerants and Refrigerant Mixtures
Database (REFPROP), NIST Standard Reference
Database 23 version 3.0, National Institute of Stan-
dards and Technology, Gaithersburg, MD, March
1992 (software and documentation available from
NIST, RDB2430)

Version 3.00 of REFPROP calculates properties
for 26 pure refrigerants, as well mixtures of up to
five of them. A method to estimate binary inter-
action parameters is provided for those pairs of
fluids for which measurements are not available.
The refrigerants include R-11, R-12, R-13, R-
1381, R-14, R-21, R-22, R-23, R-113, R-114, R-
115, R-123, R-124, R-125, R-134, R-134a, R-
141b, R-142b, R-143, R-143a, R-152a, R-218, R-
290 (propane), R-C270 (cyclopropane), R-C318,
and E-134. Fourteen thermodynamic properties
can be calculated, in user-selected units of
measurement. This update replaces version 2.0
[see RDB1105].

J. Gallagher, M. O. McLinden, and G. Morrison,
REFPROP, A Program for the Calculation of the
Thermodynamic Properties of Refrigerants and
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Refrigerant Mixtures, NIST Standard Reference
Database 23 version 2.0, National Institute of Stan-
dards and Technology, Gaithersburg, MD, March
1991 (software and documentation available from
NIST, RDB1105)

Version 2.00 of REFPROP calculates properties
for 18 pure refrigerants and 24 binary mixtures
of them in user-selected units of measurement.
These refrigerants include R-11, R-12, R-13, R-
13B1, R-14, R-22, R-23, R-113, R-114, R-115, R-
123, R-124, R-125, R-134, and R-134a, R-142b,
R-152a, and R-C270. This version has been su-
perseded; see RDB2430.

J. Gallagher, M. O. McLinden, and G. Morrison,
REFPROP, A Program for the Caiculation of the
Thermodynamic Properties of Refrigerants and
Refrigerant Mixtures, NIST Standard Reference
Database 23 version 1.02, National Institute of Stan-
dards and Technology, Gaithersburg, MD, 28 Sep-
tember 1990 (software and documentation, RDB-
0916)

Version 1.02 of REFPROP calculates properties
for 16 pure refrigerants and 24 binary mixtures
of them in user-selected units of measurement.
These refrigerants include R-11, R-12, R-13, R-
1381, R-14, R-22, R-23, R-113, R-114, R-123, R-
124, R-125, R-134, and R-134a, R-142b and R-
152a. This version has been superseded; see
RDB2430.

A. R. H. Goodwin and M. R. Moldover (National In-
stitute of Standards and Technology, NIST), Ther-
mophysical Properties of Gaseous Refrigerants
from Speed of Sound Measurements: lil. Results
for 1,1-dichioro-2,2,2-trifluoroethane (CHCI,-
CF and 1,2-dichloro-1,2,2-trifluoroethane
(CHCIF-CCIF,), Journal of Chem. Physics, Ameri-
can Institute of Physics, volume 95, number 7,
pages 5236-5242, 1 October 1991 (7 pages with 4
figures and 4 tables, RDB3106)

R-123, R-123a

X. Guozhen, W. Yezheng, D. Kunxuan, and C.
Zhong (XI'an Jiaotong University, China), The Re-
lations Used to Ana the Phase Equilibrium
Properties of Binary Refrigerant Mixtures, Pro-
ceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 2, pages
425-432, July 1992 (8 pages with 2 figures and 4
tables, RDB2825)

D. W. Hughes, J. T. McMullan, and R. Morgan,
Determination of the Thermodynamic Properties
of Refrigerant-Oil Mixtures, Proceedings of the
1982 Purdue Compressor Conference, Purdue Uni-
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versity, West Lafayette, IN, pages 214-221, July
1982 (RDB3323)

A. Kamei, C-C. Piao, H. Sato, and K. Watanabe
(Keio University, Japan), Thermodynamic Charts
and Cycle Performance of [H]FC-134a and
[H]FC-152a, paper 3318, Transactions, American
Soclety of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, volume
96, part 1, 1990 (9 pages with 13 figures and 5 ta-
bles, RDB3110)

thermodynamic properties and cycle perfor-
mance for R-134a and R-152a .

R. F. Kayser (National Institute of Standards and
Technology, NIST), Thermophysical Properties,
report DOE/CE/23810-8A, Air-Conditioning and
Refrigeration Technology Institute (ART!), Arington,
VA, January 1993 (102 pages, including 13 figures
and 32 tables, available from JMC as RDB3201)

This progress report provides an update on a
project to provide highly accurate, selected
thermophysical properties data for R-32, R-123,
R-124, and R-125. The report summarizes the
work completed in the fourth quarter of a 15-
month project and includes plots showing the
ranges of measured data, deviations from cor-
relations, and comparisons with earller data.
Preliminary tables are appended, in both metric
(Sl) and inch-pound (IP) units. They relate Bur-
nett measurements of density and pressure to
temperature for the vapor phase and vibrating
densimeter measurements for the liquid phase
for R-32. Burnett and ebulliometric vapor-pres-
sure data are tabulated and extrapolated to pro-
vide saturated vapor and liquid densities. Adia-
batic calorimeter measurements at constant
volume are presented for the liquid and two-
phase regions. Measurements of thermal con-
ductivity have been delayed by a failure, not yet
analyzed, due to corrosion of leads in the tran-
sient hot-wire apparatus. Supercritical data,
therefore, are not tabulated pending verification
and completion, though a preliminary plot is in-
cluded. Density and pressure measurements
versus temperature aiso are provided for R-124
and R-125 for the liquid phase. Measured pres-
sure and density data also are tabulated for R-
125 for compressed liquid, and a range of iso-
chores.  Ebulliometric vapor-pressure mea-
surements and fits to Antoine equations are
given for both R-124 and R-125. Isochoric PVT
measurements and both liquid and two-phase
heat capacity are tabulated for R-123. Progress
in fitting the data to modified Benedict-Webb-
Rubin (MBWR) equations of state for R-125,
both as part of related research and the present
project, is cited. Progress on a 32-term MBWR

please see pages 5-8 for ordering information




Page 56

equation, based on analysis of thermal conduc-
tivity data for R-123, also Is described.

R. F. Kayser (National Institute of Standards and
Technology, NIST), Thermophysical Properties,
report DOE/CE/23810-4A, Air-Conditioning and
Refrigeration Technology Institute (ARTI), Adington,
VA, October 1992 (222 pages, including a 104-page
report with 8 figures and 23 tables, and 4 appended
draft papers, available from JMC as RDB2C01)

This progress report provides an update on a
project to provide highly accurate, selected
thermophysical properties data for R-32, R-123,
R-124, and R-125. Pressure-temperature and
density-pressure relations are plotted for R-32
based on measurements using a Burnett appa-
ratus. Pressure-volume-temperature relations,
determined with a vibrating-tube apparatus and
extrapolations, also are plotted. Deviations to
measured data, generally within £0.1% are
plotted and skeleton density data are tabulated.
PVT and experimental liquid heat capacity data
are tabulated for the 284-340 K (51-153 °F).
Transient hot-wire measurements of thermal
conductivity for 300-340 K (80-160 °F) are pre-
sented and viscosity measurements are de-
scribed. A virial equation and coefficients for
the ideal-gas heat capacity of R-124 is summa-
rized. The speed of sound, ideal-gas heat ca-
pacity, and acoustic virial coefficients are tabu-
jated for R-125 for 250400 K (-10 to 260 °F).
Pressure-temperature and molar heat capacity
data are plotted and PVT and heat capacity data
are tabulated for R-125. Finally, thermal con-
ductivity data are tabulated for R-123, based on
transient hot-wire measurements. Further data
are summarized in four appended draft papers
entitled “Coexisting Densities, Vapor Pressures,
and Critical Densities of Refrigerants R-32 and
R-152a at 300 to 385 K" "Coexisting Densities
and Vapor Pressures of Refrigerants R-22, R-
134a, and R-124 at 300 to 395 K;* “Critical
Densities and Coexisting Density Data: Applica-
tion to Refrigerants R-22, R-134a, and R-124"
and "Measurements of the Viscosities of Satu-
rated and Compressed Fluid 1-chloro-1,2,2,2-
tetrafluoroethane (R-124) and Pentafluo-
roethane (R-125) at Temperatures Between 120
and 420 K." [see RDB3201 for update]

R. F. Kayser (Natlonal Institute of Standards and
Technology, NIST), Thermophysical Properties,
report DOE/CE/23810-3A, Air-Conditioning and
Refrigeration Technology Institute (ARTI), Arlington,
VA, July 1992 (54 pages including a 6-page report
and 2 appended draft papers, available from JMC
as RDB2801)

This progress report provides an update on a
project to provide highly accurate, selected
thermophysical properties data for R-32, R-123,
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R-124, and R-125. The thermodynamic data
also will be fit to modified Benedict-Webb-Rubin
(MBWR) and improved Carnahan-Starling-De-
Santis (CSD), or Carnahan-Starling-DeSantis-
Morrison (CSDM), equations of state for each
fluid. The CSDM equation takes into account
the effects of the dipole moment to improve
modelling of blends of very polar fluids, such as
R-32/134a. Viscosity and thermal conductivity
data for R-32 and thermal conductivity data for
R-123 will be correlated for use in transport
roperty models. Measurements in this report-
ng period have focused on the PVT behgvior,
isochoric heat capacity, and transport proper-
ties of R-32 and on the thermal conductivity of
R-123. Measurements for R-32, based on Bur-
nett apparatus, are described. A draft paper
entitted “Ebulliometric Measurement of the Va-
por Pressure of Difiuoromethane (R-32)," sub-
mitted to the Journal of Chemical and Engi-
neering Data, is appended. Measurements of
the molar heat capacity using an adiabatic
caiorimeter, of thermal conductivity using a low-
temperature transient hot-wire instrument, and
shear viscosity using a torsional quartz crystal
viscometer are outlined. The pressure and lig-
uid densities of R-32/134a and R-32/152a were
determined at the bubble points of these mix-
tures in a related project. The thermal con-
ductivity of R-124 was measured in the liquid
and vapor phases, and a draft paper entitled
“Thermal Conductivity of 2-Chloro-1,1,1,2-
Tetrafluoroethane (R-124)," submitted to the /n-
ternational Journal of Thermophysics, also is
appended. Thermal conductivity measurements
of R-125 in the vapor, liquid, and supercritical
phases are outlined as are viscosity measure-
ments for both R-124 and R-125. The thermal
conductivity measurements of R-123, using low-
and high-temperature transient hot-wire instru-
ments, also are described. The agreement be-
tween newly acquired property data are com-
pared to those resulting from other identified in-
vestigations, generally indicating more complete
and much more precise findings. [see RDB-
2C01 for update]

R. F. Kayser (National Institute of Standards and
Technology, NIST), Thermophysical Properties,
report DOE/CE/23810-2A, Air-Conditioning and
Refrigeration Technology Institute (ARTI), Arington,
VA, Aprii 1992 (9 pages with 4 figures, available
from JMC as RDB2511)

This interim report introduces a project to pro-
vide highly accurate, selected thermophysical
properties data for R-32, R-123, R-124, and R-
125. The thermodynamic data aiso will be fit to
modified Benedict-Webb-Rubin (MBWR) and
improved Carnahan-Starling-DeSantis (CSD), or
Carnahan-Starling-DeSantis-Morrison  (CSDM),
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equations of state for each flud. The CSDM
equation takes into account the effects of the
dipole moment to improve modelling of blends
of very polar fluids, such as R-32/134a. Viscos-
ity and thermal conductivity data for R-32 and
thermal conductivity data for R-123 will be cor-
related for use In transport property models.
Measurements in this reporting period have fo-
cused on the PVT behavior and vapor pressure
of R-32, thermal conductivity of R-123, and
speed of sound in R-124. Plots compare the
measured and calculated vapor pressure data
for R-32 and measured thermal conductivity of
R-123 with similar data from prior studies by
other researchers. The report also summarizes
ongoing property measurements and modelling
for the same fluids in companion research.
[See RDB2801 for update]

G. Latini, P. Pierpaoli, and F. Polonara (Universita di
Ancona, italy), Dynamic Viscosity and Thermal
Conductivity Prediction of Refrigerants and Re-
frigerant Mixtures, Proceedings of the 1992 Inter-
national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 489-498, July 1992 (9 pages
with 7 tables, RDB2832)

R. C. McHarness and D. C. Chapman, Refrigerat-
ing Capacity and Performance Data for Various
Refrigerants, Azeotropes, and Mixtures, Trans-
actions, American Society of Heating, Refrig-
erating, and Alr-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 67, 1961 (RDB3213)

M. O. MclLinden (National Institute of Standards
and Technology, NIST), Thermodynamic Proper-
ties of CFC Alternatives — A Survey of Available
Data, CFCs: Today's Options — Tomorrow’s Solu-
tions (proceedings of ASHRAE CFC Technology
Conference, Gaithersburg, MD, 27-28 September
1989), American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, pages 17-31, 1990; republished in International
Journal of Refrigeration, Paris, France, volume 13,
number 5, May 1990, pages 149-162 (15 pages with
29 figures and 5 tables, RDB0912)

Thermodynamic properties, from a variety of
sources Including unpublished data, are sum-
marized for ten potential substitutes for CFC re-
frigerants. The fluids include R-22, R-23, R-32,
R-123, R-124, R-125, R-134a, R-142b, R-143a,
and R-152a. The data include triple-point, nor-
mal boiling point, and critical point parameters,
and the temperature dependence of the vapor
pressure, saturated liquid density, and ideal-gas
data heat capacity. Also considered are single-
phase PVT data. The saturation and ideal-gas
data are fit to simple correlations.
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M. O. McLinden (National Institute of Standards
and Technology, NIST), Physical Properties of
Alternatives to the Fully Halogenated Chioro-
fluorocarbons, publication unknown, National In-
stitute of Standards and Technology, Boulder, CO,
1989 (RDB0906)

The properties of nine halogenated hydrocar-
bons are collected from a variety of sources, in-
cluding unpublished data. These data are eval-
uated and correlated. Considered are the triple
point, normal bolling point, and critical point pa-
rameters and the temperature depencence of
the vapor pressure, saturated liquid density, sol-
ubility in water, and hydrolysis rates. The fluids,
which are potential alternatives to the fully halo-
genated chlorofluorocarbons, are R-22, R-123,
R-124, R-125, R-124, R-134a, R-141b, R-142b,
and R-152a; also included is the solvent R-140a
(methyl chloroform).

M. O. MclLinden, J. S. Gallagher, L. A. Weber, G.
Morrison, D. Ward, A. R. H. Goodwin, M. R.
Moldover, J. W. Schmidt, H. B. Chae, T. J. Bruno, J.
F. Ely, and M. L. Huber (National Institute of Stan-
dards and Technology, NIST), Measurement and
Formulation of the Thermodynamic Properties
of Refrigerants 134a (1,1,1,2-Tetrafluoroethane)
and 123 (1,1-Dichloro-2,2,2-Trifiuoroethane), pa-
per 3282 (RP-588), Transactions, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 95, part 2,
pages 263-283, 1989 (21 pages, RDB(0913)

Thermodynamic properties of R-134a and R-123
are formulated using a modified Benedict-
Webb-Rubin (MBWR) equation of state fit to ex-
perimental measurements of the critical point,
vapor pressure, saturated liquid and vapor vol-
umes, superheated pressure-volume-tempera-
ture (PVT) behavior, and second virial coeffi-
cients derived from PVT and sound speed mea-
surements. The heat capacity of the ideal gas
reference state is determined from sound speed
measurements on the low density vapor. Sur-
face tensions are also presented. The experi-
mental methods and results are summarized,
compared to the property formulation, and
compared to other sources in the iiterature. Ta-
bles and diagrams of the thermodynamic prop-
erties of R-123 and R-134a, prepared using the
MBWR equation of state, are presented. While
the various measurements cover different
ranges of temperature and pressure, the MBWR
formulation is applicable in both the liquid and
vapor phases at pressures up to 10,000 kPa
(1500 psia); the applicable temperature range is
233 to 450 K (-40 to 350 °F) for R-134a and 255
to 450 K (0 to 350 °F) for R-123. This paper
summarizes the results of ASHRAE research
project RP-588.

please see pages 5-8 for ordering information
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R. C. Miller, A. D. Ceballos, K. R. Hall, and J. C.
Holste (Texas A&M University), Accurate Vapor
Pressures for Refrigerants, Proceedings of the
1992 International Refrigeration Conference — En-
ergy Efficiency and New Refrigerants, edited by D.
R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 479-487, July 1992
(9 pages with 3 figures and 2 tables, RDB2831)

G. Morrison and J. S. Gallagher (National Institute
of Standards and Technology, NIST), REFPROP: A
Thermodynamic Properties Software Program
for Refrigerants and Their Mixtures, publication
unknown, 1990 (12 pages with 2 figures, available
from JMC as RDB0914)

This paper Iintroduces REFPROP, a computer
software package that produces tables of ther-
modynamic properties for 15 refrigerants and 20
of their binary mixtures. It addresses the Car-
nahan-Starling-DeSantis (CSD) equation of state
chosen for property calculations, the software
subroutines included, and sources used to ob-
tain the incorporated property data. The paper
compares output to source data for R-123.
(Please see RDB2430 for further information on
REFPROP.)

G. Morrison and M. O. McLinden, Application of a
Hard Sphere Equation of State to Refrigerants
and Refrigerant to Mixtures, NBS Technical Note
1226, National Institute of Standards and Technol-
ogy (then the National Bureau of Standards),
Gaithersburg, MD, August 1986 (156 pages, avail-
able from JMC as RDB0911)

The Carnahan-Starling-DeSantis (CSD) equation
of state is applied to halogenated hydrocarbon
refrigerants and their mixtures. A set of thermo-
dynamic functions is derived from the PVT
equation of state and the ideal gas heat capaci-
ties. Reference states are discussed for both
pure materials and mixtures. Although the
model exhibits a critical point, it does not quan-
titatively represent properties in the critical re-
gion. Despite this limitation, this model can rep-
resent both liquid and gaseous mixtures away
from their own critical points, even at conditions
near to and above the critical points of their
components. Algorithms and FORTRAN rou-
tines for the use of this model are presented
along with the numerical coefficients for 11 pure
refrigerants and 7 mixtures. Routines for evalu-
ating the coefficlents from saturation data are
included. Several examples of the application of
this equation of state are presented to demon-
strate its versatility. The average deviation from
the tabulated saturation properties of the 11
pure refrigerants is 0.54% for pressures, 0.09%
for liquid volumes, and 0.50% for vapor vol-
umes.
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G. Morrison and D. K. Ward (National Institute of
Standards and Technology, NIST), Thermody-
namic Properties of Two Alternative Refriger-
ants, 1,1-Dichioro-2,2,2-Trifluoroethans (R-123)
and 1,1,1,2-Tetrafluoroethane (R-134a), publica-
tion unknown, undated (38 pages with 11 figures
and 7 tables, available from JMC as RDB0907)

This paper describes property measurements
for R-123 and R-134a. A simple variable-volume
sapphire cell was used to obtain vapor-liquid-
equilibrium measurements. Vapor pressures
and saturation liquid densities are presented for
R-134a from -5 °C (23 °F) to the critical temper-
ature, and for R-123 at 30-100 °C (85-210 °F).
Saturation vapor density was aiso determined
for R-134a from 35 °C (95 °F) to the critical point,
where the critical conditions were measured. A
mechanical oscillator densimeter was used to
provide density measurements of the com-
pressed liquids. These measurements are pre-
sented from the saturation pressure to 5.5 MPa
(800 psi) for R-134a and to 3.5 MPa (500 psi) for
R-123 at 5-95 °C (40-200 °F). Results are sum-
marized and compared with similar mea-
surements made by other groups.

T. W. Phillips and K. P. Murphy (AllledSignal Incor-
porated, then Allled Chemical Corporation), Liquid
Viscosity of Halogenated Refrigerants, paper
2152, Transactions, American Society of Heating,
Refrigerating, and Alr-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 76, part Il, pages
146-156, June 1970 (12 pages with 5 figures and 3
tables, RDB2315)

Liquid viscosity data are tabulated for R-11, R-
12, R-13, R-22, R-114, R-115, R-133a, R-152a, R-
500, R-502, R-31/R-114, R-115/R-152a, R-503,
R-504, and R-32/R-12.

T. W. Phillips and K. P. Murphy (AlliedSignal Incor-
porated, then Allied Chemical Corporation), Liquid
Viscosity of Halocarbons, Journal of Chemical
and Engineering Data, volume 15, number 2, pages
304-307, February 1970 (4 pages with 5 figures and
5 tables, RDB2314)

K. Raznjevic, Handbook of Thermodynamic Ta-
bles and Charts, Hemisphere Publishing Corpora-
tion, Washington, DC, and McGraw-Hill Book
Company, New York, NY, 1976 (RDB3211)

J. R. Sand, S. K. Fischer (Oak Ridge National Labo-
ratory, ORNL), and J. A. Jones (Jet Propulsion
Laboratory, California Institute of Technology), Ex-
perimentally Determined and Estimated CSD
and LKP Interaction Coefficlents for Ozone-Safe
Refrigerant Mixtures, /nternational Journal of Re-
frigeration, Paris, France, in publication (RDB2336)

Estimates of Iinteraction coefficients (ICs) are
provided for binary refrigerant blends for both
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the Camahan-Starling-Desantis (CSD) and Lee-
Kesler-Plocker (LKP) equations of state (EOS).
These IC values characterize the non-ideal be-
havior of mixtures, and are useful in calculating
thermodynamic properties. The estimates were
determined by least-squares fits of the CSD and
LKP equations to previously measured, satu-
rated vapor pressure (bubble point) data. 71
mixtures of 8 different refrigerants in 18 binary
combinations were analyzed. The combinations
included R-12/R-152a, R-22/R-124, R-22/R-134,
R-22/R-134a, R-22/R-142b, R-22/R-152a, R-
23/R-22, R-23/R-134a, R-124/R-142b, R-134/R-
124, R-134/R-142b, R-134a/R-124, R-134a/R-
134, R-134a/R-142b, R-134a/R-152a, R-152a/R-
124, R-152a/R-134, and 152a/R-142b. The pa-
per describes the use of IC values, experimental
apparatus used to measure the data, presents
the resulting ICs, and discusses variances found
with previously determined values. Good
agreement was found for several known blends,
but poor agreement resulted for the well char-
acterized R-22/R-142b biend; further experi-
mental verification is recommended. Compar-
isons between experimental ICs and those cal-
culated from physicai properties or critical con-
stants of the components suggest that refine-
ment of the property calculation algorithms may
be desirable.

|. R. Shankland, Transport Properties of CFC Al-
ternatives, unpublished presentation (Symposium
on Global Climate Change and Refrigerant Proper-
ties, AIChE Spring National Meeting, Orlando, FL,
1990), Buffalo Research Laboratory, AlliedSignal
Incorporated, Buffalo, NY, March 1990 (31 pages,
available from JMC as RDB0517)

R. R. Singh, E. A. E. Lund, and |. R. Shankiand,
(AlliedSignal Incorporated), Thermophysical Pro
erties of HFC-32, HFC-125, and HFC-32/HFC-
125, unidentified publication (8 pages with 3 figures
and 4 tables, RDB2234)

N. D. Smith, New Chemical Alternatives for CFCs
and HCFCs, Environmental Research Brief EPA-
600/F-92-012, U.S. Environmental Protection
Agency (EPA), Research Triangle Park, NC, 24
March 1992 (2 pages with 2 tables, available from
JMC as RDB3405)

This summary outlines efforts to identify alterna-
tive refrigerants. It mentions a panel, convened
to assess the potential for finding suitable aiter-
native chemicals. It discusses the trade offs, in
replacing one or more chiorine or bromine
atoms in familiar refrigerants with hydrogen,
between desired environmental characteristics
and flammability, toxicity, and loss in efficiency.
It reviews a search and cooperatively funded
project, with the Electric Power Research Insti-

Page 59

tute (EPRI), at Clemson University and the Uni-
versity of Tennessee. The goals were to synthe-
size and determine relevant physical properties
of numerous fluorinated propanes, butanes, and
ethers. Chemical formulae and normal boiling
points are tabulated for 34 compounds consid-
ered. 11 are identified for further characteriza-
tion; their chemical names and the refrigerants
they might replace are tabulated. Additional
testing of these 11 candidates is continuing.
This research includes determination of atmo-
spheric stability and tests of acute inhalation
toxicity, materials compatibility, vapor thermal
conductivity, and refrigeration performance.
The 11 selected chemicals include nine hydro-
fluorocarbons (HFCs), namely R-227ca, R-
227ea, R-236¢cb, R-236ea, R-236fa, R-245ca, R-
245cb, R-245fa, and R-254cb. They also include
two ethers, E-125 and E-143a.

K. Watanabe, H. Sato, and Z-Y. Qian (Kelo Univer-
sity, Japan), Thermodynamic Properties of New
Refrigerants — HFC-32 and HFC-128, Proceed-
ings of the 1992 International Refrigeration Confer-
ence — Energy Efficiency and New Refrigerants,
edited by D. R. Tres and J. E. Braun, Purdue Uni-
versity, West Lafayette, IN, volume 2, pages 443-
452, July 1992 (10 pages with 9 figures, RDB2827)

L. A. Weber (National Institute of Standards and
Technology, NIST), Criteria for Establishing Ac-
curate Vapor Pressure Curves, Proceedings of
the 1992 International Refrigeration Conference —
Energy Efficiency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 463-471, July 1992
(9 pages with 4 figures, RDB2829)

L. A. Weber (Natlonal Institute of Standards and
Technology, NIST), Thermophysical Properties of
Some Selected Alternative Refrigerants, presen-
tation at the 1990 USNC/IIR-Purdue Refrigeration
Conference and ASHRAE-Purdue CFC Conference
(Purdue University, West Lafayette, IN, July 1990);
published in the Proceedings of the 1992 Inter-
national Refrigeration Conference - Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 703-712, July 1992 (10 pages
with 8 figures and 1 table, available from JMC as
RDB0908)

Research on thermophysical properties for six
candidate alternative refrigerants is summa-
rized. Properties measured include gas- and
liquid-phase PVT, vapor pressure, surface ten-
sion, index of refraction, dielectric constant,
gas-phase speed of sound, critical parameters
and materials compatibility. Results have been
obtained for R-123, R-125, R-134, R-134a, and
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R-141b; some properties have been obtained for
E-134.

E. G. Wright (E. I. DuPont de Nemours and Com-
pany, Incorporated), Prediction of Refrigerant
Ternary Mixture Properties Using the Redlich-
Kwong-Soave Equation of State, Advances in
Nonazeotropic Mixture Refrigerants for Heat
Pumps, technical data bulletin, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, pages 37-52, June
1985 (RDB2331)

ASHRAE Thermodynamic Properties of Refrig-
erants, inch-pound (IP) version, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, 1986 (508 pages.
RDB3208)

ASHRAE Thermodynamic Properties of Refrig-
erants, metric (SI) version, American Society of
Heating, Refrigerating, and Air-Conditioning Engl-
neers (ASHRAE), Atlanta, GA, 1986 (472 pages,
RDB3209)

| Please see RDB3208 for abstract

Gas Heat Capacity, preliminary information bul-
letin, Buffalo Research Laboratory, AllledSignal In-
corporated, Buffalo, NY, 23 May 1990 (1 page with
1 table, available from JMC as RDB0506)

An equation is provided to caiculate the gas
heat capacity of refrigerants in Btu/Ib°R as a
function of temperature in °R. Coefficients are
provided for R-123, R-123a, R-124, R-125, R-
134, R-134a, and R-143a. The information pre-
sented is preliminary and estimated.

Liquid Density, preliminary information bulletin,
Buffalo Research Laboratory, AllledSignal Incorpo-
rated, Buffalo, NY, 1 May 1990 (1 page with 1 table,
available from JMC as RDB0507)

An equation is provided to calculate the liquid
density of refrigerants in Ib/cf as a function of
critical properties. Coefficients are provided for
R-123, R-123a, R-124, R-125, R-134, R-134a, and
R-143a. The Iinformation presented is pre-
liminary and estimated.

Revision of the ASHRAE "Thermophysical Prop-
erties of Refrigerants®, research project 558-RP,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA, De-
cember 1987 - ongoing (ASH0558)

The objective of this project is to update a stan-
dard reference on refrigerant properties. The
work comprises a literature search, data analy-
sis, development of empirical or semi-empirical
property equations, and preparation of tables.
The fluids addressed include R-11, R-12, R-13,
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R-13B1, R-14, R-22, R-50 (methane), R-113, R-
114, R-115, R-142b, R-152a, R-170 (ethane), R-
290 (propane), R-C318, R-500, R-502, R-503, R-
600 (butane), R-600a (isobutane), R-702
(hydrogen), R-702a (p-hydrogen), R-704
(helium), R-717 (ammonia), R-718 (water), R-720
(neon), R-728 (nitrogen), R-729 (air), R-732)
oxygen), R-740 (argon), R-744 }carbon dioxide),
R-1150 (ethylene), and R-1270 (propylene). The
contractor is Purdue University, led by P. E. Lil-
ley and P. D. Desal; It s sponsored by ASHRAE
1B'e_chnlca| Committee 3.1, Refrigerants and
rines.

Liquid Viscosity Correlation, preliminary informa-
tion bulletin, Buffalo Research Laboratory, Al-
liedSignal Incorporated, Buffalo, NY, 23 May 1990
(1 pa)ge with 1 table, available from JMC as RDB-
0508

A correlation Is provided to calculate the viscos-
ity of refrigerants, in Ib/hrft, in their liquid state
as a function of temperature, in °R. Coefficients,
based on measurements in the range of -20 to
+80 °C (4 to +176 °F), are provided for R-123,
R-123a, R-124, R-125, and R-134a. An equation
Is included to estimate the viscosity of R-134a in
its vapor state. The information presented is
preliminary and estimated.

Liquid Thermal Conductivity Correlation, pre-
liminary information bulletin, Buffalo Research Lab-
oratory, AlliedSignal Incorporated, Buffalo, NY, 23
May 1990 (1 page with 1 table, available from JMC
as RDB0509)

A correlation Is provided to calculate the thermal
conductivity of refrigerants, in Btu/hrft°F, in
their liquid state as a function of temperature, in
°F. Coefficients, based on measurements in the
range of 25-70 °C (77-158 °F), are provided for
R-123, R-123a, R-124, R-125, and R-134a. The
information presented is preliminary and esti-
mated.

Martin-Hou Equations of State, preliminary infor-
mation bulletin, Buffalo Research Laboratory, Al-
liedSignal Incorporated, Buffalo, NY, May 1990 (3
pages with 2 tables, available from JMC as RDB-
0505)

The Martin-Hou equation of State and related
equations to calculate the enthalpy and entropy
of refrigerants are presented. Reference points
and coefficlents are provided, in consistent inch-
pound units, for R-123, R-123a, R-124, R-125, R-
134, R-134a, and R-143a. The information pre-
sented is preliminary and estimated.

Pressure-Enthalpy Graphs for the Alternative
Refrigerants R-32, R-123, R-125, R-134s, and R-
141b, research project 743-RP, American Soclety
of Heating, Refrigerating, and Air-Conditioning En-
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gineers (ASHRAE), Atlanta, GA, April 1992 - Octo-
ber 1992 (ASH0743)

The contractor for the project is University of
Idaho, led by S. G. Penoncello; it is sponsored
by ASHRAE Technical Committee 3.1, Refriger-
ants and Brines.

REFPROP, A Program for the Caiculation of the
Thermodynamic Properties of Refrigerants and
Refrigerant Mixtures, description, National Insti-
tute of Standards and Technology, Gaithersburg,
MD, January 1990 (4 pages, RDB1104)

REFPROP calculates thermodynamic properties
of refrigerants, both single component and
mixtures. Tables produced by REFPROP can
be used In estimating the efficlency and capa-
bility for a wide range of equipment with con-
ventional and alternative refrigerants. This user-
friendly package generates saturation property
tables at desired temperatures or pressures, as
well as tables of propertles with the independent
variables chosen from pressure, volume, tem-
perature, entropy, and enthalpy. Dependent
variables include those mentioned plus con-
stant-pressure and constant-volume heat ca-
pacities, and velocities of sound. Version 1.0 of
REFPROP calculates properties for 15 pure re-
frigerants and 20 binary mixtures. The calcula-
tions are based on wide-ranging measurements,
including new data for refrigerants R-123, R-124,
R-134, and R-134a, as well as revised correla-
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-
han-Starling-DeSantis (CSD) equation of state
and ideal gas heat capacities are used. REF-
PROP runs on I1BM-compatible personal com-
puters. Future upgrades will include additional
refrigerants and ternary blends. (Please see
RDB2430 for further information on REFPROP.)

Selected Physical Properties of HCFC-123,
HCFC-123a, HCFC-124, HFC-125, HFC-134,
HFC-134a, and HFC-143a, preliminary information
builetin, Buffalo Research Laboratory, AlliedSignal
Incorporated, Buffalo, NY, May 1990 (1 page with 1
table, available from JMC as RDB0504)

The critical temperature in °F, critical pressure in
psia, critical density in Ib/cf, boiling point tem-
perature In °F, and molecular weight (relative
molezular mass) are tabulated for R-123, R-
123a, R-124, R-125, R-134, R-134a, and R-143a.
The Information presented Is preliminary and
estimated.

Thermodynamic Properties of Refrigerants 125
and 141b, research project 654-RP, American So-
ciety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, September 1990
- December 1992 (ASH0654)
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This study will determine the liquid densities,
vapor densities, vapor pressures, PVT proper-
ties, enthalpy, entropy, specific heat, and sound
velocities of R-125. Vapor specific heat and PVT
will be determined for R-141b. Critical temper-
atures and pressures will be determined for
each substance. : The contractor for the project
is Texas A&M University led by J. C. Holste; it is
sponsored by ASHRAE Technical Committee
3.1, Refrigerants and Brines.

Thermophysical Properties of Environmentaliy
Acceptable Fluorocarbons -~ HFC-134s and
HCFC-123, Japanese Association of ‘Refrigeration
and Japan Flon Gas Association, Tokyo, Japan,
1991 (304 pages with 83 figures and 99 tables in
both Japanese and English, RDB2235)

This comprehensive volume summarizes criti-
cal, thermodynamic, transport, physical, chemi-
cal, compatibility, and other data available on R-
123 and R-134a. Included are tabular data
and/or plots for solubility, refractive index, di-
electric constant, dielectric strength, PVT prop-
erties and equations of state, enthalpy, entropy,
isobaric and isochoric specific heat capacity,
isentropic exparnsion exponent, speed of sound,
surface tension, viscosity, kinematic viscosity,
and thermal conductivity. Data on thermal and
chemical stabilty are summarized, including
weight and length changes with polypropylene,
polystyrene, polyethylene, polyvinyichloride,
polyamide, polyimide, chlorinated and chioro-
sulfonated polyethylene, nitrile butadiene rub-
ber, Butyl(™) rubber, fluorocarbon rubber,
ethylene propylene diene terpolymer (EPDM),
urethane rubber, and polychloroprene. Safety
data, including toxicity and flammability, are
summarized. The volume contains an extensive
list of references as well as discussion of the
ranges and differences among property sources
identified. An introductory section outlines con-
versions among several metric systems, in-
cluding SlI, and inch-pound units. It also reviews
the environmental concerns with chiorofiuoro-
carbon (CFC) refrigerants.

Thermophysical Properties of Pure Substances
and Mixtures for Refrigeration, proceedings of the
meeting of IR Commissions B1 (Herzlia, israel,
March 1990), international Institute of Refrigeration,
Paris, France, 1990 (278 pages with 33 papers,
RDB1103)

Thermophysical Properties of Refrigerants,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
1976 (252 pages with 42 tables, RDB3210)

This reference provides viscosity, thermal con-
ductivity, and specific heat data, along with em-
pirical or semi-empirical property equations, for
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refrigerants In inch-pound (IP) units. Conver-
sion tables are provided for other units of mea-
sure. The flulds addressed Include R-11, R-12,
R-13, R-1381, R-14, R-21, R-22, R-23, R40
(methyl chloride), R-50 (methane), R-113, R-114,
R-115, R-142b, R-152a, R-170 (ethane), R-290
(propane), R-C318, R-500, R-502, R-503, R-504,
R-600 (butane), R-600a (isobutane), R-702
(hydrogen), R-702a (p-hydrogen), R-704 (hell-
um), R-717 (ammonia), R-718 (water), R-720
(neon), R-728 (nitrogen), R-729 (air), R-732) ox-
ygen), R-740 (argon), R-744 (carbon dioxide), R-
1150 (ethylene), and R-1270 (propylene). More
than 1000 references are cited.

Thermophysical Properties of Refrigerants 123
and 134a, proposed research project 655A-TRP,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA, in
planning (ASH0655A)

This project is sponsored by ASHRAE Technical
Committee 3.1, Refrigerants and Brines.

Thermophysical Properties of Refrigerants 125
and 141b, proposed research project 6558-TRP,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA, in
planning (ASH0655B)

This project is sponsored by ASHRAE Technical
Committee 3.1, Refrigerants and Brines.

Transport Properties of Suve(R) Refrigerants:
Suva(R) Cold-MP (HFC-134a), Suva(R) Trans A/C
(HFC-134a), and Suva(R) Centri-LP (HCFC-123),
product information report ART-1 (H-43855-1),
DuPont Chemicals, Wilmington, DE, September
1992 (24 pages with 18 figures, available from JMC
as RDB3438)

This report provides plots and equations for es-
timation of the transport properties of R-123 and
R-134a. Liquid viscosity, liquid thermal conduc-
tivity, saturated liquid heat capacity, vapor vis-
cosity at atmospheric pressure, vapor thermal
conductivity at atmospheric pressure, vapor
heat capacity, and vapor heat capacity ratio
(C,/C,) are addressed. Corresponding data
aré plotted for R-11 and R-12 for all but the va-
por heat capacity data for comparison. The
plots and equations are repeated in inch-pound
(IP) and metric (S1) units. The equations are
based on curve fits of measured data.

Transport Properties of Suva(R) Refrigerants:
Suva(R) MP39, Suva(R) MP52, and Suva(R) MPé8,
product information report ART-10 (H-45949),
DuPont Chemicals, Wilmington, DE, January 1993
(32 pages with 24 figures, available from JMC as
RDB3440)
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This report provides plots and equations for es-
timation of the transport properties of R-401
(33/15/62), R-401 (53/13/34), and R-401
(61/11/28). These three refrigerants are zeo-
tropic blends of R-22, R-152a, and R-124 (R-
22/152a/124). Saturated liquid viscosity, ther-
mal conductivity, and heat capacity; vapor vis-
cosity at atmospheric pressure; vapor thermal
conductivity at atmospheric pressure; vapor
heat capacity; and vapor heat capacity ratio
(Co/C,) are addressed. Plots provide correc-
tion factors for vapor viscosity at higher pres-
sures for vapor densities to 110 kg/m3 (7 Ib/cf).
The plots and equations are repeated in inch-
pound (IP) and metric (Sl) units. The equations
are based on curve fits of measured data.
DuPont's product names for R-401 (33/15/52),
R-401 (53/13/34), and R-401 (61/11/28) are
Suva(R) MP52, Suva(R) MP39, and Suva(R) MP66
respectively.

Vapor Thermal Conductivity Correlation, pre-
liminary information bulletin, Buffalo Research Lab-
oratory, AlliedSignal Incorporated, Buffalo, NY, 23
May 1990 (1 page with 1 table, available from JMC
as RDB0510)

A correlation is provided to calculate the thermal
conductivity of refrigerants, in Btu/hrft°F, in
their vapor state as a function of temperature, in
°F. Coefficients, based on measurements in the
range of 25-70 °C (77-158 °F), are provided for
R-123, R-123a, R-124, and R-134a. The infor-
mation presented is preliminary and estimated.

Vapor Pressure, preliminary information builetin,
Buffalo Research Laboratory, AlliedSignal incorpo-
rated, Buffalo, NY, 1 May 1990 (1 page with 1 table,
available from JMC as RDB0511)

An equation is provided to calculate the vapor
pressure of refrigerants in psia as a function of
temperature in °R. Coefficients are provided for
R-123, R-123a, R-124, R-125, R-134, R-134a, and
R-143a. The information presented is pre-
liminary and estimated.

APPLICATION DATA

Heat Transfer

K. |. Bell, G. F. Hewitt, and S. D. Morris, Nucleate
Pool Bolling ot Refrigerant-Oll Mixtures, Experi-
mental Heat Transfer, volume 1, number 1, 1987
(RDB2402)
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B. Bella, A. Cavallini, G. A. Longo, and L. Rossetto
(Universita di Padova, Italy), Pure Refrigerant
Condensation on a Single Integral Finned Tube:
Vapor Voloclg Effects, Proceedings of the 1992
International Refrigeration Conference — Energy
Efficiency and New Refrigerants, edited by D. R.
Tree and J. E. Braun, Purdue University, West Lafa-
yette, IN, volume 1, pages 177-186, July 1992 (10
pages with 7 figures and 2 tables, RDB2719)

D. B. Bivens and A. Yokozeki (DuPont Chemicals),
Heat Transfer of Refrigerant Mixtures, Proceed-
ings of the 1992 International Refrigeration Confer-
ence — Energy Efficiency and New Refrigerants,
edited by D. R. Tree and J. E. Braun, Purdue Uni-
versity, West Lafayette, IN, volume 1, pages 141-
148, July 1992 (8 pages with 5 figures and 1 table,
RDB2715)

J. B. Chaddock and H. K. Varma (Duke University),
An Experimental investigation of Dry-Out with R-
22 Evaporating in a Horizontal Tube, Transac-
tions, American Soclety of Heating, Reftigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, volume 85, part 2, 1979 (RDB3321)

S. Chongrungreong and H. J. Sauer, Jr. (University
of Missouri at Rolla), Nucleate Boiling Perfor-
mance of Refrigerants and Refrigerant Oil Mix-
tures, Journal of Heat Transfer, American Society
of Mechanical Engineers (ASME), New York, NY,
volur;\e 102, number 4, pages 701-704, 1980 (RDB-
2401

J. C. Conkiin and E. A. Vineyard (Oak Ridge Na-
tional Laboratory, ORNL), Flow Boiling Enhance-
ment of R-22 and a Nonazeotropic Mixture Using
Perforated Foils, paper BA-92-4-3 (Annual Meet-
ing, Baltimore, MD, June 1992), Transactions,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 98, part 2, pages 402-410, 1992 (9 pages
with 12 figures, RDB2611)

J. C. Conklin (Oak Ridge National Laboratory,
ORNL) and E. Granryd (Royal Institute of Technol-
ogy, Sweden), Thermal Performance Analysis for
Heat Exchangers Having a Variabie Overall Heat
Transfer Coefficlent, paper 91-WA-NE-7 (ASME
Winter Annual Meeting, Atlanta, GA), American So-
clety of Mechanical Engineers (ASME), New York,
NY, December 1991 (6 pages with 5 figures and 4
taties, RDB2341)

J. C. Conkiin and E. A. Vineyard (Oak Ridge Na-
tional Laboratory, ORNL), Tubeside Condensa-
tion of Nonazeotropic Refrigerant Mixtures for
Two Enhanced Surfaces, Proceedings of the
ASME /JSME Thermal Engineering Joint Confer-
ence, American Society of Mechanical Engineers
(ASME), New York, NY, USA, Japan Society of Me-
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chanical Engineers (JSME), Tokyo, Japan, volume
3, pages 251-256, 1991 (6 pages with 9 figures,
RDB2410)

J. C. Conklin and E. A. Vineyard (Oak Ridge Na-
tional Laboratory, ORNL), Tubeside Evaporation
of Nonazeotropic Refrigerant Mixtures from Two
Enhanced Surfaces, paper 90-WA-HT-8 (ASME
Winter Annual Meeting, Dallas, TX), American Soci-
ety of Mechanical Engineers (ASME), New York,
yzziz;slovember 1990 (7 pages with 9 figures, RDB-

S. J. Eckeis and M. B. Pate (lowa State University
of Science and Technology), In-Tube Evaporation
and Condensation of Refrigerant-Lubricant Mix-
tures of HFC-134a and CFC-12, Transactions,
American Society of Heating, Refrigerating, and Air-
Condtitioning Engineers (ASHRAE), Atlanta, GA,
volume 97, part 2, 1991; republished in Alternative
Refrigerants, technical data bulletin 7(3), ASHRAE,
pages 1-9, October 1991 (9 pages with 15 figures
and 2 tables, RDB2612)

S. J. Eckels and M. B. Pate (lowa State University
of Science and Technology), Evaporation and
Condensation of HFC-134a and CFC-12 in a
Smooth Tube and a Micro-Fin Tube, Trans-
actions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 97, part 2, 1991; republished in
Alternative Refrigerants, technical data bulletin 7(3),
ASHRAE, pages 10-20, October 1991 (11 pages
with 14 figures and 7 tables, RDB2613)

S. J. Eckels and M. B. Pate (lowa State University
of Science and Technology), An Experimental
Comparison of Condensation Heat Transfer Co-
efficients for HFC-134a and CFC-12, /nternational
Journal of Refrigeration, Paris, France, volume 13,
number 11, November 1990; republished In Pro-
ceedings of the 1990 USNC/IIR-Purdue Refrigera-
tion Conference and ASHRAE-Purdue CFC Confer-
ence, edited by D. R. Tree, Purdue University, West
Lafayette, IN, July 1990 (RDB2238)

S. J. Eckels and M. B. Pate (lowa State University
of Science and Technology), A Comparison of R-
134a and R-12 In-Tube Heat Transfer Coeffi-
cients Based on Existing Correlations, CFC After-
natives, technical data bulletin 6(1), American Soci-
ety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, pages 25-34,
June 1990; republished in Transactions, American
Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers, Atlanta, GA, volume 96, part 1,
1990 (10 pages with 16 figures and 2 tables, RDB-
2239)

please see pages 5-8 for ordering information
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D. Gorenfio, P. Blein, G. Herres, W. Rott, H. Sché-
mann, and P. Sokol (Universitdt Paderbom, Ger-
many), Heat Transfer at Pool Boiling of Mixtures
with R22 and R114, /nternational Journal of Re-
frigeration, Paris, France, volume 11, number 7,
pages 257-263, July 1988 (7 pages with 9 figures
and 2 tables, RDB3449)

E. Granryd (Royal Institute of Technology, Swe-
den), Heat Transfer in Flow Evaporation of Non-
azeotropic Refrigerant Mixtures — a Theoretical
Approach, paper 251, proceedings of the XVlilith
International Congress of Refrigeration (Montreal,
Québec, Canada, August 1991), International In-
stitute of Refrigeration, Paris, France, August 1991
(12 pages with 6 figures, RDB2409)

E. Granryd (Royal Institute of Technology, Sweden)
and J. C. Conklin (Oak Ridge National Laboratory,
ORNL), Thermal Performance Analysis for Heat
Exchangers Using Nonazeotropic Refrigerant
Mixtures, Heat Transfer in Advanced Energy Sys-
tems, American Society of Mechanical Engineers
(ASME), New York, NY, Heat Transfer Division vol-
ume 151 and Advanced Energy Systems Division
volume 18, pages 25-32, November 1990 (8 pages
with 10 figures, RDB2330)

N. S. Gupte (Carrier Corporation) and R. L. Webb
(Pennsylvania State University), Convective Va-
porization of Refrigerants in Tube Banks, paper
BA-92-4-4 (Annual Meeting, Baltimore, MD, June
1992), Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 98, part 2, pages
411-424, 1992 (14 pages with 27 figures and 2 ta-
bles, RDB2607)

S. Ha (Goldstar Company Limited, Korea) and A. E.
Bergles (Rensselaer Polytechnic Institute), The In-
fluence of Oil on Local Evaporation Heat Trans-
fer inside a Micro-Fin Tube, paper CH-93-14-5
(Winter Meeting, Chicago, IL, January 1993), Trans-
actions, American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 99, part 1, 1993 in publication (12
pages with 17 figures and 1 table, RDB3113)

D. L. Hinton (Tennessee State University), J. C.
Conklin, and E. A. Vineyard (Oak Ridge National
Laboratory, ORNL), Evaporation of an R143a and
R124 NARM Iinside Smooth and Corrugated
Tubes, paper 92-WA/HT-5, American Society of
Mechanical Engineers (ASME), New York, NY,
November 1992 (6 pages with 8 figures, RDB3339)

D. L. Hinton (Tennessee State University), J. C.
Conkiin, and E. A. Vineyard (Oak Ridge National
Laboratory, ORNL), Evaporation Characteristics
of R-22 Flowing Inside a Corrugated Tube, £n-
hanced Heat Transfer (proceedings of the 28th Na-
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tional Heat transfer Conference, San Diego, CA),
edited by M. B. Pate and M. K. Jensen, American
Society of Mechanical Engineers (ASME), New
York, NY, Heat Transfer Division volume 202, pages
127-132, August 1992 (6 pages with 12 figures,
available from JMC as RDB2902)

This paper compares the boiling performance of
R-22 for two tubes, one smooth and one with
corrugated (also called spirally indented) heat
transfer enhancement. The investigation serves
as the reference case for future work on
zeotropic mixtures. The experimental apparatus
and Instrumentation are described; the former
comprises a variatic-speed compressor, vari-
able-orifice flow-metering device, and two sets
of counterflow, concentric-tube hea! exchang-
ers with different tube-side surfaces. The mea-
surements reflect use of an alkylbenzene lubri-
cant, with an estimated circulation concentra-
tion of the order of 1%. Two temperature levels
were investigated, corresponding to those for
the heating and cooling modes of air-source
heat pumps at standard rating conditions. The
measured heat transfer coefficlent (HTC) for
evaporation is compared to predictions, based
on corretations from prior studies. HTC Is then
plotted versus heat flux and quality; both HTC
and pressure drop are plotted against mass flux.
The paper concludes that the corrugated tube
geometry does enhance heat transfer over a
wide range of mass and heat fluxes, with the
most significant increase occurring at low quali-
ties. The paper discusses suppression of nu-
cleate boiling in the corrugated tube at lower
mass fluxes; it suggests that evaporator designs
be split to use corrugated tubes where the heat
transfer is highest, at low qualities, and some
other qeometry for the intermediate and high
quality .egions.

D. W. Hughes, J. T. McMullan, K. A. Mawhinney,
and R. Morgan, Influence of Qil on Evaporator
Heat Transfer (Resuits for R-12 and Shell Clavus
88), International Journal of Refrigeration, Paris
France, volume 7, number 3, pages 150-158, May
1984 (10 pages, RDB0923)

Experiments to investigate the influence of lu-
bricating oll on heat transfer and refrigerant flow
in evaporators are described. R-12 and Shell
Clavus 68 oil were used. Efforts were made to
model actual operation as closely as possible.
The oil was found 1o have a significant effect on
refrigerant flow and pressure drop. Measure-
ments made on the heat transfer coefficlent in-
dicated that the oil had different effects de-
pending on the fluid low regime. No effect was
apparent for annular-wavy regimes, but the
presence of oil significantly reduced the heat
transfer coefficient for annular-film flows.
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D. L. Jackman and M. K. Jensen, Nucleate Pool
Boiling of Refrigerant-Oil Mixtures, paper 82-
WA/HT-45, American Society of Mechanical Engl-
neers (ASME), New York, NY, 1982 (RDB2403)

D. Jung and R. Radermacher (University of Mary-
land), Prediction of Heat Transfer Coefficients oi
Various Refrigerants During Evaporation, paper
3492, Transactions, American Soclety of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 97, part 2, pages
48-53, 1991 (6 pages with 7 figures and 3 tables,
RDB2347)

D. Jung (University of Maryland), M. O. McLinden
(National Institute of Standards and Technology,
NIST), R. Radermacher (University of Maryland),
and D. A. Didion (NIST), A Study of Flow-Boiling
Heat Transfer with Refrigerant Mixtures, /nterna-
tional Journal of Heat and Mass Transfer, volume
32, number 9, pages 1751-1764, September 1989
(RDB2348)

B. Jung (University of Maryland), M. O. McLinden
(National Institute of Standards and Tachnology,
NIST), R. Radermacher (University of Maryland),
and D. A. Didion (NIST), Horizontal Flow Boiling
Heat Transfer Experiments with a Mixture of R-
22/R-114, International Journal of Heat and Mass
Transfer, volume 32, pages 131-145, 1989 (RDB-
2903)

D. Jung (National Institute of Standards and
Technology, NIST), Horizontal-Flow Boiling Heat
Transfer Using Refrigerant Mixtures, report ER-
6364, Electric Power Research Institute (EPRI),
Palo Alto, CA, May 1989 (236 pages wirn 62 figures,
14 tables, and two appendices, RDB2B0k)

This report documents a study of horizontal,
conve.tive, bolling heat transfer, including ex-
periments to .neasure two-phase heat transfer
coefficients of refrigerant mixtures. The report
reviews the properties of mixtures, including
those unique to azeotropes, and associated
heat transfer. It then describes experim:.ial
apparatus designed {o simulate evaporator
conditions in heat pump and refrigeration sys-
tems. Measursment approaches are presented
both for heat traiisfer and composition determi-
nation. Measured data are summarized for zeo-
tropic mixtures of R-12 and R-114, both an
azeotropic and zeotropic mixturee R-12 and R-
152a, and their pure components for ranges of
heat flux and mass flow rates. Differenc2s in
bubbie growth are discussed between pure and
mixed fluids. The resuits indicate two distinct
regions of heat transfer, namely partial boiling
and convective evaporation, the former gov-
erned by suppression of nucleate boiling. The
report re* ‘ews analytical studies to predict the
transition quality. Measured, local heat transfer
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coefficients were as much as 36% lower than
the weighted average of the components for
mixtures in the convective region. The study
attributes this reduction to observed differences
in composition in the annular liquid fim for
mixtures with large difference in component
volatilities, such as R-22/114. An approach is
proposed to account for mixture effects based
on phase-equilibrium information.

M. A. Kedzierski and M. P. Kaul, Horizontal Nucle-
ate Flow Bolling Heat Transfer Coefficient Mes-
surement: and Visual Observations for R12,
R134a, anJ R134a/Ester Lubricant Mixtures, re-
port NISTIR 5144, National Institute of Standards
and Technology, Gaithersburg, MD, March 1993
(36 pages with 10 figures and 1 table, available
from NTIS, RDB3418)

This report presents a calorimetric and visual in-
vestigation of nucleate flow boiling of R-12 and
R-134a inside horizontal tubes. Mixtures of R-
134a with 0.9% polyol ester lubricant (Castrol
Icematic(R) SW100) and 0.9 and 2.3% neopentyl
polyol ester (ICI Emkarate(TM) 213b, a develop-
mental lubricant) also were investigated. The
report documents both calorimetric measure-
ments of the local two-phase heat transfer coef-
ficients and simultaneous visual measurements,
using high-speed photography. Derived bubble
diameters and densities are presented. The test
apparatus, Instrumentation procedures, and
calorimetric and visual results are described.
Plots are provided of the heat transfer coeffi-
cient measurements for a range of heat fluxes
for Reynolds. numbers of zero to approaching
10,000. Good agreement was achieved with the
Borishanskii-Minchenko equation. For both R-
12 and R-134a, an increase in either the heat
fiux or Reynolds number of the flow increases
the heat transfer coefficient, though the former
has a larger effect. Visual observations of the
bubble density and size are used tc axplain the
heat transfer trends. Faster bubble formation by
R-134a correlated with superior heat transfer.
The authors offer a probable expianation for ob-
served heat transfer enhancement of neopentyle
polyol ester mixture over pure R-134a. They at-
tribute it to canceling effects cf drastic reduction
in bubble diameters and significant increase in
site density. Boiling appeared to occur from lu-
bricant-rich clouds, acting like porous surfaces,
on the heater portion of the tube.

M. A. Kedzierski, SimuRaneous Visual and
Calorimetric Measurements of R-11, R-123, and
R-123/Alkylbenzene Nucieate Flow Boiling, re-
port NISTIR 4948, National Institute of Standards
and Technology, Gaithersburg, MD, October 1992
(60 pages with 50 figures and 2 tables, available
from NTIS at price code A04, RDB2B07)

please see pages 5-8 for ordering information
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J. Ogata, Y. Iwafujl, Y. Shimada (Mitsubishi Heavy
industries, Limited), and T. Yamazaki (Tokyo Elec-
tric Power Company), Boiling Heat Transfer En-
hancement in Tube-Bundle Evaporators Utilizing
Electric Field Effects, paper BA-92-5-2 (Annual
Meeting, Baltimore, MD, June 1992), Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 98, part 2, pages 435-444, 1992 (10 pages
with 10 figures and 3 tables, RDB2609)

M. M. Ohadi, R. A. Papar, T. L. Ng, M. A. Faani, and
R. Radermacher (University ot Maryland), EHD En-
hancement of Shell-Side Boiling Heat Transfer
Coefficients of R-123/0il Mixture, paper BA-92-5-
1 (Annual Meeting, Baltimore, MD, June 1992),
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 98, part 2, pages 427-434,
1992) (8 pages with 10 figures and 1 table, RDB-
2608

C. Pais and R. L. Webb (Pennsylvania State Univer-
sity), Literature Survey of Pool Boiling on En-
hanced Surfaces, technical paper 3444, Transac-
tions, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, volume 97, part 1, 1991 (RDB2405)

M. B. Pate, Evaporation and Condensation Heat
Transfer Coefficients for HCFC-124/HCFC-
22/HFC-1522, Proceedings of the 1990 USNC/IIR-
Purdue Refrigeration Conference and ASHRAE-
Purdue CFC Conference, edited by D. R. Tree,
Purdue University, West Lafayette, IN, July 1990
(RDB2240)

R. A. Papar, M. M. Ohadi, A. Kumar, and A. |. Ansari
(University of Maryland), Effect of Electrode Ge-
ometry on EHD-Enhanced Boiling of R-123/0il
Mixture, paper CH-93-14-4 (Winter Meeting, Chica-
go, IL, January 1993), Transactions, American So-
ciety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, volume 99, part
1, 1993 in publication (11 pages with 5 figures,
RDB3112)

P. Rohlin (The Royal Institute of Technology, Swe-
den), Coefficients of Performance and Local
Heat Transfer Coefficients for Flow Boiling In-
side Horizonta! Tubes with Nonazeotropic Re-
frigerant Mixtures in a Small Exhaust Air Heat
Pump, Proceedings of the 1992 International Re-
frigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 157-166, July 1992 (10 pages with 8
figures and 1 table, RDB2717)

Test results are presented for three refrigerant
blends in an exhaust-air heat pump, with a
heating capacity of 1050-1450 W (3600-4950
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Btu/h). Such heat pumps are used, widely in
Sweden, to recover heat from exhaust air to
heat service hot water, particularly for large
multifamily residential buildings. Heating coeffi-
clents of performance (COPs), capacities, and
local heat transfer coefficients in the evaporator
are compared to those for R-12. Data for R-
22/R-152a/R-124 (36/24/40) and two blends of
R-22/R-142b (45/55 and 60/40) are plotted and
discussed. The experiments indicate that use of
these zeotropic mixtures can increase both the
COP and capacity despite a large reduction in
the local heat transfer coefficlent. The reduction
is large with the binary mixtures and is eom-
pounded by suppression in nucleate boiling,
also observed by other referenced investiga-
tions. Both the experimental apparatus and an-
alytical methods used are described.

S. M. Sami, J. Schnotale (University of Moncton,
New Brunswick, Canada), and J. G. Smale (DuPont
Canada, Incorporated), Prediction of the Heat
Transfer Characteristics of R-22/R-152a/R-114
and R-22/R-152a/R-124, paper 3602 (Annual
Meeting, Baltimore, MD, June 1992), Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 98, part 2, pages 51-58, 1992 (8 pages with
10 figures and 1 table, RDB2601)

L. M. Schilager, M. B. Pate, and A. E. Bergles, Oil
Quantity Measurements in Smooth and Micro-
Fin Tubes During Evaporation and Condensa-
tion of Refrigerant-Oil Mixtures (RP-489), Trans-
actions, American Soclety of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 97, part 1, 1990 (RDB2241)

L. M. Schlager, M. B. Pate, and A. E. Bergles, Per-
formance Predictions of Refrigerant-Oil Mixtures
in Smooth and Internally Finned Tubes, 2 pa-
pers, Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 96, part 1, 1990
(RDB2242)

L. M. Schlager, M. B. Pate, and A. E. Bergles, Per-
formance of Micro-Fin Tubes with Refrigerant 22
[R-22] and Oil Mixtures, ASHRAE Journal, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, pages
17-28, November 1989 (RDB2243)

L. M. Schiager, M. B. Pate, and A. E. Bergles, Heat
Transfer and Pressure Drop During Evaporation
and Condensation of R-22 in Horizontal Micro-
Fin Tubes, /nternational Journal of Refrigeration,
Paris France, volume 12, number 1, pages 6-14,
January 1989 (9 pages, RDB2244)
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L. M. Schiager, M. B. Pate, and A. E. Bergles, Heat
Transfer and Pressure Drop Performance of
Smooth and internally Finned Tubes with Oil
and Refrigerant 22 [R-22] Mixtures, Transactions,
American Society of Heating, Refrigerating, and Alr-

Conditioning Engineers (ASHRAE), Atlanta, GA,

volume 95, part 2, 1983 (RDB2245)

L. M. Schiager, M. B. Pate, and A. E. Bergles,
Evaporation and Condensation of Refrigerant-
Oil Mixtures in a Low-Fin Tube, Transactions,
American Soclety of Heating, Refrigerating, and Alir-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volun)'le 94, part 2, pages 1176-1194, 1989 (RDB-
2343

B. K. Sthapak, H. K. Varma, and C. P. Gupta, Heat
Transfer Coefficients in the Dry-Out Region of a
Horizontal-Tube, Water-Heated, R-12 Evapora-
tor, Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 82, part 2, 1976
(RDB3320)

M. W. Spatz and J. Zheng (AlliedSignal Incorpo-
rated), An Experimental Evaluation of the Heat
Transfer Coefficients of R-134a Relative to R-12,
Proceedings of the 1990 USNC /IIR-Purdue Refrig-
eration Conference and ASHRAE-Purdus CFC
Conference, edited by D. R. Tree, Purdue Univer-
sity, West Lafayette, IN, pages 225-233, July 1990
(9 pages with 8 figures, RDB0501)

K. E. Starner, Summary of Pool Boiling Test Re-
sults for R-134a, R-22, and R-12 with Oils, York
International Corporation, York, PA, 22 July 1992 (1
page, available from JMC as RDB2808)

This document summarizes tests to compare
heat transfer characteristics of R-12, R-22, and
R-134a, with and without lubricants, for Wolver-
ine Turbo-B(R) enhanced-surface tubes. Turbo-
B(R) tube Is enhanced on both the inside and
outside surfaces to increase the overall heat
transfer coefficient; its primary use is as a boil-
ing tube for evaporators in chillers. Quantitative
resuits are presented for a heat flux of 17.3
kW/m2 (5500 Btu/hft?) for nominal 19 mm
(3/4") outside-diameter tubes in a 60 cm (2'), 8-
tube bundle at 4.4 °C (40 °F). Differences are
presented between the wall temperature and the
refrigerant saturation temperature at the mea-
sured pressure. Results are compared between
refrigerant-lubricant mixtures, with 1.5% mineral
oll by volume, and those for pure refrigerants.
Additional data are provided for R-134a with
miscible lubricants, Including an unidentified
polyalkylene glycol (PAG) :nd ester. For pure
refrigerants, the measured temperature differ-
ence s 0.14 °C (0.25 °F) lower for R-22 and 0.06
°C (0.1 °F) higher for R-12 compared to that for
R-134a. The document reports penalties, com-
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pared to pure refrigerants, of 0.53, 0.31, 2.78,
0.19, and 0.33 °C (0.95, 0.55, 5.00, 0.35, and
0.60 °F) for mixtures with 1.5% lubricant for R-12
with mineral oil, R-22 with mineral oil, R-134a
with mineral oil (nonmiscible), R-134a with PAG,
and R-134a with ester, respectively. Additional
penaities of 0.17.and 0.39 °C (0.30 and 0.70 °F)
are reported for mixtures of 0.08 and 0.15%
mineral oil with 1.5% ester-based lubricant
a'bove that for the refrigerant-ester mixture
alone.

K. Stephan and M. Kdmer (Technical Untversity of
Berlin, Germany), Calculation of Heat Transfer for
Vaporizing Binary Mixtures, summary translation
by AlliedSignal Incorporated from German text
published in Chem. Ing. Tech., volume 41, number
7, pages 409-417, 1968; includes notes on the
document prepared by R. R. Singh, AlliedSignal
Incorporated, 22 October 1990 (8 pages with 5 fig-
ures, available from JMC as RDB0905

K. Stephan (Technical University of Berlin, Ger-
many), influence of Oil on Heat Transfer of Boil-
ing Refrigerant 12 and Refrigerant 22, Proceed-
ings of the Xith International Congress of Refriger-
ation, International Instituie of Refrigeration IIR),
Paris, France, 1963 (RDB3420)

H. Takamatsu, S. Momoki, and T. Fujil, A Com-
parison of Evaporation Heat Transfer Coeffi-
cients and Pressure Drop in a Smooth tube for
HFC-134a and CFC-12, Proceedings of the XVillth
International Congress of Refrigeration (Montreal,
Québec, Canada, August 1991), International In-
stitute of Refrigeration, Paris, France, volume i,
pages 444-448, August 1991 (5 pages, RDB3419)

K. Torikoshi, K. Kawabata, and T. Ebisu (Daikin In-
dustries, Limited, Japan), Heat Transfer and Pres-
sure Drop Characteristics of HFC-134a in a
Horizontal Heat Transfer Tube, Proceedings of
the 1992 International Refrigeration Conference —
Energy Efficiency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 1, pages 167-176, July 1992
(10 pages with 15 figures and 1 table, RDB2718)

R. L. Webb and W. F. McQuade (Pennsyivania
State University), Pool Boliling of R-11 and R-123
Oil-Refrigerant Mixtures on Plain and Enhanced
Tube Geometries, paper CH-93-14-3 (Winter Meet-
ing, Chicago, IL, January 1993), Transactions,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 99, part 1, 1993 in publication (12 pages
with 18 figures and 4 tables, RDB3111)

R. L. Webb and C. Pais (Pennsyivania State Univer-
sity), Nucleate Pool Boiling Data for Five Refrig-
erants on Three Tube Geometries, technical pa-
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per 3443, Transactions, American Soclety of Heat-
ing, Refrigerating, and Alr-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 97, part 1, 1991
(RDB2404)

J. G. Withers and E. P. Habdas (UOP Wolverine
Tube Division), Heat Transfer Characteristics of
Helical-Corrugated Tubes for intube Boiling of
Refrigerant R-12, AIChE Symposium Series 138,
American Institute of Chemical Engineers (AIChE),
New York, NY, volume 70, pages 98-106, 1974 (9
pages with 13 figures and 1 table, RDB2904)

This paper reviews experimental measurements
of heat transfer in copper, helical-corrugated
tubes for full vaporization of cil-free R-12. The
experimental apparatus and procedure as well
as the data reduction methods are described. A
series of runs to determine the optimum tube
configuration, leading to a geometrical charac-
terizing parameter referred to as the severity, is
outlined. The boiling capacity of the tube, log-
mean temperature difference (LMTD), pressure
drop, and average inside heat transfer coeffi-
cient (HTC) are plotted as functions of the
severity. Heat transfer and pressure-drop data
are presented for selected corrugated tubes for
convective boiling at -1 to 10 °C (30 to 50 °F).
The study found that integral, internal helical
ridging enabled doubling or tripling of the In-
tube heat transfer compared to that for plain
tubes. The internal configuration enabled an in-
crease of up to 200% over the peak (burn-out)
heat flux. The external configuration of the cor-
rugated tubes also doubled the water-side HTC,
with concentric tube arrangements, by increas-
ing the turbulence of the water in the annulus.

A. Yabe, T. Taketani (Mechanical Engineering Lab-
oratory, Japan), H. Makl, K. Takahashi, and Y.
Nakadal (University of Tokyo, Japan), Experimen-
tal Study of Electrohydrodynamically (EHD) En-
hanced Evaporator for Nonazeotropic Mixtures,
paper BA-92-5-4 (Annual Meeting, Baltimore, MD,
June 1992), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 98, part 2,
page)s. 455-461, 1992 (6 pages with 10 figures, RDB-
2610

S. Yoshida, T. Matsunaga, H-P. Hong, and M. Miya-
zaki (Kyushu University, Japan), An Experimental
investigation of Oil Influence on Heat Transfer to
a Refrigerant inside Horizontal Evaporator
Tubes, Transactions of the Japanese Soclety of
Mechanical Engineers (JSME), series B, volume §5,
number 513, pages 1410-1416, 1989 (in Japanese);
republished in Heat Transfer — Japanese Research,
Scripta Technica, Incorporated (Wiley Company),
volume 20, number 2, pages 113-129, May 1991 (in
English, 17 pages with 14 figures, RDB2905)
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Condensing Refrigerants in Horizontal and In-
clined Tubes, research project 1-RP, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, April
1966 (ASH0001)

This research developed correlations for heat
transfer in smooth tubes, both horizontal and
inclined, for condensing of R-12. Annular, dis-
persed and annular-dispersed, and wave and
wave-annular flow regimes were identified. The
heat transfer equations developed are applica-
ble to condensation within the annular-flow
regime. The contractor for the project was
Kansas State University, led by R. G. Nevins; it
was sponsored by ASHRAE Technical Com-
mittee 1.3, Heat Transfer and Fluid Flow.

Experimental Determination of Heat Transfer in
Water-Cooled Condensers and Direct Expansion
Water Coolers Using Brazed Plate Heat Ex-
changers, proposed research project 752-TRP,
American Soclety of Heating, Refrigerating, and Air-
Condltloning Engineers (ASHRAE), Atlanta, GA, In
planning (ASHO0752)

This project will determine average heat transfer
coefficients for R-22 and R-134a for counterflow
plate heat exchangers. Two or more commer-
clally-available, brazed-plate heat exchangers
will be tested. Heat transfer coefficients will be
measured for the refrigerants for condensing at
41 °C (105 °F) and evaporating at 2 °C (35 °F).
Water-side coefficients also will be determined.
The coefficients and associated pressure drops
will be presented as functions of the mass flow
rates, which will be varied over the full range of
commercial applications. Superheating and
subcooling effects also will be investigated. The
overall goal is to provide basic information to
permit potential users to evaluate counterflow,
brazed-plate heat exchangers as refrigerant
evaporators and condensers. This project is
sponsored by ASHRAE Technical Committee
8.5, Liquid to Refrigerant Heat Exchangers.
Proposals were due at ASHRAE Headquarters
on 1 June 1992 and are being evaluated; further
information is available from the ASHRAE Man-
ager of Research (+1-404/636-8500).

Experimental Determination of the Effect of Oil
on Heat Transfer in Flooded Evaporators with
Refrigerants HCFC-123, HFC-134a, and HCFC-
22, research project 751-RP, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, 1993 - ongoing
(ASHO0751)

This project will determine average shell-side
boiling coefficients for R-22, R-123, and R-134a
with compatible lubricants for finned and en-
hanced tube surfaces, as used in flooded evap-
orators. The work will expand on that ad-
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dressed In ASHRAE 392-RP, by covering the in-
fluences of the lubricants. Heat flux, mass flux,
and vapor quality will cover typical conditions
for air conditioning and refrigeration for lubri-
cant concentrations of 0-10% at evaporator
temperatures of approximately 4 °C (40 °F). The
contractor Is the Northem lllinois University; it is
sponsored by ASHRAE Technical Committee
8.5, Liquid to Refrigerant Heat Exchangers.

Experimental Determination of Sheli-Side Con-
denser Bundle Heat Transfer Design Factors for
Refrigerants R-123 and R-134a, research project
676-RP, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atianta,
GA, June 1991 - December 1993 (ASH0676)

This research will determine the heat transfer
coefficients (HTC) for R-123 and R-134a in con-
densers for the refrigerant-side (outside) of
tubes. Limited measurements also will be made
for R-11 and R-12 for comparison. Four or more
different geometries for tube bundles, with at
least two finned and two enhanced tubes types,
will be examined Correlations or charts will be
developed for use in heat exchanger design.
The contractor for the project is lowa State Uni-
versity of Science and Technolo%y led by M. B.
Pate; It is sponsored by ASHRAE Technical
Committee 8.5, Liquid-to-Refrigerant Heat Ex-
changers.

Heat Transfer and Fluid Flow in Spray Evapors-
tors with Application to Reducing Refrigerant in-
ventory, research project 668-RP, American Soci-
ety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, June 1591 - De-
cember 1993 (ASH0668)

This research addresses the heat transfer and
fluid flow for R-22, R-123, and R-134a In falling-
film (spray) evaporators with horizontal tubes.
The work includes performance of a literature
search, experimental measurement of heat
transfer on both single tubes and tube bundles.
Both plain and enhanced tube surfaces will ad-
dressed under varied temperature and flow to
determine the optimum conditions. Correlations
or charts will be developed for use in heat ex-
changer design. A goal Is to enable design of
equipment for comfort cooling using reduced
inventories of refrigerants. An overall goal is to
provide basic information to permit potential
users to evaluate counterflow, brazed-piate heat
exchangers as refrigerant evaporators and con-
densers. The contractor for the project is lowa
State University of Science and Technology led
by M. B. Pate; it is sponsored by ASHRAE Tech-
nical Committee 1.3, Heat Transfer and Fluid
Flow.
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Heat Transter and Fluid Flow Study of Ammonia
Spray Evaporators, ressarch project 725-RP,
American Society of Heating, Refrigerating, and Alr-
Conditioning Engineers (ASHRAE), Atlanta, GA,
April 1992 - April 1994 (ASH0725)

This research addresses heat transfer and fluid
flow for ammonia in falling-film (spray) evapo-
rators with horizontal tubes. The work includes
performance of a literature search, experimental
measurement of heat transfer on both single
tubes and tube bundies. Both plain and en-
hanced tube surfaces will addressed under var-
ied temperature and flow to determine the opti-
mum conditions. Correlations or charts will be
developed for use in heat exchanger design. A
goal Is to enable design of equipment for com-
fort cooling using reduced inventories of am-
monia. An overall goal is to provide basic in-
formation to permit potential users to evaluate
counterflow, brazed-plate heat exchangers as
refrigerant evaporators and condensers. The
contractor for the project is the Texas Techno-
logical University, led by M-C. Chyu; it Is spon-
sored by ASHRAE Technical Committee 1.3,
Heat Transfer and Fluid Flow.

Heat Transfer and- Pressurs Drop During Con-
densation and Evaporation of R-134a/0il Mix-
tures in Smocth and Micro-Fin Tubes, resgarch
project 630-RP, American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, April 1990 - November 1992
(ASH0630)

This project is investigating heat transfer and
pressure drop for in-tube evaporation and con-
densation for R-134a. The effects of lubricants
also will be examined. Existing correlations will
be evaluated and modified. The contractor for
the project is lowa State University of Science
and Technology led by M. B. Pate; it is spon-
sored by ASHRAE Technical Committee 1.3,
Heat Transfer and Fluid Flow.

Heat Transfer and Pressure Drop in the Dry-Out
Region of In-Tube Evaporation with Refrigerant-
Lubricant Mixtures, proposed research project
800-TRP, American Society of Heating, Refrigerat-
ing, Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, in planning (ASH0800)

This research will focus on heat transfer in the
final stage of in-tube evaporation, where the an-
nular liquid film thins and dries out. The work
will formulate a generalized heat transfer coeffi-
clent in this dry-out region, where significant
area is required to achleve desired levels of su-
perheating. Unusual behavior or refrigerant-lu-
bricant mbdures also may occur in this region.
Heat transfer and pressure drop will be mea-
sured in both smooth and enhanced tubes with
R-22 and R-134a, or an appropriate alternative,
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as a function of lubricant content. Mixtures
containing 0, 1, 2, 3, and 5% lubricant will be
tested, for conditions determined through a lit-
erature search and examination of the energy
transfer process In qualities exceeding 90%.
This project is sponsored by ASHRAE Technical
Committee 1.3, Heat Transfer and Fluid Flow.
Proposals are due at ASHRAE Headquarters on
28 May 1993; further information Is avallable
from the ASHRAE Manager of Research (+1-
404 /636-8500)

Heat Transfer Rates from a Submerged Rotating
Cylindrical Heater to an Evaporating Fluid, re-
search project 14-RP, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASH)RAE), Atlanta, GA, July 1962 - July 1963 (ASH-
0014

The contractor for the project was the University
of Kentucky, led by M. Baker; it was sponsored
by ASHRAE Technical Committee 1.3, Heat
Transfer and Fluid Flow.

Performance of Turbo-B(R) Enhanced Boiling
Tubes in CFC-11 and HCFC-123, E. |. DuPont de
Nemours and Company, Incorporated, Wilmington,
DE, and Wolverine Tube, Incorporated, Decatur,
AL, 17 December 1990 (9 pages with 2 figures and
2 tables, available from JMC as RDB0C02)

This document compares the performance of a
commercially-available, enhanced heat transfer
tube with R-11 and R-123. By varying the tem-
perature of water flowing through a tube posi-
tioned In a refrigerant bath, the overall heat
transfer coefficient and heat flux capability of the
copper tube were determined. Tabular data and
overall heat transfer coefficient and heat flux
plots are presented. The heat transfer coeffi-
cient for R-123 was 3-6% lower than that for R-
11.

- Performance of Turbo-B(R) Enhanced Boiling
Tubes in CFC-12 and HFC-134a, E. |. CuPont de
Nemours and Company, Incorporated, Wilmington,
DE, and Wolverine Tube, Incorporated, Decatur,
AL, 17 December 1990 (6 pages with 2 figures and
2 tables, available from JMC as RDB0C03)

This document compares the performance of a
commercially-available, enhanced heat transfer
tube with R-12 and R-134a. By varying the tem-
perature of water flowing through a tube po-
sitioned in a refrigerant bath, the overall heat
transfer coefficient and heat fiux capability of the
copper tube were determined. Tabular data and
overall heat transfer coefficient and heat fiux
plots are presented. The heat transfer coeffi-
alent for R-134a was 4-30% higher than that for
-12,
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Oll Quantity Measurements in Smooth and Mi-
cro-Fin Tubes During Evaporation and Conden-
sation in Refrigeranmt-Oll Mixtures, research pro-
ject 469-RP, American Society of Heating, Refriger-
ating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA (ASH0469)

The contractor was lowa State University of Sci-
ence and Technology led by M. B. Pate.

Heat Transfer and Fluid Flow in a Finned-Tube
Flooded Evaporator, research project 392-RP,
American Society of Heating, Refrigerating, and Alr-
Conditioning Engineers (ASHRAE), Atlanta, GA,
phas)e IIl: September 1989 - October 1992 (ASH-
0392

The objective of this project is to develop data
to improve designs of flooded evaporators.
Heat transfer coefficients are being measured
for different finned-tube geometries. The first
two phases entailed a literature search and ad-
dressed modelling and simulation, respectively.
Phase lil is collecting and analyzing data on
pool and forced-convection boiling. The con-
tractor is Pennsylvania State University, led by
R. L. Webb and C. Pals; it is sponsored by ASH-
RAE Technical Committee 8.5, Liquid to Refrig-
erant Heat Exchangers. ([see RDB2404 and
RDB2405 for findings]

Pi 12i Fl

T. Atwood (AlliedSignal Incorporated), Pipe Sizing
and Pressure Drop Calculations for HFC-134a,
ASHRAE Journal, American Soclety of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, pages 62-66, April 1990 (5
pages, RDB0513)

N. E. Hopkins, Rating the Restrictor Tube, Refrig-
erating Engineering, American Society of Refriger-
ating Engineers &SRE, now merged into the
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, ASHRAE), Atlanta, GA,
pages 1087 ff, November 1950 (RDB3417)

S. J. Kuehl (Whidpool Corporation) and V. W.
Goldschmidt (Purdue University), Flow of R-22
Through Short-Tube Restrictors, paper 3603,
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 98, part 2, pages 59-64, June
1992 (RDB3215)

S. J. Kuehl and V. W. Goldschmidt (Purdue Univer-
sity), Modeling of Steady Flows of R-22 Through
Capillary Tubes, Transactions, American Society
of Heating, Refrigerating, and Alr-Conditioning En-
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gineers (ASHRAE), Atlanta, GA, volume 97, part 1,
pages 139-148, January 1991 (RDB3414)

H. A. Whitesel, Ca’:ma Two-Phase Flow, Part |,
Refrigerating Engin , American Society of
Refrigerating Engineers (ASRE, now merged into
the American Society of Heating, Refrigerating, and
Air-Conditioning Engineers, ASHRAE), Atlanta, GA,
pages 42 ff, April 1957 (RDB3415)

H. A. Whitesel, Capillary Two-Phase Flow, Part I,
Refrigerating Engineering, American Society of
Refrigerating Engineers (ASRE, now merged into
the American Soclety of Heating, Refrigerating, and
Air-Conditioning Engineers, ASHRAE), Atlanta, GA,
pages 35 ff, September 1957 (RDB3416)

H. Wijaya (AlliedSignal Incorporated), Adiabatic
Caplllary Tube Test Data for HFC-134a, Pro-
ceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 1, pages 63-
71, July 1992 (9 pages with 9 figures and 3 tables,
RDB2714)

Capillary Tube Performance with Alternative
Refrigerants, proposed research project 762-TRP,
American Society of Heating, Refrigerating, and Alr-
Conditloning Engineers (ASHRAE), Atlanta, GA, in
planning (ASH0762)

This project will develop a methodology to allow
users to predict refrigerant mass flow rate
through a straight, adiabatic capillary tube,
based on tube geometry, refrigerant properties,
and operating conditions. The goal is a method
applicable to any refrigerant, single component
or blend, to replace existing charts, developed
primarily for R-12 and R-22. The work will in-
clude both a theoretical analysis and laboratory
effort to validate the rating method developed.
It is sponsored by ASHRAE Technical Commit-
tee 8.8, Refrigerant System Controls and Acces-
sories. Proposals are due at ASHRAE Head-
quarters by 28 May 1993; further information is
available from the ASHRAE Manager of Re-
search (+1-404/636-8500).

Charge Inventory Caiculations for Evaporating
and Condensing Refrigerants Inside Tubes, pro-
posed research project 758-TRP, American Society
of Heating, R ting, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA (ASH0758)

This research project is sponsored by ASHRAE
Technical Committee 8.4, Air-to-Refrigerant
Heat Transfer Equipment.

Fundamentai Study of Refrigerant Line Tran-
sients, research project 736-RP, American Soclety
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of Heating, Refrigerating, and Air-Conditioning En-

| gineers (ASHRAE), Atianta, GA, 1993 - ongoing

(ASHO736)

This research project will identify causes and
consequences of pressure transients, induced
by condensation during hot-gas defrost, in re-
frigerant piping. The underlying goal Is to de-
velop means to prevent their occurrence, either
by appropriate design or operation. The prob-
lem induces hydraulic shock and vapor-pro-
pelled liquid slugging. The work will involve a
literature search, documentation of critical flow
regimes, and analysis of both condensation-in-
duced hydraulic shock and vapor-g;opelled lig-
uid slugs. The contractor is the Unliversity of lili-
nois; it Is sponsored by ASHRAE Technical
Committee 10.3, Refrigerant Piping.

Measurement of Two-Phase Refrigerant Liquid-
Vapor Mass Flow Rate, research project 722-RP,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
April 1992 - April 1994 (ASH0722) :

The contractor for the project Is McMaster
University, led by M. Shoukri; it is sponsored by
Technical Committee 1.2, Instruments and
Measurements. -

Pressure Drop in Refrigerant Suction Lines at
High Refrigerant Flux with Oil in Circulation,
proposed research project 731-TRP, American So-
ciety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA (ASH0731)

This research project is sponsored by ASHRAE
Technical Committee 10.3, Refrigerant Piping.

R lin lamation i

J. P. Doyle (National Refrigerants, Incorporated,
NRI), Refrigerant Management: Conserving a
Veluable Resource, Heating/Piping/Air Condi-
tioning, Penton Publishing, Chicago, IL, volume 65,
number 3, pages 59-62, March 1993 (4 pages with
2 figures and 2 tables, RDB3413)

R. E. Kauifman (University of Dayton Research In-
stitute), Chemical Analysis and Recycling of
Used Refrigerant from Field Systems, paper 3555
(RP-601) (Winter Meeting, Anaheim, CA, January
1992), Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 98, part 1, pages
128-136, 1992 (9 pages with 4 figures and 1 table,
RDB2429)

This paper summarizes research to identify and
quantify the typical contaminant levels in used
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refrigerants. A total of 39 samples were taken
from both normally operating and failed air-con-
ditioning and refrigerating systems. These
samples included R-11 from centrifugal chillers,
R-12 from commercial refrigeration systems, R-
22 from unitary heat pumps and air condition-
ers, and R-502 from low-temperature frozen
food cases. Resuits are summarized for mea-
surement of water content (Karl Fisher tech-
nique), acid content (ASTM 664 tests), ion con-
tent (lon-specific electrode), high-bolling con-
tent (gravimetric technique, gas chromatogra-
phy, and mass spectrography), particulate con-
tent (direct-current plasma emission spec-
trometer and scanning electron microscope),
and volatile impurity content (gas chromatogra-
phy and mass spectrometry). The contaminant
levels found exceeded those of new refrigerants,
but the types and concentrations varied by re-
frigerant, application, and whether a system
burnout had occurred. Laboratory tests evalu-
ated a recycling scheme based on oil separa-
tion followed by water and acid removal, by an
alumina/molecular sleve fiiter/dryer. The pre-
liminary study showed that this recycling proce-
dure is effective in removing acids, but has In-
significant effects on volatile impurities and
high-boiling residue. The effects of noncon-
densable gases were not addressed.

Chemical Analysis and Recycling of Used Re-
frigerant from Fileld Systems, research project
601-RP, American Soclety of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, March 1989 - January 1991 (ASH0601)

This study identified and quantified typical con-
taminant levels in refrigerants from both nor-
mally operating and failed air-conditioning and
refrigerating systems. These samples included
R-11 from centrifugal chillers, R-12 from com-
mercial refrigeration systems, R-22 from unitary
heat pumps and air conditioners, and R-502
from low-tamperature 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-
erating Systems. [see RDB2429 for findings]

Containers for Recovered Fluorocarbon Refrig-
erants, ARI Guidefine K-1990, Air-Conditioning and
Refrigeration Institute (ARI), Arington, VA, 1990 (10
pages, available from ARI for $15.00, RDB3102)

This document provides recommendations for
voluntary use by those who supply, use, store,
or transport containers for recovered fluorocar-
bon refrigerants. It is intended as a guide of
good practice to facilitate recovery, recycling,
and reclamation of refrigerants, to in turn reduce
environmental impacts. The need for containers
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designed and identified specifically for these
uses stems from practical and safety considera-
tions. The guideline identifles mandatory federal
requirements in the United States, but it is nei-
ther an exhaustive listing nor does it address lo-
cal requirements. It covers cylinders and ton
tanks for R-12, R-22, R-114, R-500, and R-502 as
well as drumis for R-11 and R-113.

Performance of Refrigerant Recovery, Recy-
cling, and/or Reclaim Equipment, ARl Standard
740-1991, Air-Conditioning and Refrigeration Insti-
tute (ARI), Ardington, VA, 1991 (12 pages, available
from ARI fqr $10.50, RDB3104) '

This standard establishes uniform methods of
testing for rating and evaluating performance of
equipment for refrigerant recovery, recycling,
and/or reclaim. It addresses contaminant or
purity levels, capacity, speed, and purge loss,
the last to minimize emission into the atmo-
sphere of refrigerants. The standard is intended
for quidance of the industry, including manu-
facturers, refrigerant reclaimers, repackagers,
distributors, Installers, servicemen, contractors,
and consumers. The refrigerants covered in-
clude R-11, R-12, R-13, R-22, R-113, R-114, R-
500, R-502, and R-503. It does not apply to zeo-
tropic mixtures of these or other refrigerants.
The standard covers general equipment re-
quirements, specifies a standard sample for
testing, and outlines test apparatus. It pre-
scribes a performance testing procedure, sam-
pling and chemical analysis methods, perfor-
mance calculations and rating, tolerances, and
product labeling. The rating sample character-
istics include contents of moisture, particulates,
acids, mineral oll, and noncondensable gases.
Conformance with the standard is voluntary, but
conformance may not be claimed unless all re-
quirements of the standard are met.

Sealed-Tube Tests of Refrigerants from Field
Systems Before and After Recycling, research
project 683-RP, American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, April 1991 - ongoing (ASH0683)

This project will quantify typical contaminant
levels in refrigerants after oil separation, filtering,
and drying. It also will determine the effects of
contaminants at the concentrations found. The
focus is on R-11 from centrifugal chillers, R-12
from commercial refrigeration systems, R-22
from unitary heat pumps, and R-502 from low-
temperature commercial refrigeration systems.
The work is an extension of ASHRAE research
project RP-601 and is being performed by the
same contractor, the University of Dayton Re-
search Institute led by R. E. Kaufman. It is
sponsored by ASHRAE Technical Committee
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3.3, Contaminant Control in Refrigerating Sys-
tems.

State of Knowledge Summary of Chiorofluoro-
carbon Handling Technologies: Destruction,
Recycling, and Encapsulation, draft report for
U.S. Department of Energy, E. A. Mueller Consult-
ing Engineers, Baltimore, MD, May 1989 (65 pages,
RDB1107)

Reducing Emission of Fully Halogenated Chio-
rofiluorocarbon (CFC) Refrigerants in Refrigera-
tion and Air-Conditioning Equipment Applica-
tions, ASHRAE Guideline 3-1990 plus addendum
ASHRAE Guideline 3a-1992, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers ?ASHRAE), Atlanta, GA, 1990 and 1992 (30
pages with 5 tables, RDB2911)

This guideline covers all refrigeration and air-
conditioning equipment and systems that use
fully halogenated CFC refrigerants. It recom-
mends practices and procedures to reduce in-
advertent release of CFC refrigerants during
manufacture, installation, testing, operation,
maintenance, and disposal of refrigeration and
air-conditioning equipment and systems. It also
covers refrigerant recovery, recycling, reclaim,
and disposal.

trofit V

Retrofit Guidelines for Suva(R) 134a (Suva(R)
Coild MP, document ART-16 (H-47761), DuPont
Chemicals, Wilmington, DE, January 1993 (8 pages
with 1 table, available from JMC as RDB3447)

Appliances

Chillers

A. M. Bell (SnyderGeneral tion), How to
Convert CFC-12 Chillers to HFC-134a, Heating/
Piping /Air Conditioning, Penton Publishing, Chica-
go, IL, volume 65, number 4, pages 39-42, April
1993 (4 pages with 3 figures, RDB3457)

W. A. Phillips (York International Corporation), Re-
frigerant Retrofits: An Overview, Heating/Piping/
Air Conditioning, Penton Publishing, Chicago, IL,
volume 65, number 4, pages 33-37, April 1993 (5
pages with 7 figures, RDB3456)

B. Seibert (The Trane Company), How to Convert
CFC-11 Chillers to HCFC-123, Heating/ Pip-
ing /Air Conditioning, Penton Publishing, Chicago,
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IL, volume 65, number 4, pages 45-50, April 1993 (6
pages with § figures, RDB3458)

Retrofitting CFC-12 Chillers with Suva(R) Cold
MP, document ARTD-26 (H-31752), DuPont Chemi-
cals, Wilmington, DE, undated circa 1992 (4 pages
with 1 table, available from JMC as RDB3450)

This bulletin briefly reviews considerations for
retrofit decisions for chillers, noting that alterna-
tive refrigerants cannot be simply “dropped into*
a system designed for chlorofluorocarbon
(CFC) refrigerants. It notes that requirements
may range from a minimum effort, such as lu-
bricant replacement, to significant changes,
such as replacing gears. impellers, or materials
of construction. The document introduces a
retrofit program, with four chiller manufacturers,
to convert large chillers from CFCs to alternative
refrigerants. A table compares the boiling point,
flammability, toxicity, ozone depletion potential
(ODP) and global warming potential (GWP) of
R-12 and R-134a. The discussion notes differ-
ences between these fluids including separation
of pressures as temperatures drop, a higher
isentropic head for R-134a, and immiscibility
with conventional mineral oils. The document
then reviews field experience with a 2462 kW
(700 ton) York International TurboPak(®) cen-
trifugal chiller converted to R-134a in 1989 and
an unidentified 300 SUS polyalkyiene glycol
(PAG) lubricant. Subsequent inspections and a
second retrofitting of the drive gear are de-
scribed, indicating satisfactory operation with a
decreass Iin efficiency of up to 7% and an in-
crease in capacity of up to 9%. The document
also discusses a second conversion, of a Sny-
derGeneral McQuay PEH048 centrifugal chiller.
With a change in gear set, the unit showed a
4.1% Improvement In efficiency and a 0.8 % in-
crease in capacity using R-134a and mineral oil.
A test to simulate an o-ring failure in the com-
pressor shaft seal is described, in which oil
placed in the evaporator did not return to the
compressor due to poor miscibility. A second
PEH048 chiller using R-500 and mineral oll was
converted to R-134a with a Mobil ester-based
lubricant. The unit showed a 0.1% decrease in
efficlency and 1.3% decrease in capacity. The
o-ring failure simulation was repeated with nor-
mal lubricant return to the sump. The report
concludes by identifying several general con-
siderations including proper system operation,
component compatibility, and safety and han-
diing procedures.

Suva(R) 134a (Suva Cold MP, HFC-134s) in
Chillers, document ART-3 (H-42444), DuPont
Chemicals, Wilmington, DE, October 1992 (6 pages
with 5 tables, available from JMC as RDB3443)

please see pages 5-8 for ordering information
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Commercial Refrigeration

S. Corr (ICi Chemicals and Polymers, Limited), T.
W. Dekieva, and A. L. Savage (ICl Americas, Incor-
porated), Retrofitting Large Refrigeration Sys-
tems with HFC-134a, ASHRAE Journal, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, pages
29-33, February 1992 (5 pages with 3 figures and 2
tables, RDB3303)

S. Corr, R. D. Gregson, G. Tompsett (ICl Chemicals
and Polymers, Limited), A. L. Savage and J. A
Schukraft (ICl Americas, Incorporated), Retrofit-
ting Large Refrigeration Systems with R-134a,
Proceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 1, pages
221-230, July 1992 (10 pages with 7 figures and 1
tables, reprint available from JMC as RDB2724)

J. P. Davey and C. C. Mulliss (Rhéne-Poulenc
Chemicals Limited, UK), Field Experience in
Retrofitting Isceon 134a and isceons 69-S and
69-L, CFC Alternatives: User Experience and Up-
date, Institution of Mechanical Engineers and In-
stitute of Refrigeration, London, UK, 11 November
1:;932) (123 pages with 1 figure and 7 tables, RDB-
3331

Retrofit Guidelines for Suva(R) HP80, document
ART-9 (H-45947), DuPont Chemicals, Wilmington,
DE, November 1992 (8 pages with 1 table, available
from JMC as RDB3445)

Retrofit Guidelines for Suva(R) HP81, document
ART-15 (H-47763), DuPont Chemicals, Wilmington,
DE, January 1993 (10 pages with 2 tables, available
from JMC as RDB3446)

Retrofit Guidelines for Suva(R) MP39 and
Suva(R) MP68, document ART-5 (H-42446),
DuPont Chemicals, Wilmington, DE, August 1992
{10 pages with 4 tables, available from JMC as
RDB3444)

Heat Pum

T. Widgren with preface by L. Petersson, Conver-
sion to HFC-134a in a 25 MW Heat Pump, Ham-
marby, Sweden, report RT-IST-51/92, ABB STAL
AB, Finspang, Sweden, September 1992 (28 pages
with 13 figures and 2 tables, RDB2B10)

This report summarizes conversion of a large
heat pump, for district heating, from R-500 to
use of R-134a and the first subsequent year of
operating experience. The report reviews both
use of large heat pumps in Sweden and corre-
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sponding use of refrigerants. It then reviews
specific considerations for this conversion, in-
cluding a description of the heat pump and its
two-stage, centrifugal compressor. The ther-
mophysical properties of alternative refrigerants
are outlined, with emphasis on projected per-
formance with R-134a. Equipment modifica-
tions for the conversion are described, including
a summary of compatibility considerations with
the new refrigerant and polyalpha oleofin iubri-
cant. The conversion, start up, and added re-
frigerant leak monitors are reviewed. Opera-
tional experience for 1991/1992 is discussed,
including capacilty, efficiency, availability, refrig-
erant and lubricant sampling, sealants, and
leakage. The report concludes that the conver-
sion was successful. The heat pump ran for
6,641 hours of operation and 148 GWh (0.5 tril-
lion Btu) of production at output temperatures
sometimes exceeding 90 °C (194 °F). There
were no unplanned outages. Peak capacity is
2-4% lower with R-134a than with R-500, leading
to an annual reduction in output of 1.4%. Effi-
ciency is essentlally the same. ([This conversion
is %ellev]ed to be the largest single use of R-134a
to date.] .

Mabile Air i

S. Corr, E. Goodwin, R. D. Gregson, A. Halse, A.
Lindley (ICl Chemicals and Polymers, Limited), S.
H. Colmery, T. W. Dekleva, and R. Yost (ICI Ameri-
cas, Incorporated), Ester Lubricants for Use with
HFC-134a Retrofit Applications, seminar presen-
tation at the Soclety of Automotive Engineers (SAE)
International Congress and Exposition (Detroit, Mi),
ICI Americas Incorporated, New Castle, DE, USA,
25 F?bruary 1992 (22 pages with 23 charts, RDB-
2619

This document provides the presentation charts
and text for an update on retrofit of mobille air
air-conditioning (MAC) systems. The presenta-
tion reviews the basis for selection of R-134a in-
cluding consideration of performance, avoid-
ance of ozone depletion, and safety. The lubri-
cant used is identified as a fundamental issue in
retrofitting MAC systems with R-134a. Proper-
ties of two candidate esters and sealed-tube test
results, inciuding both mineral cil and R-12 as
contaminants, are reviewed. One finding is that
the lubricants Impact the materials examined
more than the refrigerants. Volume change
(swell) Is plotted for R-12 with mineral oil, the
same pair followed by R-134a with a polyol es-
ter, and R-134a with the ester alone for nine
elastomers. They include chlorosulfonated PE,
EPDM, EPDM-O, EPDM-S, fluoropolymer,
HNBR, natural rubber, neoprene, and nitrile.
Compressor tests to examine the suitability of
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the fluids are summarized; the tests included
high contaminant levels to approximate those
expected In retrofits. A rating system to gauge
wear Is outlined. Fleet trials conducted in Aus-
tralla are summarized, noting anecdotal sug-
gestions that R-134a may provide improved
performance. While much more study is need-
ed, the esters tested appaear promising for use
with R-134a in MAC system retrofit.

S. Corr, E. Goodwin, R. D. Gregson, A. Halse, A.
Lindley (IC! Chemicals and Polymers, Limited), S.
H. Colmery, T. W. Dekleva, and R. Yost (ICl Ameri-
cas, Incorporated), Retrofitting Mobile Air-
Conditioning Systems with HFC-134a, seminar
presentation at the Soclety of Automotive Engi-
neers (SAE) Passenger Car Meeting and Exposition
(Nashville, TN), ICI Americas Incorporated, New
Castle, DE, USA, 18 September 1991 (22 pages
with 27 charts, RDB2618)

This document provides the charts and text for
a presentation on retrofit of mobile air air-condi-
tioning (MAC) systems. The need for a service
refrigerant, aftermarket logistics, and require-
ments of the Clean Air Act Amendments of 1990
are introduced. The reasons for selecting R-
134a as a retrofit refrigerant are discussed.
Retrofit solutions may lle between simple re-
placement of the refrigerant and lubricant ang
the need to flush the system and also replace
certain components. The rationale for esters as
the lubricant is presented. Ten ester candidates
are summarized and data are provided on vis-
cosity, miscibility, and wear tests. Compatibility
findings are presented for EPDM, HNBR, neo-
prene, nitrlle, nylon, and fluoroelastomer
(DuPont Viton(R)) with mineral oll, a polyalkylene
glycol (PAG), an end-capped PAG, and an es-
ter. Mutual compatibility and thermal stability
data are discussed for the lubricants. A finding
on chlorinated impurities (e.g., residual R-12 or
flushing solvents) is reviewed, indicating that its
nature is more important than its concentration.
Sealed-tube test results are reviewed for R-12
and R-134a with mineral oil, PAG, and ester lu-
bricants with contaminants. The data include
changes Iin color, viscosity, acid number, and
metal content as well as copper plating and
metal impacts; no detrimental effects from
residual R-12 and mineral oil were observed with
R-134a and the esters. Hydrolytic stability tests
point to greater stability with polyol esters than
PAGs. The stability analyses and a compressor
test program are outlined. [see RDB2913 for
update]

S. Comr, R. D. Gregson, A. Halse, A. Lindley (ICI
Chemicals and Polymers, Limited), and T. W. Deki-
eva (ICl Americas, Incorporated), Retrofitting Mo-
bile Air-Conditioning Systems: The First Alter-
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native, Part |, seminar presentation at the Society
of Automotive Engineers (SAE) International Con-
gress and Exposition (Detroit, Mi), ICl Americas In-
corporated, New Castle, DE, USA, 28 February
1991 (14 pages with 17 charts, RDB2616)

8. Corr, R. D. Gregson, A, Halse, A. Lindley (ICI
Chemicals and Polymers, Limited), and T. W. Dekl-
eva (ICl Americas, Incorporated), Retrofitting Mo-
bile Air-Conditioning Systems: Thae First Aiter-
native, Part 2, seminar presentation at the Society
of Automotive Engineers (SAE) International
Congress and Exposition (Detroit, Mi), ICI Ameri-
cas Incorporated, New Castle, DE, USA, 26 Febru-
ary 1991 (14 pages with 16 charts, RDB2617)

T. W. Dekleva, S. H. Colmery (ICl Americas, Incor-
porated), J. Bresnahan (ICl Australia Operations
Pty Limited), S. Corr, and A. Lindley (IC! Chemicals
and Polymers, Limited), Retrofitting Mobile Air-
Conditioning Systems with HFC-134a — An Up-
date, Proceedings of the International CFC and
Halon Alternatives Conference (Washington, DC),
Alllance for Responsible CFC Policy, Arington, VA,
pages, 697-706, September 1992 (10 pages with 1
table, RDB2914)

This paper focuses on procedures and system
performance for retrofit of mobile air air-condi-
tioning (MAC) systems with R-134a. The paper
outlines the need for retrofit, pointing to the
hundreds of millions of vehicles that use R-12
and anticipated shortfall to meet service needs
after recycling and recovery. The paper briefly
notes activities underway to prepare guidelines
for refrigerants, procedures, and fittings; qualify
suitabis lubricants; and identfy acceptable
practices. ICl is pursuing ester lubricants, but
the paper notes that others are investigating use
of polyalkylene glycols (PAGs). The paper re-
views a number of retrofit procedures and the
labor requirements for them. Two categories
are contrasted, with and without flushing to re-
move mineral oll. The paper reviews the time
and impacts of R-12 recovery, system flushing,
removal and draining of the compressor, addi-
tion of lubricant, system reassembly, evacua-
tion, and recharging with R-134a. Specific
flushing agents including per- and tri-
chioroethylene (PCE and TCE), are discussed.
Fleet trials to gauge the performance and com-
pressor durability consequences of retrofit, with
different procedures and compressor types, are
reviewed; these tests are underway in Australia,
the United States, and elsewhere. R-134a may
require 10-20% extra condenser capacity at idle
conditions or high ambient temperatures. No
performance penaltles have been assoclated
with flushing or not flushing. The paper con-
cludes that R-134a combined with ester lubri-
cants appears to offer acceptable levels of per-

please see pages 5-8 for ordering information
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formance and systems compatibility, but more
work Is required.

Satety

Absorption of Ammonia into Water, research
project 591-RP, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, September 1988 - June
1990 (ASH0591)

The contractor for the project was Kansas State
University at Manhattan, led by D. L. Fenton and
R. L Gorton; it was sponsored by ASHRAE
Technical Committee 10.1, Custom Engineered
Refrigeration Systems.

Number Designation and Safotg Classification of
Refrigerants, ANSI/ASHRAE Standard 34-1992,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
February 1992 (16 pages with 1 figure and 5 tables,
RDB2909) _

This voluntary, consensus standard describes a
shorthand way of naming refrigerants and clas-
sifies them according to potential hazards. It is
intended to establish a simple means of refer-
ring to common refrigerants, instead of using
the chemical name, formula, or trade hame. It
also establishes a uniform system for assigning
unambiguous reference numbers, composition-
designating prefixes for refrigerants, and safety
classifications based on toxicity and flammabil-
ity. This standard is widely cited in construction
codes and provides the classifications used in
ASHRAE Standard 15-1992, Safety Code for
Machanical Refrigeration, to specify safety re-
quirements for refrigerant use. This version su-
persedes ANSI/ASHRAE Standard 34-1989 and
earlier editions.

Safety Code for Mechanical Refrigeration, ASH-
RAE Standard 15-1992, American Soclety of Heat-
ing, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, July 1992 (RDB2910)

This voluntary, consensus standard speciiies
reasonable safeguards of life, limb, health, and
property; defines practices that are inconsistent
with safety, and prescribes safety standards. it
appiies to mechanical refrigerating systems and
heat pumps used in Identified occupancies as
well as to components replaced after adoption.
The purpose is to promote the safe design, con-
struction, and operation of covered systems.
This standard is widely cited and either incorpo-
rated by reference or directly quoted in con-
struction codes. It prescribes the maximum
quantities of individual refrigerants that may be
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used for specific bullding occupancies as well
as component, equipment, and Installation re-
quirements. Minimum safety devices, marking,
and tests also are specified. This version super-
sedes ANSI/ASHRAE Standard 15-1989, in-
cluding its addendum (ANSI/ASHRAE Standard
15-1991) and earlier editions.

Safety of Suva(R) Refrigerants, document AS-1
(H-27350-2), DuPont Chemicals, Wilmington, DE,
unda)ted circa 1992 (6 pages with 1 table, RDB-
3451

Flammability

R. G. Richard and I. R. Shankiand (AllledSignal In-
corporated), Flammability of Aiternative Refrig-
eramts, ASHRAE Journal, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 34, number
4, pages 20 ard 22-24, April 1992 (RDB2525)

This article reports data for refrigerant flamma-
bility measurements using the ASTM E-681 test
procedure. Lower and upper flame limits (LFL
and UFL) are tabulated for R-11, R-22, R-30
(methylene chloride), R-32, R-5C (methane), R-
113, R-123, R-123a, R-124, R-125, R-134, R-
134a, R-140a, R-141b, R-142b, R-143, R-143g,
R-152, R-152a, R-161, R-218, R-290 (propane),
R-C318, R-600 (butane), R-600a (isobutane), R-
611 (methyl formate), R-717 (@ammonia), dimeth-
yl ether, and sulfur hexafluoride. The lammabil-
ity test procedure and apparatus are discussed,
including attention to the ignition source, based
on recommendations of ASHRAE Standard 34-
1992. Flammability limits are compared for R-
32, R-141b, and R-142b, to illustrate the influ-
ence of alternative ignition sources and condi-
tions. Critical lammability ratios are presented
for selected mixtures.

H. Shaogiang, L. Xiaoping, and X. Chunfei (Wan-
bao Refrigerator Industrial Corporation, China), Re-
frigerant HFC-152a Flammability Test Resuits,
publication unknown, undated circa 1991 (4 pages
with 1 table, avallable from JMC as RDB2512)

This paper assesses the flammability risk of R-
152a, which Is reported as flammable in con-
centrations of 4.7-16.8% by volume In air. The
authors hypothesized that the highest probabil-
ity of fires and explosions will occur when
enough refrigerant leaked from the freezer
evaporator into the fresh-food compartment,
with ignition caused by an arc or spark from the
thermostat. Concentrations of 5, 10, 15, and
20% R-152a were tested using an electric pulse
spark. Ignition was found to be unlikely in the
model tested (BCD-158), because of incomplete
mixing and the location of the thermostat. The
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risk would be high in a frost-free refrigerator, re-
quiring an explosion-proof thermostat. The pa-
per concludes that the most likely scenario for a
fire is when the concentration reaches 12% and
is exposed to an open flame. A person standing
near the refrigerator could be injured by a blow
from the door opened by fire or explosion, by
flames, or both. No deformation or damage to
:ihe refrigerator cabinet was observed from test
res.

Combustion of Ammonia With and Without Oil
Vapor, research project 682-RP, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, September 1991 -
September 1993 (ASH0682)

This project will redetermine the flammability
limits of ammonia (R-717) In air as well as the
combustibility of air-ammonia-oil and air-am-
monia-methane mixtures, in concentrations of
100-250,000 ppm. It also will examine the geo-
metric configurations for release that facilitate
combustion, in order to improve discharge de-
signs for flaring. The contractor for this re-
search is Kansas State University, led by D. L.
Fenton and K. S. Chapman; it is sponsored by
ASHRAE Technical Committee 10.1, Custom
Engineered Refrigeration Systems.

Flammability Characteristics of Isotron 141b,
preliminary information bulletin, Elf Atochem North
America, incorporated (provided by the former
Pennwalt Corporation), King of Prussia, PA, May
1989 (1 page, available from JMC as RDB0521)

Lower and upper flammability limits (LFL and
UFL), as a volume percentage of refrigerant In
humid air, are given for R-141b based on ASTM
E681 tests. The limits cited are 7.4-15.5% at 21
°C (70 °F) and 5.8-16.5% at 120 °C (250 °F). The
maximum explosion pressure and maximum
rate of pressure rise are tabulated for the same
temperatures. Flammability characteristics of
ethyl alcohol and R-290 (propane) are pre-
sented for comparison. A higher concentration
of R-141b is required for lammability. Addition-
ally, R-141b exhibits significantly lower rates of
pressure rise and lower heats of combustion.

Results of Testing: Limits of Flammability for
Isotron 141b, preliminary information bulletin, Eif
Atochem North America, Incorporated (provided by
the former Pennwalt Corporation), King of Prussia,
PA, May 1989 (4 pages with 5 figures and 1 table,
available from JMC as RDB0522, picture missing)

Lower and upper flammability limits (LFL and
UFL), as a volume percentage of refrigerant in
humid air, are given for R-141b based on ASTM
E681-85 tests. The limits cited are 7.4-15.5% at
21 °C (70 °F) and 5.8-16.5% at 120 °C (250 °F).
Comparative data are presented for R-600a (iso-
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butane) and ethanol, 1.86-8.5% and 3.46-18.4%
respectively. A modified test procedure and the
method of determining flammability limits are
presented. Additionally, the effects of humidity,
temperature, and ignition source on flammabiiity
testing are discussed.

Results of Testing: Flashpoint of Isotron 141b,
preliminary information bulletin, Elf Atochem North
America, Incorporated (provided by the former
Pennwalt Corporation), King of Prussia, PA, May
1989 (1 page, available from JMC as RDB0523,
picture missing)

The procedure and results of measuring the
flash point of R-141b are summarized based on
ASTM D1310 tests using a Fisher/Tag open cup
apparatus. No flash point was observed for this
flud even though it has lower and upper
flammability limits. The nature of the liquid is
such that it does not produce a vapor layer that
will flash according to the standard test method.
The document notes that similar behavior has
been observed for chlorinated solvents such as
R-30 (methylene chioride) and R-140a (methyi
chloroform).

Results of Testing: Maximum Rate of Pressiire
Rise - Maximum Explosion Pressure of Isotron
141D, preliminary information bulletin, Elf Atochem
North America, Incorporated (provided by the for-
mer Pennwalt Corporation), King of Prussia, PA,
May 1989 (2 pages with 1 table, available from JMC
as RDB0524, picture missing)

The procedure and results of measuring the
maximum rate of pressure rise and maximum
explosion pressure of R-141b are summarized.
The rate of pressure rise is reported as 262 and
220 kPa/s (38 and 32 psi/s) at 21 °C (70 "p and
120 °C (250 °F), respectively, in a 0.37 m9 (13.1
cf) vessel. The maximum pressure is reported
as 78 and 57 psig at corresponding conditions.
A comparison of normalized rates of pressure
rise (the Kg) shows R-141b to be approximately
230 times less severe than R-290 (propane) and
50 times less severe than ethanol.

Flammability Characteristics of Isotron 142b,
preliminary information bulletin, Eif Atochem North
America, Incorporated (provided by the former
Pennwait Corporation), King of Prussia, PA, May
1989 (1 p.ge, available from JMC as RDB0525)

Lower and upper flammability limits (LFL and
UFL), as a volume percentage of refrigerant in
humid air, are given for R-142b based on ASTM
E681 tests. The LFL cited Is 7.8% at 21 °C (70
°F) using a fuse wire as the ignition source. The
cited LFL and UFL, using a match as the ignition
source, are 6.9-17.0% at 21 °C (70 °F) and 6.1-
17.8% at 120 °C (250 °F). The maximum explo-
sion pressure and maximum rate of pressure
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rise are tabulated for the same temperatures.
Flammability characteristics of ethyl aicohol and
R-290 (propane) are presented for comparison.
A higher concentration of R-142b Is required for
flammability. Addttionally, R-142b exhibits sig-
nificantly lower rates of pressure rise and lower
heats of combustion.

Results of Testing: Limits of Flammability for
Isotron 142b, preliminary Information bulletin, Elf
Atochem North America, Incorporated (provided by
the former Pennwalt Corporation), King of Prussia,
PA, May 1989 (4 pages, avallable from JMC as
RDB0526, picture missing)

Lower and upper flammability limits (LFL and
UFL), as a volume percentage of refrigerant in
humid air, are given for R-142b based on ASTM
E681 tests. The LFL cited Is 7.8% at 21 °C (70
°F) using a fuse wire as the ignition source. The
cited LFL and UFL, using a match as the ignition
source, are 6.9-17.0% at 21 °C (70 °F) and 6.1-
17.8% at 120 °C (250 °F). Comparative data are
presented for R-6800a (Isobutane) and ethanol,
1.86-8.5% and 3.46-18.4% respectively. A mod-
ified test procedure and the method of deter-
mining flammability limits are presented. Addi-
tionally, the effects of humidity, temperature,
and Ignition source on flammability testing are
discussed.

Results of Testing: Flashpoint of Isotron 142b,
preliminary Iinformation bulletin, Eif Atochem North
America, Incorporated (provided by the former
Pennwalt Corporation), King of Prussia, PA, May
1989 (1 page with 1 figure, available from JMC as
RDB0527, picture missing)

The procedure and results of measuring the
flash point of R-142b are summarized based on
ASTM D1310 tests using a Fisher/Tag open cup
apparatus. No flash point was observed for this
fluid. An upward extension of a test lame was
observed when passed over a sample of the re-
frigerant. The extension grew with increasing
temperature of the refrigerant, but the vapor
space above the liquid neither flashed nor
burned away from the test flame.

Results of Testing: Maximum Rate of Pressure
Rise — Maximum Explosion Pressure of Isotron
142b, preliminary information bulletin, Elf Atochem
North America, Incorporated (provided by the for-
mer Pennwalt Corporation), King of Prussia, PA,
May 1989 (2 pages with 1 table, available from JMC
as RDB0528, picture missing)

The procedure and results of measuring the
maximum rate of pressure rise and maximum
explosion pressure of R-142b are summarized.
The rate of pressure rise is reported as 606 and
634 kPa/s (88 and 92 psi/s) at 21 °C (70 ’;) and
120 °C (250 °F), respectively, in a 0.37 mY (13.1
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cf) vessel. The maximum pressure is reported
as 88 and 68 psig at corresponding conditions.
A comparison of normalized rates of pressure
rige (Kg) shows R-142b to be approximately 100
times less severe than R-290 (propane) and 23
times less severe than ethanol.

Toxicity

Clement Assoclates, Incorporated Health Effects
Assessment for Ammonia, The ‘ertilizer Institute,
Washington, DC, February 1990 (148 pages2, RDA.
1106)

This document reviews data relevant to assess-
ing the health effects of inhalation exposure to
ammonia. The focus is on chronic exposures;
information on subchronic and acute sxposures
also Is reviewed to acquire a complete picture of
the toxicity of ammonia. Physical and chemical
properties, sources, environmental fate, envi-
ronmental effects, and other related topics are
discussed to provide context and perspective.

D. L. Holness, J. T. Purdham, and J. R. Nethercott,
Acute and Chronic Respiratory Effects of Occu-
pational Exposure to Ammonia, Journal of the
American Industrial Hygiene Association, volume
50, number 12, pages 646-850, December 1989 (4
pages with 7 tables, RDB3238)

Meridian Research, Incorporated, Resuits of Em-
ployee Exposure Monitoring for HCFC-123 at
Centrifugal Chiller Installations, U.S. Environ-
mental Protection Agency (EPA), Washington, DC,
26 November 1991 (82 pages, RDB2529)

J. Parsnow, Monitoring Instruments for HCFC-
123, publication 819-060, Carrier Corporation,
Syracuse, NY, April 1992 (8 pages with 2 figures
and 1 table, RDB2915)

H. W. Sibley, A Study for Determining Refrigerant
Exposure Levels While Servicing an HCFC-123
Centrifugal Chiller, publication 819-061, Carrier
Corporation, Syracuse, NY, April 1992 (8 pages
with 4 figures and 1 table, RDB2916)

1990-1991 Threshold Limit Values for Chemical
Substances in the Work Environment, 71990-1991
Threshold Limit Values for Chemical Substances
and Physical Agents and Biological Exposure In-
dices, The American Conference of Government
Industrial Hyglenists (ACGIH), Cincinnati, OH,
1990, pages 1-49 and notes (55 of 132 pages with 2
tables and 4 appendices, RDB2B05)

This book provides data for use as guidelines or
recommendations in the control of potential
huzards. Threshold limit values (TLVs) are tab-
ulated for airborne concentrations of chemical
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substances to which werkers may be exposed.
These chemicals include common refrigerants
based on both chronic and acute effects. The
TLV data refer to concentratioris under which it
is belleved that nearly all workers may be re-
peatedly exposed without adverse health effects
subject to Identified considerations. The TLVs
are categorized as time-weighted average (TWA
or TLV-TWA), saurt-term exposure limit (STEL or
TLV-STEL), and ceiling (TLV-C). Notes are pro-
vided for interpretation, but the information is
neot intended for use without training in industrial
hygiene. The document also lists intended
changes and provides appendices addressing
carcinogens, substances of variable composi-
tion, mixtures, and sampling criteria for airborne
particulate matter.

Report on Testing and Analysis of the Concen-
tration of HCFC-123 in Field Installations with
Generai Machinery Rooms Containing Hermetic
Centrifugal Chillers, report CFC-1, The Trane
Company, La Crosse, WI, October 1991 (34 pages
with 14 figures and 15 tables, RDB2246)

This report provides measured data on R-123
concentrations in equipment rooms housing
hermetic centrifugal chillers. Twelve sites, rep-
resenting a broad range of applications, were
tested during normal operation. Additional data
were taken at two sites during refrigerant trans-
fers. Measurements were made by gas chro-
matography, both on site and using activated
charcoal tubes (subsequently analyzed in labc
ratories). All of the sites except one were de-
termined to have concentrations substantially
less than 1 ppm, if any. Concentrations above
minimum quantifiable levels, 0.33-0.56 ppm,
were detected in only two cases. Leakage from
empty, but improperly sealed, refrigerant drums
was identifled as the probable cause for one
site. The sources in the other were improperly
sealed drums and a leak from the purge vent
line. The latter was ascribed to improper field
installation and use of incompatible piping ma-
terials. A retest of this site, after corrections,
found concentrations In line with the others.
Reports on the individual sites and summary
discussion describe the tests and safety con-
siderations for refrigerants. The findings em-
phasize the importance of following proper re-
frigerant handling and storage procedures as
well as installation recommendations.

Report of Worker Exposure to HCFC-123 During
Servicing of Hermetic Centrifugal Chillers, report
CFC-2, The Trane Company, La Crosse, Wi, May
1992) (16 pages with 3 figures and 9 tables, RDB-
2908

This report addresses the safety aspects of ex-
posure of service personnel to R-123 during the
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full range of service procedures for centrifugal
chiller applications. Earller toxicity findings and
implications are reviewed as background. The
report then documents the measured concen-
trations during refrigerant transfer, routine
maintenance, and major service from three dif-
ferent installationg. Chronic (long-term}, acute
(short-term intermittent), and emergency acute
exposure considerations are outlined. The
measurement procedures are described; they
used activated charcoal tubes subsequently an-
alyzed by gas chromatography in laboratories,
and on-site infrared vapor analyzers. Time-
weighted average (TWA) exposures are tabu-
lated for the chronic exposures, ranging from
less than the limit of quantification (LOQ) to 1.9
ppm. Peak concentrations and durations are
tabulated for the intermittent, acute exposures.
Test reports are included to describe each site
and provide detailed measured data. The report
concludes that the long-term concentrations
observed were more than five times below the
allowable expcsure level (AEL) of 10 ppm. The
instantaneous concentrations were well within
the 30-50 ppm limits based on guidelines devel-
oped by the American Conference of Govern-
ment Industrial Hygienists (ACGIH). The find-
ings emphasize the importance of following
proper handling and storage procedures for re-
frigerants and.installation recommendations of
ASHRAE Standard 15R [now 15-1992].

Other

G. C. Hourahan (Air-Conditioning and Refrigeration
Institute), Planning for the Use of Alternative Re-
frigerants in Air Conditioning and Refrigeration,
presented at the Seventh Annual Conference
(Washington, DC), Defense Fire Protection Associ-
ation, 29 April 1993 (6 pages with 7 figures and 2
tables, available from JMC as RDB3502)

This paper illustrates options for equipment
planners to alleviate confusion for use of alter-
native refrigerants in air conditioning and refrig-
eration. It briefly outlines the phase out of chio-
rofiinrocarbon (CFC) and hydrochlorofiuoro-
carbon (HCFC) refrigerants as well as the
tradeoffs between ozone depletion and global
warming among alternatives. It summarizes a
study by the Congressional Research: Service,
which predicts a state of chaos and shortages in
late 1995 and subsequent several years. A fig-
ure Indicates the number of CFC chillers that
manufacturers expect to convert or replace be-
fore 1993 and in 1993-1995. It addresses new
alternatives, concluding that there are "no magic
compounds around the cormer” and new candi-
dates will require 8-12 years to enter full-scale
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production. Two figures summarize criteria for
selection of alternative refrigerants and chiller
options by type and refrigerant. Refrigerant
containment, equipment conversion, and
equipment replacement options are outlined.
Recommendations are noted, including desig-
nation of a refrigerant manager and develop-
ment of a management plan. Two tables sum-
marize estimated refrigerant inventories and
servica needs hy equipment category and alter-
native refrigerants by applications.

G. Mozzon and P. Sansalvadore (Aspera-Whirpool
SpA, Italy), Reliability of Hermetic Compressors
for R-134a Appliances, paper 4.4, Proceedings of
the International Seminar on New Technology of
Alternative Refrigerants — Lubricants and Materials
Compeatibility (Tokyo, February 1983), Japanese
Association of Refrigeration (JAR), Tokyo, Japan,
pages 77-82, February 1993 (6 pages with 2 figures
and 6 tables, RDB3316)

R. C. Niess, CFCs and Electric Chillers — Selec-
tion of Large-Capacity Water Chillers in the
.1990s, report TR-100537, Electric Power Research
Institute (EPRI), Palo Alto, CA, March 1992 (188
pages with 3 figures and 34 tables, RDB2A18)

CFCs and Electric Chillers — Selecting Large
Water Chillers as CFCs are Phased Out,
brochure CU.2039R.7.92, Electric Power Research
Institute (EPRI), Palo Alto, CA, July 1992 (6 pages
with 4 figures, RDB3454)

CFCs and Electric Utilities — Making the Transi-
tion to a Safer World, report CU-7027 (project
RP2792-12), Electric Power Research Institute
(EPRI), Palo Alto, CA, October 1990 (76 pages with
29 figures, RDB3455)

This report provides an illustrated narrative,
based on a series of slide presentations, to re-
view the phase out of chlorofluorocarbon (CFC)
refrigerants, their use In electric-powered
equipment, and estimates of phaseout impacts.
The tie between the chemical composition of
refrigerants and stability, flammability, and toxi-
city is lllustrated. Data on the ozone-depletion
potential (ODP), global warming potential
(GWP) and atmospheric lifetime also are indi-
cated. The report reviews data on use of refrig-
erants by application and resuitant electric utility
loads and revenues. The report notes that utility
income from these sources is more than double
that received by other industry participants.
Likely alternative refrigerants as well as their im-
pacts on equipment cost, efficiency, resultant
energy consumption, and loads are projected.

DuPont HFC-134a: Properties, Uses, Storage,
and Handling, bulletin P134a (H-45945), DuPori
Chemicals, Wiimington, DE, November 1992 (32
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pages with 10 figures and 20 tables, available from
JMC as RDB3439)

This document provides extensive application
information for R-134a. It reviews identifiers and
potential uses, shows an Infrared spectrum for
laboratory analyses, compares theoretical per-
formance to R-12, and: summarizes physical
properties as well as flammability, environmen-
tal, and toxicity indices. Plots of solubility in
water, pressure-temperature relationships, and
vapor thermal conductivity are included. Pres-
sure-enthalpy diagrams, in both inch-pound (IP)
and metric (Sl) units, are provided. The bulletin
reviews chemical and thermal stability data, in-
cluding thermal decomposition, stability with
metals and refrigeration lubricants, stability with
foam chemicals, and concerns if mixed with R-
12. It then addresses compatibility with plastics,
elastomers, desiccants, and refrigeration lubri-
cants. A table summarizes compatibility with
plastics including ABS polymer (Kralastic(R),
acetal (DuPont Delrin(R)), acrylic (Lucite(R)), cell-
ulosic (Ethocel(R), epoxy, polytetrafiuoroethyl-
ene (PTFE, DuPont Teflon(R)), ETFE (Tefzel(R)),
PVDF, ionomer (Surlyn(R)), nylon 6/6 polyamide
(DuPont -Zytel(R)), polyarylate (Arylon(R)), poly-
carbonate (Tuffak(R)), polybutylene terephtha-
late (PBT, GE Valox(R)), polyethylene terephtha-
late (PET, DuPont Rynite(R)), polyetherimide (GE
Ultem(R)), polyethylene-HD (Alathon(R)), poly-
phenylene oxide (PPE, GE Noryl(R), polyphe-
nylene sulfide (Ryton(R)), polypropylene,
polystyrene (Styron(R)), polysulfone (Polysu-
fone(R)), and polyvinyi chloride (PVC and
CPVC). Tabular summaries also are provided
for R-134a compatibility with a urethane rubber
(Uniroyal Adiprene(R) L), Buna N, Buna S, butyl
rubber, synthetic rubber (DuPont Hypalon(R)
48), natural rubber, neoprene W, hydrocarbon
rubber (DuPont Nordel(R)), silicone rubber, poly-
sulfide rubber (Thiokol(R) FA), and fluoroelasto-
mer (DuPont Viton(R) A). These summaries in-
dicate changes in length, weight, Shore A hard-
ness, elasticity, and appearance after exposures
at 25 and 80 °C (77 and 176 °F). A table summa-
rizes permeation through elastomeric hoses
made of nylon, Hypalon 48, and two nitriles with
identified liners, reinforcement, and covers.
Solubility data are provided for R-134a in
unidentified naphthenic minerai oil, dialkylben-
zene, alkylbenzene, polyalkylene giycol (PAG),
and ester lubricants. Safety data are then pre-
sented including a review of inhalation toxicity,
cardiac sensitization, responses to spills or
leaks, and skin and eye contact. Flammability
data and recommended practices for leak test-
ing, bulk delivery, storage, charging, and recov-
ery are reviewed. Monitors and leak detection
are discussed as are storage, handling, and
shipping. The bulletin concludes with discus-
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slon of recovery, reclamation, recycling, and
disposal.

DuPont Suva(R) HP Refrigerant Biends: Proper-
ties, Uses, Storage, and Handling, bulletin P-HP
(H-47122), DuPont Chemicals, Wilmington, DE,
January 1993 (24 pages with 2 figures and 7 tables,
avallable from JMC as RDB3442)

This document provides extensive application
information for R-402, a blend of R-125, R-290,
and R-22 (R-125/290/22), Including R-402
(38/2/60) and R-402 (60/2/38). it also ad-
dresses a blend of R-125, R-143a, and R-134a,
specifically R-125/143a/134a (44/52/4). |t re-
views identifiers, the blend compositions, and
potential uses. The bulletin then summarizes
physical properties as well as flammability, envi-
ronmental, and toxicity indices. The bulletin re-
views chemical and thermal stability data, in-
cluding thermal decomposition. A table pro-
vides representative data on stability with metals
(copper, iron, and aluminum) based on sealed-
tube tests of mixtures of R-402 (38/2/60) with
mineral ol (Witco Suniso(R) 3GS), alkylbenzene
(Shrieve Zerol(R) 150 TD), and a branched acids
polyol ester (Castrol Icematic(R) SW32) lubri-
cants. Results also are provided for R-
125/143a/134a (44/52/4) with the same lubri-
cants and a mixed acids ester (Mobil EAL(R)
Arctic 22). The report reviews compatibility of
the refrigerant blends with R-502, noting chemi-
cal compatibility but separation difficuity leading
to a need for disposal by incineration. It then
addresses compatibllity with elastomers; a tab-
ular summary is provided for five polymers with
combinations of the cited lubricants and R-502,
R-402 (38/2/60), and R-125/143a/134a. The
compounds tested were polytetrafluorcethylene
(PTFE, DuPont Teflon(R) in commercial grade
sheet from Tex-O-Lon Manufacturing), Buna N
nitrile butadiene (NBR, Parker Seal), hydro-
genated NBR (HNBR, Parker Seal N1195),
chioroprene (CR, Precision Rubber neoprene
W), and EPDM (Kirkhill Rubber). Compatibility
data also are discussed fcr polyethyiene
terephthalate (PET, DuPont Mylar(R) fim),
polyesterimide motor wire with amide-imide
overcoating, and Dacron/Mylar/Dacron(R) lead
wire (Belden) as well as for molecular sieve
desiccants (UOP 4A-XH-5 and XH-9). Miscibility
is summarized for R-502 and the three
zeotropes with mineral ofl, alkylbenzene, and
polyol ester lubricants. Safety data are then
presented Including a review of inhalation toxic-
ity, cardlac sensitization, responses to spills or
leaks, skin and eye contact, and flammaubility.
Monitors and leak detection are discussed as
are storage, handling, and shipping. The bul-
letin concludes with discussion of recovery,
reclamation, recycling, and disposal. DuPont’s
product names for R-402 (38/2/60), R-402
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(60/2/38), and R-125/143a/134a (44/52/4) are
Suva(R) HP81, Suva(R HP8O, and Suval® HP62
respectively.

DuPont Suva(R) MP Refrigerant Blends: Proper-
ties, Uses, Storage, and Handling, bulletin P-MP
(H-45944), DuPont -Chemicals, Wimington, DE,
December 1992 (36 pages with 14 figures and 13
tables, available from JMC as RDB3441)

This document provides extensive application
information for R-401 (33/15{52), R-401
(53/13/34), and R-401 (B81/11/28). It reviews
identifiers, the blend compositions, potential
uses, compares theoretical performance to R-
12, and discusses temperature glides. Using R-
401 (53/13/34) as an llustration, it presents
tabular data on the theoretical effect of leakage
on performance. The bulletin then summarizes
physical properties as well as flammability,
environmental, and toxicity indices. Plots of
pressure-temperature relationships and pres-
su:e-enthalpg diagrams, in both inch-pound (IP)
and metric (SI) units, are provided. The bulletin
reviews chemical and thermal stabllity data, in-
cluding thermal decomposition. A table pro-
vides representative data on stability with metals
(copper, iron, and aluminum) and refrigeration
lubricants; comparative information is given for
R-12 with two mineral olls. The lubricants ad-
dressed include alkylbenzenes (Shrieve Zerol(R)
1500L, 300, and 500T), branched acids polyol
esters (Castrol Icematic(R) SW22, SW32, SW68,
and SW100), mixed acids polyol esters (Mobil
EAL(® Arctic 68), Henkel Emery(R) ISO 10 and
100, and Lubrizol 1ISO 150. It then addresses
compatibility with elastomers; a tabular sum-
mary is provided for R-401 (36/24/40), Zerol(R)
500, and a 50/50 mixture with 11 polymers in-
cluding natural rubber (NR), butyl rubber (liR),
EPDM (DuPont Nordel(R), chloroy rene (CR, Du-
Pont Neoprens(R) W), styrene-butadiene copoly-
mer (SBR, Buna-S), Buna N nitrile (NBR, Polysar
Krynac(R)), hydrogenated NBR (HNBR, Polysar
Tornac(R), chlorosulfonated  polyethylene
(CSM, DuPont Hypalon(® 48), fluoroelastomer
(FKM, DuPont Viton(R), sllicone rubber (SI, Dow
Silastic(R), epichiorohydrin homopolymer (CO,
Goodrich Hydrin(R) 100), epichlorohydrin co-
polymer (ECO, Goodrich Hydrin(® 200), ure-
thane (Uniroyal Adiprene(R), and polysulfide
rubber (T, Thiokol(®) FA). A separate table sum-
marizes the compatibility of R-401 (33/15/52), a
mixture of this refrigerant with Zerol(R) 500T and
a mineral ol (BVM 100N), and Zerol(®) 500T
alone with 5 polymers; they include CR (DuPont
Neoprene(R)), NBR nitrile, HNBR, CO, and ECO.
Compatibllity data also are provided for poly-
ester insulation material for motors and for
molecular sieve desiccants (UOP 4A-XH-5 and
XH-9). Miscibility data are provided for 30, 60,

please see pages 5-8 for ordering information




Page 82

and 90% -weight lubricant mixtures with R-401
(61/11/28) and naphthenic mineral oil, paraf-
finic mineral oll, alkylbenzenes, polyol esters,
and the latter two also with mineral oils. Hose
permeation rates are presented for nylon-lined
and nitrile hoses. Safety data are then pre-
sented Including a review of inhalation toxicity,
cardiac sensitization, responses to spills or
leaks, skin and eye contact, and flammability.
Monitors and leak detection are discussed as
are storage, handling, and shipping. The bul-
letin concludes with discussion of recovery,
reclamation, recycling, and disposal. DuPont's
product names for R-401 (33/15/52), R-401
(53/13/34), and R-401 (61/11/28) are Suva(R)
MPS52, Suva(R) MP39, and Suva(R) MP66 re-
spectively.

Freon(R) Fluorocarbons Properties and Applica-
tions, bulletin B-2E, E. |. DuPont de Nemours In-
ternational S.A., Geneva, Switzerand, undated
circa 1984 (12 pages with 1 figure and 10 tables,
RDB2433)

This brochure summarizes physical, thermody-
namic, safety, and application data for R-11, R-
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-
503. Stability and decomposition data are pro-
vided for R-11, R-12, R-13, R-22, R-113, R-114,
R-115, and R-502. Hydrolysis data with water,
alone and in the presence of steel, are pre-
sented for R-11, R-12, R-22, R-30 (methylene
chloride), R-40 (methyl chloride), R-113, R-114,
and R-502. Swell data with elastomers are tab-
ulated for R-11, R-12, R-13, R-13B1, R-22, R-30,
R-40, R-113, R-114, R-115, R-140a (methyi chio-
roform), and R-502 with neoprene GN, buta-
diene acrylonitrile (Buna(T™™) N), butadiene sty-
rene (Buna(™M) §), isoprene isobutylene (Bu-
tyl™)), and polysulfide and natural rubbers.
Compatibility data are discussed with lubricants,
plastics, and metals.

Pilot Survey of Refrigerant Use and Emissions
from Retail Food Stores, research project 691-RP,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
September 1991 - ongoing (ASH0691)

The contractor for the project is the Radian Cor-
poration, led by T. J. Nelson,; it is sponsored by
the ASHRAE Task Group on Halocarbon Emis-
sions

Survey of the Use and Emission of Chlorofiuo-
rocarbons from Large Chillers, research project
603-RP, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, March 1989 - February 1991 (ASH0603)

The contractor for the project is the Radlan Cor-
poration, led by T. J. Nelson; it Is sponsored by
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the ASHRAE Task Group on Halocarbon Emis-
sions

TEST AND ANALYSIS METHODS

G. Angelino and C. Invernizzi, General Method for
the Thermodynamic Evaluation of Heat Pump
Working Fluids, /nternational Journal of Refrigera-
tion, Paris, France, volume 11, pages 16-25, 1988
(RDB3338)

T. D. Armstrong, Chloride Analyses as a Measure
for the Evaluation of Sealed Tube Tests, Trans-
actions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 71, part |, pages 150 ff, 1965
(RDB2325)

J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea-
suring the Concentration of a Flowing Oil-Re-
frigerant Mixture with a Bypass Viscometer,
Transactions, American Soclety of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 94, part 2, 1988 (RDB2406)

J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea-
suring the Concentration of a Flowing Oil-Re-
frigerant Mixture with a Vibrating U-Tube Den-
simeter, Transactions, American Society of Heat-
ing, Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 94, part 2, 1988
(RDB2407)

J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea-
suring the Concentration of a Flowing Oil-Re-
frigerant Mixture with an Acoustic Velocity Sen-
sor, Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 94, part 2, 1988
(RDB2408)

J. J. Baustian, M. B. Pate, and A. E. Bergles, Mea-
suring the Concentration of a Flowing Oil-Re-
frigerant Mixture: Instrumentation Test Facility
and Initial Results, Transactions, American Soci-
ety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, volume 94, part
1, pages 167-177, 1988 (RDB2247)

M. Benedict, G. B. Webb, and L. C. Rubin, An Em-
pirical Equation for Thermodynamic Properties
of Light Hydrocarbons and Their Mixtures, Jour-
nal of Chem. Physics, American Institute of
Physics, volume 8, pages 334 ff, 1940 (RDB2350)
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T. J. Bruno, Chemical Analysis Protocol for Al-
ternative Refrigerants — Part 1: Spectroscopic
Methods, paper 3618 (Annual Meeting, Baltimore,
MD, June 1992), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 98, part 2,
pages 204-209, 1992 (6 pages with 2 figures and 1
table, RDB2603)

T. J. Bruno, Chemical Analysis Protocol for Al-
ternative Refrigerants — Part 2: Separation
Methods, paper 3619 (Annual Meeting, Baltimore,
MD, June 1992), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 98, part 2,
page)s 210-215, 1992 (6 pages with 7 figures, RDB-
2604

T. J. Bruno, Spectroscopic Library for Aiternative
Refrigerant Analysis, report NIST Special Publica-
tion 794, National Institute of Standards and Tech-
nology, Boulder, CO, August 1990 (192 pages,
available from Superintendent of Documents, U.S.
Government Printing Office, Washington, DC
20402 . USA; order by stock number 003-003-
03036-8 for $12.00 prepaid, RDB2250)

This report assembies infrared and mass spec-
tra on a range of ethane and ethylene com-
pounds relevant to research of alternative re-
frigerants. Limited physical property and safety
data also are included. Some compounds ad-
dressed are not suited for refrigerant use, but
could be found as impurities or as reac-
tion/decomposition products in refrigerant
tests. This publication provides an information
source to aid in identification of such com-
pounds. The ethane compounds addressed in-
clude R-112, R-112a, R-113, R-113B2, R-113a,
R-114, R-114a, R-114B2, R-115, R-116, R-121, R-
122, R-123, R-123B1, R-123B2, R-123aB1, R-
124, R-125, R-131, R-131a, R-132b, R-132bB2,
R-133a, R-133aB1, R-134, R-134a, R-141, R-
141b, R-142B1, R-142b, R-143, R-143a, R-
151B1, R-152a, and R-161. Ethylene com-
pounds covered include R-1110, R-1111, R-
1112a, R-1112aB2, R-1113, R-1114, R-1120, R-
1121, R-1122B1, R-1123, R-1130, R-1130, R-
1130a, R-1131a, R-1132a, and R-1141,

H. A. Connon (E. I. DuPont de Nemours and Com-
pany), A Generalized Computer Program for
Analysis of Mixture Refrigeration Cycles, Trans-
actions, American Soclety of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 90, part 2, pages 628-639, 1984
(RDB3214)

G. C. Doderer and H. O. Spauschus (General Elec-
tric Company), A Sealed Tube - Gas Chromato-
graph Method for Measuring Reaction of Refrig-
erant 12 with OIl, Transactions, American Society
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of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 72, part |,
pages IV.4.1-V.4.5, 1966 (RDB2326)

P. A. Domanski and M. O. McLinden (National In-
stitute of Standards and Technology, NIST), A
Simplified Cycle Simulation Mode! for the Per-
formance Rating of Refrigerants and Refrigerant
Mixtures, International Journal of Refrigeration,
Paris, France, volume 15, number 2, pages 81-88,
February 1992 (8 pages with 6 figures and 1 table,
RDB3448)

P. A. Domanski and M. O. McLinden (National In-
stitute of Standards and Technology, NIST), A Sim-
plified Cycle Simulation Model for the Perfor-
mance Rating of Refrigerants and Refrigerant
Mixtures, Proceedings of the 1990 USNC/IIR-Pur-
due Refrigeration Conference and ASHRAE-Purdue
CFC Conference, edited by D. R. Tree, Purdue Uni-
versity, West Lafayette, IN, pages 466-475, July
1990 (10 pages with 6 figures and 1 table, available
from JMC as RDB2C05) '

[?ee] RDB3448 for corrected and updated ver-
sion

S. R. Dunne and T. J. Clancey, Methods of Testing
Desiccants for Refrigerant Drying, Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 90, part 1, 1984 (RDB2431)

H. M. Eisey, Small Sealed Tube Procedure for
Quality Control of Refrigeration Oils, Transac-
tions, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, ;/olume 71, part |, pages 143 ff, 1965 (RDB-
2328

H. M. Eisey, L. C. Flowers, and J. B. Kelley, A
Method of Evaluating Refrigerator Oils, Refriger-
ating Engineering, American Soclety of Refrigerat-
ing Engineers (ASRE, now merged into the Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers, ASHRAE), Atlanta, GA, volume
60, number 7, pages 737 ff, July 1952 (RDB2321)

V. Z. Geller and M. E. Paulaitis (University of
Delaware), The Calculation and Prediction of
Transport Properties for New Refrigerants and
Blends in Refrigeration Application, Proceedings
of the International CFC and Halon Alternatives
Conference (Washington, DC), Alliance for Re-
sponsible CFC Policy, Arlington, VA, pages 115-
124, September 1992 (10 pages with 6 figures and
3 tables, RDB2A07)

D. F. Huttenlocher (General Electric Company),
Bench Scale Test Procedure for Hermetic Com-
pressor Lubricants, ASHRAE Journal, American
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Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, volume
11, number 6, pages 85-89, June 1969 (RDB2421)

R. E. Kauffman (University of Dayton Research In-
stitute), Accelerated Screening Methods for De-
termining Chemical and Thermal Stability of
Refrigerant-Lubricant Mixtures, Part I: Method
Assessment, final report DOE/CE/23810-10, Alir-
Conditioning and Refrigeration Technology Institute
(ARTI), Arington, VA, April 1993 (42 pages with 2
figur?s and 1 table, available from JMC as RDB-
3501

This report presents the results of a literature
search. It addresses analytical techniques suit-
able for development into accelerated screening
tests, to evaluate the chemical and thermal sta-
bilities of refrigerant-lubricant combinations.
The search focused on chemical stability data
for R-12, R-22, R-134a, and other refrigerant
candidates as well as thermal analytical tech-
niques. The computerized search sources and
approaches are summarized. Identified lit-
erature and prepared abstracts are categorized
as analyses of chlorine-free refrigerants, analy-
ses of chlorinated refrigerants, and accelerated
thermal analytical techniques. Other documents
are listed in an appendix. Evaluation criteria for
candidate compatibility tests are indicated.
Identified methods are discussed, and two dif-
ferential thermal analytical (DTA) techniques are
outlined for further development. Initial resuits
are presented for one method for separate
combinations of R-12 and R-22 with mineral oil.
The candidate techniques will be evaluated in a
second phase of the project, for which compie-
tion is projected in February 1994,

D. E. Kvalnes, The Sealed Tube Test for Refriger-
ation Oils, Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 71, part |,
pages 138 ff, 1965 (RDB2324)

B. I. Lee and M. G. Kesler (Mobil Research and De-
velopment Corporation), A Generalized Thermo-
dynamic Correlation Based on Three-Parameter
Corresponding States, A/IChE Journal, American
Institute of Chemical Engineers (AIChE), New York,
NY, volume 21, number 3, pages 510-527, May
1975 (RDB3341)

J. Y. Lin and M. B. Pate (lowa State University of
Science and Technology), A Thermai Conductiv-
ity Prediction Method for Refrigerant Mixtures in
the Liquid Phase, Proceedings of the 1992 Inter-
national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Puidue University, West Lafayette,
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IN, volume 2, pages 365-374, July 1992 (10 pages
with 8 figures and 1 table, RDB2819)

M. O. McLinden (National Institute of Standards
and Technology, NIST), Thermodynamic Evalua-
tion of Refrigerants in the Vapor Compression
Cycle Using Reduced Properties, /nternational
Journal of Refrigeration, Paris, France, volume 11,
pages 134-143, 1988 (RDB3212)

D. A. Nissen and D. C. Macmiilan, Apparatus for
the Measurement of the Physical Properties of
Liquids at Elevated Temperature and Pressure,
Review of Scientific Instrumentation, volume 54,
number 7, pages 861 ff, 1983 (RDB2818)

D. A. Nissen, A Single Apparatus for the Precise
Measurement of the Physical Properties of Lig-
uids at Elevated Temperature and Pressure, re-
port SAN080-8034, Sandia National Laboratory, Al-
buquerque, NM, 1980 (30 pages with 9 figures and
7 tables, available from JMC or NTIS, RDB2248)

This report describes an instrument designed
for measuring the viscosity, surface tension, and
density of liquids at elevated temperature (900
°C, 1650-°F) and pressure (10 atm, 147 psia).
The theoretical principles, details of construc-
tion and operation, and response of the instru-
ment are discussed in detall. The thermody-
namic properties of a-moiten salt mixture was
measured for 250-450 °C (482-842 °F) to test its
accuracy. The results are shown to be in ex-
cellent agreement with published data from
prior studies.

U. Placker, H. Knapp, and J. Prausnitz, Calculation
of High-Pressure Vapor-Liquid Equilibria from a
Corresponding-States Correlation with Empha-
sis on Asymmetric Mixtures, /nd. Eng. Chem.
Process Des. Dev., volume 17, number 3, pages
324-332, 1978 (RDB2337)

U. Plaocker, Berechnung von Hochdruck-Phasen-
gleichgewichten mit einer Korrespondenz-
methode unter besonderer Beriicksichtigung
asymmetrischer Gemische (Calculation of High-
Pressure Phase Equilibria by Means of a Corre-
spondence Method Under Special Consideration of
Asymmetric Mixtures), doctoral dissertation, Tech-
nischen Universitit Berin, Berdin, FRG, 1977 (in
German, 181 pages, RDB3342)

see RDB3343 for translation

U. Pldcker (Technischen Universitat Bedin, Ger-
many), Berechnung von Hochdruck-Phasen-
gleichgewichten mit einer Korrespondenz-
methode unter besonderer Beriicksichtigung
asymmetrischer Gemische (Calculation of High-
Pressure Phase Equilibria by Means of a Corre-
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spondence Method Under Special Consideration of
Asymmetric Mixtures), translation of doctoral clis-
sertation, Oak Ridge National Laboratory, Oak
Ridge, TN, undated circa 1992 (RDB3343)

see RDB3342 for original language version

N. D. T. Rohatgi and H. O. Spauschus (Spauschus
Associates, Incorporated), Method for Determin-
ing Flexural Property Changes of Polymeric
Materials upon Accelerated Aging in Refriger-
ant-Lubricant Mixtures, Proceedings of the 1992
International Refrigeration Conference — Energy
Efficlency and New Refrigerants, edited by D. R.
Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 395-403, July 1992
(9 pages with 6 figures and 6 tables, RDB2822)

This paper describes a test method to deter-
mine changes in flexural properties of small
samples of polymeric materials after aging in
refrigerants and/or lubricants. The method
uses linear stress versus strain curves and cal-
culated flexural modulus of materials. Changes
after thermal aging are used to indicate whether
a material becomes more flexible (due to ab-
sorption of liquid lubricant or refrigerant-iubri-
cant mixture) or less flexible (due to possible
extraction of material from the polymeric matrix
by the liquid phase). The effects of aging time
and ternperature also are addressed. The pro-
cedure provides quantitative measurements
which, along with visual observations, linear
swelling and changes in hardness, are neces-
sary to interpret compatibility results from
sealed-tube tests. Results are reported for
glass-reinforced nylon 6/6, flexible nylon alloy,
plasticized nylon coploymers, and polyamide
1212 in R-12 with mineral oil and in R-134a with
an unidentified polyalkylene glycol (PAG) lubri-
cant. Density, Shore durometer D hardness,
flexural modulus, visual observations, and di-
mensional changes are tabulated. Stress versus
strain curves are plotted both before and after

aging.

S. M. Sami (University of Moncton, Canada) and T.
N. Duong (University of Sherbrooke, Canada), Dy-
namic Performance of Heat Pumps Using Re-
frigerant R-134a, Transactions, American Society
of Heating, Refrigerating, and Alr-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 97, part 2,
1991; republished In Alternative Refrigerants, tech-
nical data bulletin 7(3), ASHRAE, pages 21-27,
October 1991 (7 pages with 15 figures, RDB2614)

K. S. Sanvordenker and W. Gram (Tecumseh Prod-
ucts Company), Laboratory Testing Under Con-
trolled Environment, Using a Falex Machine,
Proceedings of the 1974 Purdue Compressor
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Technology Conference, Purdue University, West
Lafayette, IN, pages 67 ff, July 1974 (RDB2527)

K. S. Sanvordenker and M. W. Larime (Tecumseh
Products Company), Screening Tests for Her-
metic Magnet Wire Insulation, paper 71C38EI-39,
Proceedings of the Tenth Electrical Insulation
Conference, Institute of Electrical and Electronic
Engineers (IEEE), New York, NY, pages 122-126,
September 1971 (5 pages with 3 figures and 5 ta-
bies, RDB2424)

This paper examines both the test methods and
results of testing, for magnet wire insulation for
hermetic compressors using R-22. Abrasion re-
sults (average cycles to failure) are tabulated
and plotted as received and following exposures
for 7-10 days, one month, and three months.
The insulations examined included two batches
of urethane modified polyvinyl formal (FU), two
batches of polyester-imide (PEl), dual coat
amide-imide topcoat on a polyester base
(Al/PE), dual coat polyester (PE/PE), and poly-
imide (P!). The temperature and elapsed time
for burnout are tabulated, for these five types of
insulations, and compared between en-
vironments of R-22 and air. Data on retained di-
electric strength are presented for FU, PEI,
Al/PE, PE/PE, and for Formvar urethane and
polyesteramide imide (PEA!); blister, resistance
is tabulated for all but PE/PE. Because the in-
teractions of enamels and R-22, the paper sug-
gests that the rate of R-22 absorption be de-
termined and exposures adjusted for complete
saturation. Tests after saturation provide a
common basis for comparisons and suitable
screening approach for structurally-different
enamels.

H. O. Spauschus (Spauschus Associates, Incorpo-
rated), G. Freeman, and T. L. Starr (Georgla Tech
Research Institute), Surface Analysis of Glass
from Sealed Tubes After Aging with HFC-134a,
presentation charts (ASHRAE Annual Meeting, Bal-
timore, MD, June 1992), Spauschus Associates, In-
corporated, Atlanta, GA, USA, June 1992 (21 pages
with 7 figures and 2 tables, available from JMC as
RDB2729)

This presentation reported findings of an irves-
tigation of the sealed-tube test procedure. The
study examined whether fluoride decomposition
products, formed in aging hydrofluorocarbons
(HFCs) at high-temperature, react with the glass
surface. The underlying concerns are that such
reactions might destroy evidence of other
chemical reactions and might also weaken the
tubes, posing a safety risk. These concerns
challenge the suitability of the ANSI/ASHRAE
Standard 97-1989 test procedure for HFCs, and
other refrigerants. The charls or:iline prior

please see pages 5-8 for ordering information
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studies for and against fluoride attack of glass
and an experiment to investigate the issue.
Glass shards from sealed tubes, used in thermal
aging tests, were examined by photoelectron
spectrometer. No fluoride was detecied from
any tube except one treated with hydrofluoric
acid (HF). The study concluded that R-134a
undergoes neither thermal decomposition nor
reactions with lubricants, metals, or glass at
temperatures as high as 200 °C (392 °F). No
evidence was found of fluoride formation in the
absence of catalysts, such as molecular sieves.
The study also concluded that borosilicate glass
tubes are suited as reaction vessels for sealed-
tube tests. (See RDB2217, RDB2326, RDB2327,
RDB2329, and RDB2526 for related papers)

H. O. Spauschus and D. R. Henderson (Spauschus
Associates, Incorporated), New Methods of De-
termining Viscosity and Pressure of Refrigerant-
Lubricant Mixtures, Proceedings of the 1990
USNC/IIR-Purdue Refrigeration Conference and
ASHRAE-Purdue CFC Conference, edited by D. R.
Tree, Purdue University, West Lafayette, IN, pages
173-176, July 1990 (4 pages with 7 figures, 6 page
preprint available from JMC as RDB2249)

This paper describes new methods for measur-
ing viscosity and vapor pressure of refrigerant-
lubricant mixtures for compositions of 0-100%
and temperatures from -40 to 150 °C (40 to 300
°F). The equipment and methods also can be
applied to fluids for absorption systems. Auto-
matic data acquisition, data reduction, and
computer generated graphics are utilized. Typi-
cal viscosity-pressure-temperature-composition
data are presented to illustrate engineering ap-
plicability. The method uses a new viscometer,
based on electromagnetic forces and the time
required for a metallic piston to traverse a
known distance through the fluid.

H. O. Spauschus and D. R. Hurst, New Stability
Test Methods for Alternative Refrigerants and
Mixtures, presentation slides and abstract (seminar
on Ozone/CFC — Alternative Studies Update), ASH-
RAE 1989 Annual Meeting (Vancouver, BC,
Canada) Spauschus Associates, Atlanta, GA, June
1989 (15 pages as RDB0544)

H. O. Spauschus and G. C. Doderer (General Elec-
tric Company), Reaction of Refrigerant 12 with
Petroleum Oils, ASHRAE Journal, American Soci-
ety of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, volume 3, num-
ber 2, pages 65-69, February 1961 (RDB2526)

H. Wijaya and H. M. Hughes (AlliedSignal Incorpo-
rated), A Proposed Procedure for Qualifying
Halogen Leak Detectors, Proceedings of the In-
ternational CFC and Halon Alternatives Conference
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(Baltimore, MD), Alllance for Responsible CFC Pol-
icy, Arington, VA, November 1990 (9 pages with 10
figures and 3 tables, RDB2316)

X. Xu and D. Clodic (Ecole des Mines de Paris,
France), Exergy Analysis on a Vapor-Compres-
sion Refrigerating System Using R-12, R-134a,
and R-290 as Refrigerants, Proceedings of the
1992 International Refrigeration Conference — En-
ergy Efficiency and New Refrigerants, edited by D.
R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 1, pages 231-240, July 1992
(10 pages with 3 figures and 8 tables, RDB2725)

Measurement of Two-Phase Refrigerant Liquid-
Vapor Mass Flow Rate, research project 722-RP,
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
April 1992 - October 1993 (ASH0722)

This project Iis developing a meter to measure
instantaneous mass flow of two-phase refriger-
ants for use in laboratories, rating procedures,
and fleld monitoring. The contractor for the
project is McMaster University (Canada) led by
M. Shoukri and J. S. Chang; it is sponsored by
ASHRAE Technical Committee 1.2, Instruments
and Measurements.

Refrigerant Extraction Test, Copeland Corpora-
tion, Sidney, OH, undated clrca 1989 (4 pages with
1 table, available from JMC as RDB000S)

This procedure outlines a test to determine the
amount of extractable residue in materials that
are used in hermetic refrigerant system when
exposed to refrigerant environments. Extracta-
bles are determined as the fraction of weight
loss after exposure to evaporating refrigerant at
elevated temperature and pressure. Charging
data are provided for R-12, R-22, and R-502.

Refrigerant-Lubricant Soak Test, Copeland Cor-
poration, Sidney, OH, undated circa 1989 (3 pages,
available from JMC as RDB0007)

This procedure outiines a test to determine the
effect of materials exposed to a refrigerant-lu-
bricant mixture at operating conditions. The pa-
rameters determined are dimensional, including
swell, and weight change; visual observations of
decomposition also are addressed. The proce-
dure described is based on thermal-aging in a
pressure vessel, preceded and followed by
measurements.

Sealed Glass Tube Method for Determining the
Stability of Materials Used within Refrigeration
Systems, product engineering specification ES23-
138, Copeland Corporation, Sidney, OH, 11 May
1987 (10 pages with 1 figure and 2 tables, available
from JMC as RDB0006)



Refrigerant Database

. This procedure outlines a sealed-tube test to
rate the quality of lubricants with R-12. It is
based on visual inspection of the oil and metal
(steel and copper) test strips and the amount of
reactivity, determined by gas chromatography,
after thermal aging at 175 °C (347 °F) for 3- and
14-day periods.

Sealed Tube Method to Test the Chemical Sta-
bility of Material for Use within Refrigeration
Systems, standard ANSI/ASHRAE 97-1989, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, 1989
(RDB2251)

Test Method for Inorganic Acid Removal Capac-
ity of Desiccants Used in Liquid Line Filter Dri-
ers, proposed research project 793-TRP, American
Society of Heating, Refrigerating, Air-Conditioning
Engineers (ASHRAE), Atlanta, GA, in planning
(ASHO0793)

This research will develop a method of testing
desiccants, at liquid-line conditions, for inor-
ganic acid removal capacity from circulating re-
frigerant. It then will demonstrate the consis-
tency of the method with different desiccants
and refrigerants. UOP molecular sieve 4AX-H6
(8x12), Rhéne-Poulenc activated alumina grade
A (3-5 mm), and Davison Chemical silica gel
grade 407 (8-20 mesh) will be tested. it also will
determine the solubllity of hydrochloric acid
(HCl) in R-12 and R-22 at specified tempera-
tures. The work is needed to assist component
manufacturers in design of fiiter driers with
maximum performance. The need is height-
ened by Increased refrigerant recycling and re-
covery. This proposed project is sponsored by
ASHRAE Technical Committee 3.1, Contaminant
Control in Refrigeration Systems.  Further
information is available from the ASHRAE Man-
ager of Research (+ 1-404/636-8500).

IMPACTS

L J. M. Kuijpers (Phillips Research Laboratories)

and S. M. Miner (Consuitant), The CFC Issue and

the CFC Forum at the 1988 Purdue iR Confer-

ence, International Journal of Refrigeration, Paris,

France, volume 12, number 3, pages 118-124, May

:988) (8 pages with 4 figures and 2 tables, RDB-
1

L J. M. Kuijpers et al, Refrigeration, Air Condi-
tioning, and Heat Pumps (Technical Options
Report), Technical Progress on Protecting the
Ozone Layer, report RWR-570-LK-91423-al, United
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Nations Environment Programme, Paris, France,
December 1991 (RDB2318)

LJM Kui(l::ers et al, Refrigoration, Air Condi-
tioning, and Heat Pumps (Technical Options
Report), Technical Progress on Protecting the
Ozone Layer, United Nations Environment Pro-
gramme, Paris, France, 30 June 1989 (172 pages
with 13 figures and 24 tables, available from JMC
as RDB2317)

This report is one of five prepared to assess the
status of technologies impacted by the Montreal
Protocol and to identify options for achieving
compliance. The report was prepared by an
international panel of 48 individuals, pursuant to
Article 6 of the Protocol. It addresses the Pro-
tocol and reassessment procedure, refrigerants,
domestic refrigeration (including refrigerators
and other appliances), retail refrigeration
(including commercial uses), transport refriger-
ation, cold storage, industrial refrigeration,
comfort air conditioning, mobile air condition-
ing, heat pumps, and refrigerant recycling.

Costs and Performance

J. C. Bare (Environmental Protection Agency, EPA),
Simulation of Performance of Chlorine-Free
Fluorinated Ethers and Fluorinated Hydrocar-
bons to Replace CFC-11 and CFC-114 in Chil-
lers, paper 3661 (Winter Meeting, Chicago, iL, Jan-
uary 1993), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 99, part 1, in
publication (RDB3407)

M. H. Blatt (Electric Power Research Institute,
EPRI), Electric Chillers: Cost-Effective Choice
for the Future, Heating/Piping/Air Conditioning,
Penton Publishing, Chicago, IL, volume 65, number
3, pages 75-82, March 1993 (6 pages with 4 figures
and 2 tables, RDB3412)

S. Corr, P. D. Guy, F. T. Murphy, G. Tompsett (IC
Chemicals and Polymers, Limited), and T. W. Dekl-
eva (ICl Americas, Incorporated), Performance
Characteristics of R-134a and Alternative Lubri-
cants, seminar presentation at the ASHRAE Winter
Meeting, (New York, NY), ICI Americas In-
corporated, New Castle, DE, USA, 22 January 1991
(26 pages with 19 charts, RDB2522)

S. W. Crown, H. N. Shapiro, M. B. Pate (lowa State
University of Sclence and Technology), A Com-
parison Study of the Thermal Performance of R-
12 and R-134a, Proceedings of the 1992 Interna-
tional Refrigeration Conference — Energy Efficiency

please see pages 5-8 for ordering information
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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
11 figures and 2 tables, RDB2720)

This paper compares the performance of a 10
kW (3 ton) refrigeration system with R-134a to
R-12. The equipment tested, instrumentation,
and test conditions are described. Both the ca-
pacity and coefficient of performance (COP) are
plotted as functions of the condenser water
temperature for representative evaporator tem-
peratures. COP and capacity ratios for R-134a
to R-12 are similarly plotted with varying R-134a
charges. System performance was shown to be
less sensitive to the charge for R-12. Experi-
mental results show that R-134a yielded higher
efficiency and cooling capacity for almost all
tests, especially with subcooling of 5.6-7.5 °C
(10-15 °F). COPs are compared to pressure ra-
tios for the two refrigerants, leading to a conclu-
sion that the system can operate at a higher
pressure ratio with R-134a and yet have a higher
COP than with R-12. The effects of operating
conditions are presented in detail.

R. El-Bourini, K. Hayashi, and T. Adachi (Calsonic
Corporation), Automotive Air Conditioning Sys-
tem Performance with HFC-134a Refrigerant,
paper 900214 (SAE International Congress and Ex-
position, Detroit, MI, 26 February - 2 March 1990),
Soclety of Automotive Engineers (SAE), Warren-
dale, PA, February 1990 (12 pages with 14 figures
and 3 tables, RDB2252)

S. K. Fischer and F. A. Creswick, Energy-Use Im-
pact of Chiorofluorocarbon Alternatives, report
ORNL/CON-273, Oak Ridge National Laboratory,
Oak Ridge, TN, February 1989 (138 pages, avail-
able from NTIS, RDB0924)

This study estimates energy-use impacts of
phase out of chlorofluorocarbon (CFC) refriger-
ants under the Montreal Protocol. Major en-
ergy-related applications of the fully halo-
genated CFCs (R-11, R-12, R-113, R-114, and R-
115) were identified. Four groups of alternative
refrigerants then were considered: 1) chemicals
with very similar properties (near drop-in sub-
stitutes); 2) a fallback scenario relying on avail-
able compounds with more product develop-
ment; 3) a worst case In which no new chemi-
cals become available, chlorine-containing
compounds (e.g., R-22) cannot be used, and
fiberglass insulation is used in place of CFC-
blown foams; and 4) an advanced technology
using highly efficient insulation and refrigeration
systems. Energy use will not increase signifi-
cantly if near drop-in compounds (principally R-
134a, R-123, and R-141b) are used. If they do
not become available, national energy use will
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increase by 1-2 quad (1018 Btu) per year. De-
velopment of advanced technologies could re-
duce annual energy use by about 0.83 quad.
The major impacts are in applications using
foam insulations blown with CFCs (e.g., refrig-
erators, freezers, water heaters, roofs of com-
mercial buildings, and insulated building foun-
dations). The penalty assoclated with re-
frigeration equipment Is smaller, but is contin-
gent upon attaining the high compressor effi-
ciencies for alternative refrigerants that are
available for CFCs.

H. B. Ginder, R-123 versus R-11 Perfornfance
Test, York International Corporation, York, PA, 19
July 1989 (2 pages with 1 table, available from JMC
as RDB0008)

The performance of a 200-ton chiller, designed
for R-11 operation, is compared at nominal rat-
ing conditions for R-123 and R-11 with a naph-
thenic oll. The chiller employs a single-stage
centrifugal compressor with an open drive and
air-cooled motor. The results at full load indi-
cate a 16.3% reduction in capacity and an in-
crease of 9.2% in kW/ton (8% lower efficiency.
Although testing at loads of 20-100% capacity
and varied evaporator and condenser condi-
tions are indicated, part-ioad performance is not
reported.

P. E. Hansen (Danfoss-Flensburg GmbH, Ger-
many) and L. Finsen (Danfoss A/S, Denmark),
Lifetime and Reliability of Small Hermetic Com-
pressors Using & Ternary Blend HCFC-22/HFC-
152a/HCFC-124, Proceedings of the 1992 Inter-
national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 641-649 July 1992 (9 pages
with 6 figures and 2 tables, RDB2839)

E. Heinzelmann and M. S. Ussyk (Empresa Brasil-
eira de Compressores S/A, Embraco), Hermetic
Refrigerating Compressors and CFC Substitu-
tion, International Journal of Refrigeration, Paris,
France, volume 14, number 1, pages 10-15, Janu-
ary 1991 (6 pages with 11 figures, RDB1201)

This paper presents a basic methodology for
screening substitutes for R-12 In refrigerating
compressors. Simple analysis of refrigerant
thermodynamic properties are presented within
the ranges of evaporating and condensing tem-
peratures in which small refrigerating systems
operate. Comparisons of vapor pressure, coef-
ficients of performance (COPs), compression
ratio, final isentropic compression temperature,
and volumetric refrigerant effect are presented
for R-12, R-22, R-134a, and R-152a. Addition-
ally, a procedure for developing compressors
for use with alternative refrigerants Is presented.
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Material compatibilty, performance, reliability,
and means of production are considered. The
differences between developed and developing
countries are noted, using Brazil as an example.

E. D. Lawler, HFC-134a vs R-12 Centrifugal
Chilier Performance Comparison, SnyderGeneral
Corporation, Staunton, VA, 22 August 1990 (1 page
with 1 table, available from JMC as RDB0801)

The performance of a 100-ton, single-stage,
hermetic centrifugal water chiller is comparad
for R-12 and R-134a. Both tests were run at
standard rating conditions (ARl Standard 550-
88) with the chiller operating at its maximum
capacity. The compressor gears were changed
to increase the impeller speed to accommodate
the greater isentropic head rise required with R-
134a. The low-pressure cut-out switch and ther-
mostatic expansion valve were adjusted after
changing refrigerants, but other hardware and
control settings were the same for both tests.
The capacity and efficiency increased with R-
134a, by 0.8 and 4%, respectively.

E. D. Lawler, HFC-134a vs R-500 Centrifugal
Chiller Performance Comparison, SnyderGeneral
Corporation, Staunton, VA, 29 August 1990 (1 page
with 1 table, available from JMC as RDB0802)

The performance of a 112-ton, single-stage,
hermetic centrifugal water chiller is compared
for R-500 and R-134a. Both tests were run at
standard rating conditions (ARI Standard 550-
88) with the chiller operating at its maximum
capacity. The chiller initially was tested with R-
500 as a baseline and then recharged with R-
134a. The lubricant was changed from a naph-
thenic mineral oit (Witco Suniso(® 4GS) to an
ester (MobH XRL 1681-1). The low-pressure cut-
out switch and thermostatic expansion valve
were adjusted after changing refrigerants, but
other hardware and control settings were the
same for both tests. A third test was run with
the Impeller replaced to provide higher flow.
The compressor gears were changed for a
fourth test to increase the impeller speed. The
capacity with R-134a decreased by 9.9, 1.3, and
4.1% for the three tests and the efficlency de-
creased by 2.8 and 0.5% for the second and
fourth tests, but increased by 0.1% for the third.

X-Z. Leng (Beljing Research Institute of Household
Electric Appllances, China), Testing Study About
HFC-152a and the Mixture of HFC-152a with
HCFC-22, publication unknown, circa 1991 (8
pages with 8 figures and 1 table, avallable from
JMC as RDB2513)

This paper analyzes use of R-152a and blends
of R-152a with R-22, as substitutes for R-12 for
domestic refrigerator/freezers. The freezer and
focd-section temperatures, suction and dis-
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charge pressures, run time, power, and energy
use are compared for R-12, R-152a and three
composltions of R-22/152a, namely 14, 22, and
33% by mass. These data were measured using
an Instrumented refrigerator/freezer (Hang-Tian
model BCD-177A), reported as having the high-
est efficiency in the Chinese market. A biend
containing approximately 14% R-22 by mass
offered the lowest energy use, 8.2% less than
with R-12; R-152a alone resuited in a savings of
1.0%. The study found that the freezer evapo-
rator needs to be eniarged to use R-152a. Ad-
ditional tests were performed changing the lu-
bricant from mineral ol to an alkylbenzene, re-
sulting in slightly higher energy use; compati-
bility was not addressed. The impacts of leak-
age were assessed based on compllance with
the Chinese requirement (standard GB 8059.1-
3.86) that refrigerant losses not exceed 0.5 g/yr
(0.02 0z/yr). Assuming that all refrigerant lost Is
R-22, an R-22/152a (30/70 by mass) biend
would fractionate to 25.3% R-22, improving
performance slightly. The paper concludes that
R-22/152a resuits in lower energy use than for
R-12 without change in construction or perfor-
mance. ~

E. E. A. Lund, R. G. Richard, and |. R. Shanidland
(AlliedSignal Incorporated), A Performance Eval-
uation of Environmentally Acceptable Foam
Blowing Agents, Polyurethanes 88 (proceedings
of the 31st SPI Annual Technical and Marketing
C:gf;arence), pages 290-296, 1988 (7 pages, RDB-
0502

M. O. McLinden (National Institute of Standards
and Technology, NIST) and R. Radermacher
(University of Maryland), Methods for Comparing
the Performance of Pure and Mixed Reirigerants
in the Vapor Compression Cycle, /nternational
Journal of Refrigeration, Paris, France, volume 10,
number 6, pages 318-325, November 1987 (8
pages with 8 figures and 2 tables, RDB2508)

M. O. Mclinden (National Institute of Standards
and Technology, NIST), Optimum Refrigerants for
Nonideal Cycles - An Analysis Employing
Corresponding States, Proceedings of the 1990
USNC/ lIR-Purdue Refrigeration Conference and
ASHRAE-Purdue CFC Conference, edited by D. R.
Tree, Purdue University, West Lafayette, IN, pages
69-79, July 1990 (11 pages with 7 figures, RDB-
0920)

The principle of corresponding states is used to
evaluate the effects of the thermodynamic char-
acteristics of working fluid performance in re-
frigeration cycles. Desired characteristics, ex-
pressed in terms of the critical temperature and
ideal gas heat capacity using propane as the
reference fluld, are examined for various de-
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partures from the theoretical (ideal) vapor-com-
pression cycle. The basellne cycle for the com-
parisons include compressor efficlency and
heat transfer limitations in the condenser and
evaporator. The paper addresses the modified
Benedict-Webb-Rubin (MBWR) equation of state
chosen for property calculations, the cycle
analysis simulation model, and the application
of the model to the selection of alternative re-
frigerants. The results indicate that modifica-
tions to the basic vapor-compression cycle
should be considered for refrigerants with two
or more carbon atoms to achieve maximum en-
ergy efficiency.

J. Pannock, D. A. Didion (National Institute of Stan-
dards and Technology, NIST), and R. Radermacher
(University of Maryland), Performance Evaluation
of Chlorine-Free Zeotropic Refrigerant Mixtures
in Heat Pumps — Computer Study and Tests,
Proceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 1, pages 25-
34, July 1992 (10 pages with 8 figures and 2 tables,
RDB2710)

J. Pannock and D. A. Didion (National Institute of
Standards and Technology, NIST), The Perfor-
mance of Chlorine-Free Binary Zeotropic Refrig-
erant Mixtures in a Heat Pump, report NISTIR
4748, National Institute of Standards and Technol-
ogy, Gaithersburg, MD, December 1991 (78 pages
with 50 figures and 2 tables, available from NTIS at
price code A05, RDB2507)

This report examines zeotropic mixtures to re-
place R-22. 15 binary blends of R-23, R-32, R-
125, R-134a, R-143a, and R-152a (all hydrofluo-
rocarbons, HFCs) were evaluated using the
CYCLE11 simulation program. The rationale for
selecting these component fluids is outlined.
Efficiency, volumetric capacity, suction pres-
sures, discharge temperatures, and discharge
pressures are analyzed and compared. The
most promising candidates, R-32/134a and R-
32/152a, were tested In a breadboard heat
pump. A series of tests to evaluate use of a liq-
uid-line heat exchanger also was performed.
The findings indicate that these two zeotropes
may be suitable as repiacements for R-22, but
that muitiple tradeoffs exist in performance for
different compressor speeds and mixture com-
positions. Performance improvements of 2 and
14% were found for R-32/R-152a for the low-
temperature heating and high temperature
cooling modes, respectively. The ozone deple-
tion potential of this mixture is zero and the
global warming potential is approximately one-
fourth that of R-22, but the mixture is flammable
in the entire composition range. R-32/R-134a
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mixtures, containing more than 35% R-32 by
mass, yielded slightly Improved performance for
cooling and slightly lower for heating. Gains of
5% for cooling and 2% for low-temperature
heating were measured and compared to R-22
for the equivalent speed and capacities. These
results were achleved using the same test appa-
ratus, without optimization for each fluid. Com-
parative efficiencies and capacities are plotted
for the full range of mass fractions at selected
operating conditions. An uncertainty analysis is
presented in an appendix, but the test results
cog;lrm the validity of the modelling approach
used. ’

S. M. Sami (University of Moncton, Canada) and T.
N. Duong (University of Sherbrooke, Canada), Dy-
namic Performance of Heat Pumps Using R-
134a, paper 3491, Transactions, American Soclety
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 97, part 2,
gage)s 41-47, 1991 (7 pages with 15 figures, RDB-
346

J. R. Sand, E. A. Vineyard, and R. J. Nowak (Oak
Ridge National Laboratory, ORNL), Comparable
Refrigerant Performance Data, Oak Ridge Na-
tional Laboratory, Oak Ridge, TN, July 1989 (8
pages with 1 figure and 5 tables as RDB0543)

performance comparisons for R-12, R-22, R-32,
R-114, R-124, R-125, R-134, R-134a, R-142b, R-
143, R-143a, R-152a, R-218, and R-C318 at four
standard heat pump rating conditions

M. W. Spatz (AllledSignal Incorporated), Perfor-
mance of Alternative Refrigerants from a Sys-
tem’s Perspective, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Baltimore, MD), Alliance for Responsible CFC Pol-
icy, Arington, VA, pages 352-361, December 1991
(10 pages with 5 figures and 3 tables, RDB2253)

The modeled coefficients of performance
(COPs), capacities, and discharge temperatures
for a representative 11 kW (3 ton) air-to-air heat
pump are presented for R-22, R-32/R-125
(60/40), R-134a, and R-152a — all HFCs. The
analyses were made with a modified version of
the Oak Ridge Natlonal Laboratory (ORNL)
Mark lll Heat Pump System Design Model. Cal-
culated COPs are tabulated both with simple
replacement of R-22 and with reoptimization of
the expansion device, heat exchangers, and
tubing sizes. Calculations based on a simple
(saturated) thermodynamic cycle indicate 8%
lower, 1% lower, and 4% higher efficiency for R-
32/R-125, R-134a, and R-152a, respectively,
compared to R-22. The magnitude of these dif-
ferences shrink when subcooling and super-
heating are introduced. With reoptimization, the
.differences range from -0.3 to +3.2% for a sys-
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tem optimized for both the heating and cooling
modes and 0.9 to +0.6% for cooling only, de-
pending on the refrigerant. The paper, there-
fore, concludes that while these three alternative
refrigerants could be used without significant
energy penalty, other factors need to be ad-
dressed. The approximately 50% higher con-
densing pressure of R-32/R-125 could Increase
costs. Changes In compressor displacement,
increased for R-134a and decreased for R-32/R-
125, also effect system costs. The flammability
of R-152a would either eliminate it from consid-
eration or impact costs by requiring additional
safety controls.

T. G. Statt (U.S. Department of Energy, DOE), En-
ergy Implications of Global Climate Change,
presentation charts, 1989 ASHRAE Annual Meeting
(Vancouver, BC, June 1989), U.S. Department of
Energy, Washington, DC, June 1989 (16 pages,
RDB1109)

E. A. Vineyard (Oak Ridge National Laboratory,
ORNL), Laboratory Testing of a Heat Pump Sys-
tem Using an R-13B1/R-152a Refrigerant Mix-
ture, paper 3130, Transactions, American Society
of Heating, Refrigerating, a:d Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, volume 94, part 1,
1988)(11 pages with 8 figures and 4 tables, RDB-
2329

J. Zheng and J. W. Pelava (AllledSignal Incorpo-
rated), Performance Test of R-12 Alternates in a
Hermetic Compressor, paper 149, proceedings of
the XVilith International Congress of Refrigeration
(Montreal, Québec, Canada, August 1991), interna-
tional Institute of Refrigeration, Paris, France, Au-
gust 1991 (11 pages with 3 figures and 4 tables,
RDB2254)

This paper presents measured results of calo-
rimeter tests of replacements for R-12 at -23 to
+1°C (-10 to +30 °F) evaporating and 38 and
49 °C (100 and 120 °F) condensing. The fluids
tested included R-134a with a polyalkylene gly-
col lubricant and four zeotropes with alkyiben-
zene lubricants. The blends Included R-22/R-
124 (55/45 and 43/57 % by weight) and R-22/
R-152a/R-124 (50/20/30 and 36/24/40). The
compressor discharge temperature, compres-
sion ratio, cooling capacity, and efficiency are
compared to those of R-12.

L. Zhigang, L. Xianding, Y. Jilanmin, T. Zhoufang, J.
Pingkun (Xi'an Jiao Tong University, China), C.
Zhehua, L. Dairu, R. Mingzhi, Z. Fan, and W. Hong
(Sha'an XI Refrigerator Factory, China), Applica-
tion of HFC-152a/HCFC-22 Blends in Domestic
Refrigerators, publication unknown, circa 1992 (7
pages with 3 tables, partially illegible and incom-
plete copy available from JMC as RDB2514)
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This paper documents a study of substitutes for
R-12 In refrigerators. Analytical data are tabu-
lated for ozone depletion potential, global
warming potential, condensing pressure, evapo-
rating pressure, pressure ratio, compressor dis-
charge temperature, capacity, and coefficlent of
performance (COP; for nine pure refrigerants.
They include R-12, R-22, R-123, R-124, R-125, R-
134a, R-142b, R-143a, and R-152a. Based on
both capacity and COP, only R-134a and R-
152a were found sultable, and R-134a was re-
jected on the basis of lower efficiency. The pa-
per concludes that the blend of R-22/152a is
more promising than pure R-152a. This finding
is based on tests that show that addition of
small amounts of R-22 to R-152a can reduce its
flammability, but still result in a vapor pressure
curve (vapor pressure and temperature relation)
similar to that of R-12. Tests of a selected re-
frigerator using three different compressors are
summarized to compare the performance of R-
12 with two compositions of R-22/152a. The
blend requires a change in magnet wire for the
motors in hermetic compressors, but suitable
enamels have been identified.

impact of a CFC Ban on the Cost and Perfor-
mance of Househokd Refrigerators, Centrifugal
Chillers, and Commercial/industrial Systems,
technical memorandum to U.S. Department of En-
ergy, Arthur D. Little, Incorporated, Cambridge, MA,
August 1989 (82 pages, RDB1110)

This report assesses the potential response of
and impacts on the refrigeration industry to a
regulatory ban on the production of CFC work-
ing fluids by the year 2000. The primary focus is
on the most likely alternatives, in each applica-
tion category, and their impact on the design
and performance of new equipment.

Potential Costs of Restricting Chlorofluorocar-
bon Use, report SR/ESD/89-01, Energy Informa-
tion Administration, U.S. Department of Energy,
Washington, DC, August 1989 (88 pages with 33
figures, 10 tables, and 2 appendices, RDB1111)

This report analyzes economic costs for the
United States to phase out production of chloro-
fluorocarbons (CFCs) by the year 2000. CFCs
are divided Into two groups for the study, one
comprising foams, solvents, and fire extinguish-
ants and one for application in refrigeration and
alr conditioning. The latter is addressed by an-
alyzing the phase out costs for new equipment,
Impacts on energy efficiency and the economy,
and premature obsolescence of existing equip-
ment. The report reviews CFC uses, substitutes,
problems assoclated with phase out, the as-
sessment of impacts, and comparison with a
separate but related study. The report con-
cludes that substitutes will increase costs by 2%
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in new equipment, equating to an Increase of
$6.4-12.5 billlon In 1989 dollars. It also found a
1.2% decrease in energy efficiency, leading to
30-90 TWh (0.1-0.3 quadrillion Btu) higher pri-
mary energy use. The largest impact would re-
sult from premature obsolescence costs, as
high as $13-2 billion with 75% attributable to
automobile air conditioners.

Report to the Secretary of Energy on Ozone-De-
pleting Substances, U.S. Department of Energy,
Wasr;Ington. DC, October 1989 (63 pages, RDB-
1112

analysis of the energy and economic effects of
phasing out certain organic chiorine and bro-
mine products

Environmental

J. G. Anderson, D. W. Toohey, and W. H. Brune,
Free Radicals Within the Antarctic Vortex: The
Role of CFCs in Antarctic Ozone Loss, Science,
volume 251, pages 39-46, 4 January 1991 (8 pages
with 6 figures, RDB1202)

This article describes experiments and observa-
tions linking chlorine and bromine concentra-
tions with ozone depletion in the antarctic vor-
tex. It briefly reports the findings of the National
Science Foundation Ozone Experiment (NOZE
1) expedition in the austral spring of 1986. It de-
scribes In greater detail the high-altitude mission
and in situ measurements of the subsequent
Airborne Antarctic Ozone Experiment. Mathe-
matical equations defining the mechanisms of
ozone depletion are presented for chlorine and
bromine. What sets Antarctic ozone depletion
apart in the context of global change is both the
severity of the phenomenon and the unusual
decoupling of physical and chemical time con-
straints that control transformation rates in a
specific region of the atmosphere. The article
concludes that the dramatic reduction in ozone
over the antarctic continent would not have oc-
curred had CFCs not been released to the at-
mosphere.

J. M. Calm (Engineering Consultant), Global
Warming Impacts of Chillers, Heating/Piping /Air
Conditioning, Penton Publishing, Chicago, IL, vol-
ume 65, number 2, pages 28-39, February 1993 (9
pages with 9 figures and 1 table, available from
JMC as RDB3304)

This paper summarizes a study of comparative
impacts of chillers on global warming, including
both direct (chemical) and indirect (energy-re-
lated) effects. It summarizes refrigerant options
for chillers and uses of alternative refrigerants to

Refrigerant Database

replace chlorofiuorocarbons (CFCs). It then re-
views the greenhouse gas impacts of refrigerant
emissions, and compares them to other warm-
ing sources. It discusses both global warming
potential (GWP) values and their variation with
the integration time horizon (ITH) selected for
analysis. GWPs are plotted for CFC and alter-
native refrigerants and as a function of ITH. The
paper then summarizes prior analyses of chiller
warming impacts, and introduces a recent study
performed for EPRI. It summarizes information
used to calculate historical and projected car-
bon dioxide factor (CDF) values, ratios of, car-
bon dioxide amount produced per unit of en-
ergy used. The paper outlines reglonal varia-
tions in fuels used to generate electricity as well
as generation and load profiles. It presents cal-
culated warming findings on both a national and
regional bases, noting that the regional data can
be extrapolated to impacts for other locations or
countries with similar generation mixes. The
paper concludes that once high-GWP CFCs are
eliminated, global warming will be more readily
influenced through efficiency improvement and
emission reduction than by refrigerant substitu-
tions. It reaffirms the findings of prior studies
that indirect effect dominates over direct, includ-
ing the combined impacts leakage, service, and
ultimate disposal losses. It also notes that direct
effect is equivalent to less than a 0.1 to 1.1%
change in efficiency, depending on the refriger-
ant used, once service and disposal losses are
reduced and CFCs eliminated. Three figures
show comparative warming on a national and
regional basis for chillers using R-11, R-12, R-22,
R-123, and R-134a as well as direct-fired, ab-
sorption chillers (double-effect, water/lithium-
bromide). A final plot shows the progressive re-
duction In total equivalent warming impact
(TEWI) for R-11 and R-123 for 1985-1995 based
on emission reductions and efficlency im-
provemants.

G. J. Epstein and S. P. Manwell (Xenergy Incorpo-
rated), Environmental Tradeotfs Between CFCs
and Alternative Refrigerants, ASHRAE Journal,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 35, number 1, pages 38-44, January 1993
(7 pages with 1 figure and 5 tables, RDB3225)

D. A. Fisher, C. H. Hales, W-C. Wang, M. K. W. Ko,
and N. D. Sze, Model Calculations of the Relative
Effects of CFCs and Their Replacements on
Global Warming, Nature, volume 344, pages 513-
516, 5 April 1990 (4 pages, RDB3328)

S. K. Fischer (Oak Ridge National Labcratory,
ORNL) and M. McFarland (DuPont Chemicals),
Alternatives to CFCs and Global Warming: a
Systems Approach to Evaluating Net Contribu-
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tions, MRS Bulletin, Materials Research Society,
volume XVIi, number 3, pages 39-42 (4 pages with
2 figures and 1 table, RDB2413)

S. K. Fischer, P. J. Hughes, P. D. Fairchild (Oak
Ridge National Laboratory, ORNL), C. L. Kusik, J. T.
Dieckmann, E. M. McMahon, and N. Hobday
(Arthur D. Little, Incorporated, ADL), Energy and
Global Warming Impacts of CFC Alternative
Technologies, Alternative Fluorccarbons Environ-
mental Acceptability Study (AFEAS) and U.S. De-
partment of Energy (DOE), Washington, DC, De-
cember 1991 (602 pages with 98 figures and 40 ta-
bles pius supporting figures and tables in appen-
dices, RDB2432)

This report documents detailed analyses of
global warming for options to replace chloro-
fluorocarbons (CFCs) in energy-related applica-
tions. The study addressed both direct and in-
direct effects, namely greenhouse gas impacts
of chemical emissions and carbon dioxide
emissions from associated energy use. The re-
port compares impacts, for alternative tech-
nologies, on the basis of total equivalent warm-
ing impact (TEWI). Domestic refrigerator-freez-
ers, commercial refrigeration, commercial
chillers, residential and commercial unitary
heating and cooling equipment, automobile air
conditioning, building insulation, and solvents
for metal and electronic cleaning were exam-
ined on an international basis. The refrigerants
addressed for household refrigeration included
R-12, R-134a, R-22/152a/124, R-22/142b; ab-
sorption and Stiding cycles also were assessed.
R-12, R-22, R-134a, R-502, and R-717 (ammo-
nia) were examined for commercial refrigera-
tion. R-11, R-12, R-22, R-123, R-134a, and R-
717 were addressed for commercial air condi-
tioning along with water-lithium bromide ab-
sorption cycles. R-22, R-134a, and ammonia-
water absorption were analyzed for unitary air
conditioners. R-12, R-134a, R-152a, R-290 (pro-
pane), and R-22/152a/124 were evaluated for
automotive air conditioning along with Brayton
and Stirling cycles.

K. Hearle, F. Riza, A. Whitfield, J. Hemby, J. S. Hoff-
man, and S. Seidel, Analysis of the Environmen-
tal Implications of the Future Growth in Demand
for Partially-Halogenated Chlorinated Com-
pounds, report EPA 400/1-90-001, U.S. Environ-
mental Protection Agency (EPA), Washington, DC,
January 1990 (304 pages, RDB1113)

M. C. MacCracken et al, (Lawrence Livermore Na-
tional Laboratory), Energy and Climate Change
(Report of the DOE Multi-Laboratory Climate
Change Committee), Lewis Publishers, Chelsea,
MI, USA, February 1990 (182 pages, RDB2313)
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M. J. Moiina and F. S. Rowland (University of Cali-
fornia - Irvine), Stratospheric Sink for Chlorofluo-
romethanes: Chlorine Atom Catalysed Destruc-
tion of Ozone, Nature, volume 249, pages 810-812
(3 pages, RDB0928)

S. L. Roan, Ozone Crisis: The 15-Year Evolution
of a Sudden Globali Emergency, John Wiley and
Sons, incorporated, NY, New York, 1989 (292
pages, RDB1208)

This book reviews the 15-year history of action
and reaction to the ozone-depletion problem.
The text specifically addresses the intervention
of politics, and the control both it and economic
pressures had over the scientific community.

F. S. Rowland (University of California - Irving), The
CFC Controversy: Issues and Answers, ASHRAE
Journal, American Society of Heating, Refrigerat-
ing, and Air-Conditioning Engineers (ASHRAE), At-
lanta, GA, volume 34, number 12, pages 20-27, De-
cember 1992 (6 pages with 4 tables, RDB3223)

F. S. Rowland and M. J. Molina (University of Cali-
fornia - irvine), Chlorofluoromethanes in the Envi-
ronment, Reviews of Geophysics and Space
Physics, American Geophysical Union, Washing-
ton, DC, volume 13, number 12, pages 1191-1192,
1975 (2 pages, RDB0927)

M. R. Schoeber and D. L. Hartmann, The Dynam-
ics of the Stratospheric Polar Vortex and Its Re-
lations to Springtime Ozone Depletions, Sci-
ence, volume 251, pages 46-52, 4 January 1991 (7
pages with 5 figures, RDB1203)

S. Solomon and D. L. Albritton (National Oceanic
and Atmospheric Administration), Time-Depen-
dent Ozone Depletion Potentials for Short- and
Long-Term Forecasts, Nature, volume 357, pages
33-37, 7 May 1992 (5 pages with 3 figures and 2 ta-
bles, RDB2A15)

S. Solomon, M. Mills {National Oceanic and Atmo-
spheric Administration), L. E. Heidt, W. H. Pollock
(National Center for Atmospheric Research), and A.
F. Tuck (Nationai Oceanic and Atmospheric Ad-
ministration), On the Evaluation of Ozone Deple-
tion Potentials, Journal of Geophysical Research,
volume 97, number D1, pages 825-842, 20 January
;292)(18 pages with 12 figures and 5 tables, RDB-
16

Assessment of the Impacts Associated with a
Total CFC Phase Out, final report, Putnam, Hayes
and Bartlett, incorporated, Washington, DC, July
19889 (60 pages, RDB1118)

IEA Heat Pump Center Newsletter, issue on Heat
Pumps and the Environment, International Energy
Agency (IEA) Heat Pump Center (HPC), Sittard,
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The Netherlands, volume 7, number 2, June 1989
(64 pages, RDB0925)

This Issue focuses primarily on refrigerant envi-
ronmental impacts of refrigerants.

Newly Found Viruses Might be the Key to Con-
trolling Seas, R&D Magazine, Des Plaines, IL, vol-
ume 32, number 12, December 1890, page 86 (1
page, RDB1114)

This news brief announces the discovery of a
group of unspecified aquatic viruses that may
aid in reducing global warming. These viruses
encourage reproduction of a class of phyto-
plankton that absorb carbon dioxide. Other
aquatic viruses could control reproduction of
oxygen-absorbing phytoplankton that kill marine
life by robbing water of oxygen. Additional re-
search is required to better understand these
viruses and their affect on marine life.

Possible Environmental Effects of Chiorofiuoro-
carbons, position statement and paper, American
Soclety of Heating, Refrigerating, and Alir-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, 2 Febru-
ary 1989 (12 pages, RDB1115)

Scientific Assessment of Ozone Depletion: 1991,
chaired by D. L. Albritton (National Oceanic and
Atmospheric Administration, NOAA) and R. T. Wat-
son (National Aeronautics and Space Administra-
tion, NASA), report 25, World Meteorological
Organization (WMO), Global Ozone Research and
Monitoring Project, Geneva, Switzerland, 1991,
(340 pages, available from WMO; also available
from JMC as RDB2701)

This definitive work updates the assessment
used in governmental and international deci-
sion-making on protection of the stratospheric
ozone layer and climate change. The volume
addresses source gases including concentra-
tions, emissions, and trends; ozone and tem-
perature trends; heterogeneous processes in-
cluding laboratory, field, and modeling studies;
both stratospheric and tropospheric processes
including observations and Interpretations;
ozone depletion and chlorine loading potentials
(ODP and CLP values); radiative forcing of cli-
mate; future chlorine and bromine loading and
ozone depletion; aircraft, rocket and space
shuttle effects on stratospheric ozone; and ul-
traviolet radlation changes. The study was pre-
pared by eleven International panels and sub-
jected to peer reviews.

Scientific Assessment of Stratospheric Ozone:
1989, report 20, World Meteorological Organiza-
tion, Geneva, Switzerland, 1989, program descrip-
tion, volume | (534 pages, available from GPO as
report 1990-259-707:83731; RDB1116)
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Scientific Assessment of Stratospheric Ozone:
1989 (Appendix: AFEAS Report), report 20, World
Meteorological Organization, Geneva, Switzerand,
1990, program description, volume Il (536 pages,
available from AFEAS; aiso available from JMC as
RDB1117)

The Impact of Heat Pumps on the Greenhouse
Effect, report HPC-ASR1, International Energy
Agency (IEA) Heat Pump Center (HPC), Sittard,
The Netherands (64 pages, RDB2C08)

This report summarizes analyses to determine
how different types of heat pumps can con-
tribute to reduction of giobal warming. It fo-
cuses on heating-only heat pumps for space
and service-water heating. Some discussion is
included of dual-mode (heating and cooling)
and cooling-only devices. The report reviews
the international status of heat pump use, the
environmental concerns with stratospheric
ozone depletion and global warming, and activi-
ties in selected countries to address these Is-
sues. The analyses were based on separate
studies conducted in member countries of the
IEA and by various international organizations.
Of the 41 national studies, 32 examine heat
pump roles in reduclng emissions of green-
house gases. Eight address heat pumps rela-
tive to reductions in electricity or fossil-fuel use.
One examines the effects of alternative tech-
nologies on heat pump energy use and green-
house gas emissions. The report reviews the
efficiency levels of different types of heat
pumps, opportunities to reduce carbon dioxide
emissions, and direct warming effects resulting
from emissions of working fluids or methane
fuel. The report concludes that the greatest re-
duction in warming impact can be achieved by
changing to working fluids with a lower global
warming potential. Additional reductions can be
achieved by reducing losses during equipment
operation, through use of hermetic designs and
recycling of fiuids upon retirement. The report
notes that sealing Is essential for rellability and
because working fluids are frequently flammable
and/or toxic. Addressing the future of heat
pumps, the report notes the need to optimize
the full energy system including improvement of
power plant efficiency and use of cogeneration-
based power production.

The Impact of Ozone-Layer Depletion, document
7, Global Environment Monitoring System (GEMS),
United Nations Environment Programme (UNEP),
Nairobi, Kenya, 1992 (40 pages with 17 figures and
1 table, available from JMC as RDB2704)

This report Is one in a series that summarize
scientific and engineering assessments for
those without technical qualifications. It deals
with the effects of ozone depletion on human
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health and the environment, and outlines ways
of reducing damage to the ozone layer. This
publication reviews the scientific background for
ozone depletion, including observations of the
Antarctic ozone hole, mid-atitude ozone-layer
depletion, and Arctic ozone-layer depletion. It
then addresses the effects of ultraviolet radiation
— specifically the UV-B wavelengths — on im-
mune systems, skin cancer, and increasing eye
damage. It also discusses impacts on the
oceans and aquatic ecosystems, land plants, air
poliution, and damage tc materials. The docu-
ment then discusses ozone-friendly technolo-
gles for refrigeration, air conditioning, and other
uses. It stresses the importance of global co-
operation and the need for recycling and de-
struction of chlorofluorocarbons (CFCs) and
halons. The report discusses future policy op-
tions and lists several information sources.

The Ozone Layer, document 2, Environment Mon-
itoring System (GEMS), United Nations Environ-
ment Programme (UNEP), Nairobi, Kenya, 1987
(RDB2703)

REGULATORY ACTIONS

International

S. C. McDonald, International Aspects of Restric-
tions on Ozone-Depleting Substances, report
PNL-7163, Pacific Northwest Laboratory, Richiand,
WA, October 1989 (72 pages with 7 tables, avail-
able from NTIS, RDB2B06)

This report summarizes international efforts re-
lated to protection of stratospheric ozone as
well as implications for the United States. It in-
cludes a discussion of activities in other coun-
tries to meet restrictions in production and use
of ozone-depleting substances (ODSs). Data
are presented on use of controlled ODSs in
these countries. The document concludes with
presentation of trade and international competi-
tiveness issues relating to transition to alterna-
tives to the regulated chlorofluorocarbons and
halons. Information Is provided on foreign
chemical manufacture and the search for alter-
natives to regulated substances. Appendices
identify participants in the Vienna Convention
and Montreal Protocol, a draft declaration from
the Helsinki meeting in May 1989 of parties to
the Montreal Protocol, and the 1987 text of the
Protocol itself.
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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 (104 pages including 2 page errata, available
from JMC as RDB2702)

This document contains the complete text of the
Montreal Protocol, originally adopted in 1987 as
adjusted and amended in June 1980 and further
amended in June 1991. The decisions of the
Parties to the Montreal Protocol, that relate to its
interpretation, at meetings in Helsinki in (May
1989), London (June 1990), and Nairobi (June
1991) appear as footnotes to the Articles to
which they pertain. The handbook also includes
the following appendices: the Helsinki Declara-
tion on Protection of the Ozone Layer (2 May
1989); declarations by Australia, Austria, Bel-
glum, Canada, Denmark, Finland, Germany,
Liechtenstein, Netherlands, New Zealand, Nor-
way, Sweden, and Switzerland on phase out of
CFCs not later than 1997 (June 1990); resolu-
tion by represented parties on more stringent
measures (June 1990); statements by Austria,
Denmark, Germany, Finland, Norway, Sweden,
and Switzerland. on more stringent measures
(June 1991); status of ratification (September
1991, now superseded); list of relevant publica-
tions; nonconfidential production and con-
sumption data regarding controlled substances;
Criteria for Projects under the Multilateral Fund,
names and address of assessment panel chair-
men; annotated Vienna Convention for the Pro-
tection of the Ozone Layer; status of ratification
of the Vienna Convention (September 1991;
now superseded); and the Rules of Procedure.
The Vienna Convention was adopted in Vienna
on 22 March 1985 and entered into force on 22
September 1988. The Montreal Protocol was
adopted in Montreal on 16 September 1987 and
entered into force on 1 January 1989; the
Amendment was adopted in London on 29 June
1990 and entered into force on 10 August 1992.

Handbook for the Montreal Protocol on Sub-
stances That Deplete the Ozone Layer, docu-
ment UNEP/Ozl.Pro.3/7, United Nations Environ-
ment Programme, Ozone Secretariat, Nairobi, Ken-
ya, May 1991 (130 pages, RDB2349)

This version has been superseded; see RDB-
2702.

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

please see pages 5-8 for ordering information
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National

Code ot Practice for the Reduction of Chloro-
fluorocarbon Emissions from Refrigeration and
Air Conditioning Systems, document EPS-
1/RA/1, Environment Canada, Ottawa, Ontario,
Canada, March 1991 (27 pages, RDB3218)

Measures of Ratlonalization of Use and Control
of Emission for Specified CFCs, interim repon,
Ozone Layer Committee, Chemical Product Coun-
cil, Ministry of International Trade and Industry,
Toky)o. Japan, 26 October 1988 (34 pages, RDB-
1131

Refrigeration EqQuipment and Heat Pumps Using
CFCs/HCFCs: The Refrigerants Order and
Comments, Swedish National Environmental Pro-
tection Agency, Stockholm, Sweden, 1988 (71
pages, RDB1130)

Refrigeration Safety Regulation, translated by the
Japan Refrigeration and Air Conditioning Industry
Association, Tokyo, Japan (36 pages, RDB1132)
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J. L. Adcock, S. B. Mathur, W. A. Van Hook, H. Q.
Huang, M. Narkhede, and B-H. Wang (University of
Tennessee), Fluorinated Ethers — A New Series
of CFC Substitutes, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Baitimore, MD), Alllance for Responsible CFC Pol-
iny, Arington, VA, pages 386-395, December 1991
{10 pages with 6 tables, RDB2255)

“A. Advani (Safeway Incorporated), Alternate Re-
frigerants and Energy Savings in Supermarkets,
ASHRAE Journal, American Soclety of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, volume 34, number 12, pages
40-42, December 1992 (3 pages with 4 figures,
RDB3224)

J. Alicott (McQuay Refrigeration, SnyderGeneral
Corporation, UK), HFC-134a and Centrifugal
Compressors, CFC Alternatives: User Experience
and Update, Institution of Mechanical Engineers
and Institute of Refrigeration, London, UK, 11
November 1992 (9 pages with 4 figures and 5 ta-
bles, RDB3336)

D. Arnaud, S. Macaudiere, J. C. Tanguy, and P. F.
Radice (Elf Atochem S. A., France), Properties of
Blends Which Can Be Used as R-502 Substitutes
in Refrigeration, Proceedings of the International

Refrigerant Database

CFC and Halon Alternatives Conference (Washing-
ton, DC), Alliance for Responsible CFC Palicy, Ar-
lington, VA, pages 105-114, September 1992 (10
pages with 3 figures and 6 tables, RDB2A06)

P. K. Bansal, T. Dutto, and B. Hivet, Performance
Evaluation of Environmentally Benign Refriger-
ants in Heat Pumps: A Simulation Study, /nter-
national Journal of Refrigeration, Paris, France,
volume 15, number 6, June 1992, pages 340-348
(RDB2C03)

K. Beermann and H. Kruse (Universitat Hannover,
Germany), Experiences with the Refrigerant R-
134a as a "Drop-In* Replacement in a Large Wa-
ter-Water Heat Pump, Proceedings of the 1992 In-
ternational Refrigeration Conference — Energy Ef-
ficiency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 1, pages 211-219, July 1992 (9 pages
with 4 figures and 4 tables, RDB2723)

A. L. Beyerlein, D. D. DesMarteau, S. H. Hwang
(Clemson University), N. D. Smith (Environmental
Protection Agency, EPA), and P. Joyner (Electric
Power Research Institute, EPRI), Physical Prop-
erties of Fluorinated Propane and Butane
Derivatives as Alternative Refrigerants, paper
3658 (Winter Meeting, Chicago, IL, January 1993),
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE%.
Atlanta, GA, volume 99, part 1, in publication (12
pages with 10 tables, RDB3408)

A. L. Beyerlein, D. D. DesMarteau, S. H. Hwang
(Clemson University), N. D. Smith (Environmental
Protection Agency, EPA), and P. Joyner (Electric
Power Research Institute, EPRI), Physical Prop-
erty Data on Fluorinated Propanes and Butanes
as CFC and HCFC Alternatives, Proceedings of
the International CFC and Halon Alternatives Con-
ference (Baltimore, MD), Alllance for Responsible
CFC Policy, Arington, VA, pages 396-405, Decem-
ber 1991 (10 pages with 5 tables, RDB2256)

E. C. Berlinck, C. A. T. Uriu, T. B. Herbas, and J. A.
R. Parise (Pontificia Universidade Catélica do Rio
de Janeiro, Brazil), Performance Analysis of Do-
mestic Heat Pump Units Running on CFC Sub-
stitutes, presented at the 1990 USNC/IIR-Purdue
Refrigeration Conference and ASHRAE-Purdue
CFC Conference (Purdue University, West
Lafayette, IN, July 1990); published in the Proceed-
ings of the 1992 International Refrigeration Confer-
ence — Energy Efficiency and New Refrigerants,
edited by D. R. Tree and J. E. Braun, Purdue Uni-
versity, West Lafayetts, IN, volume 2, pages 693-
702, July 1992 (10 pages with 5 figures, RDB2843)
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D. J. G. Butler (Building Research Establishment,
UK), Surnmary of Trials with New Refrigerants in
Air Conditioning, CFC Alternatives: User Experi-
ence and Update, Institution of Mechanical Engi-
neers and Institute of Refrigeration, London, UK, 11
November 1992 (10 pages with 2 figures and 3 ta-
bles, RDB3334)

J. M. Caim (Engineering Consultant), Alternative
Refrigerants: Chailenges and Opportunities,
Heating /Piping/Air Conditioning, Penton Publish-
ing, Chicago, IL, volume 64, number 5, pages 38-
49, May 1992 (8 pages with 5 figures and 1 table,
available from JMC as RDB2621)

This article reviews the status and options avail-
able for refrigerants in chillers, with emphasis on
use of R-22, R-123, R-134a, R-717 (ammonia),
and absorption cycles. The efficiency, global-
warming potential (GWP), ozone-depletion po-
tential (ODP), flammability, toxicity, and cost of
refrigerants are discussed; quantitative data are
tabulated. A figure shows the capacity ranges
and types of equipment available by refrigerant.
Comparative ODP, GWP, efficiency, and capac-
ity are plotted for R-123 and R-11, R-134a and
R-12, and R-134a and R-500. Cost projections
(with excise taxes) are plotted for the refriger-
ants reviewed. Options are discussed for exist-
ing equipment, including continued use, retrofit,
and replacement. Safety and other consid-
erations are reviewed for the alternative refriger-
ants. The paper concludes that good options
are available provided that sound engineering is
used.

R. Camporese, B. Boldrin, M. Scattolini (Consiglio

azionale della Ricerche, Italy), and G. Cordella
(Universita di Udine, ltaly), Improvement of R-
134a Performance by Addition of R-290, Pro-
ceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 1, pages 45-
52, July 1992 (8 pages with 9 figures and 3 tables,
RDB2712)

L. Canren, Y. Zhao, and M. Yitai (Tianjin University,
China), Investigation ot Using the Ternary Mix-
ture as the Alternative for R-12, Proceedings of
the 1992 International Refrigeration Conference —
Energy Efficlency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 661-667, July 1992
(7 pages with 3 figures and 2 tables, RDB2841)

N. E. Carpenter (ICI Chemicals and Polymers, Lim-
ited), An Overview: Options for the Supply of Al-
ternative Refrigerants, CFC Alternatives: User Ex-
perience and Update, Institution of Mechanical En-
gineers and Institute of Refrigeration, London, UK,
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11 November 1992 (12 pages with 9 tables, RDB-
3329)

T. W. Dekleva, R. Yost (ICI Americas, Incor-
porated), S. Corr, R. D. Gregson, G. Tompsett (ICl
Chemicals and Polymers, Limited), T. Nishizawa,
and Y. Obata (ICl Japan), Investigations into the
Potential Effects of Process Chemicals and Ma-
terials on the Long-Term Performance of Home
Appliances, Proceedings of the International CFC
and Halon Alternatives Conference (Washington,
DC), Alliance for Responsible CFC Policy, Aring-
ton, VA, 29 September 1992 (17 pages with 4 fig-
ures and 7 tables, RDB2913) ,
S. Devotta and S. Gopichand (National Chemical
Laboratory, India), Comparative Assessment of
Some Flammable Refrigerants as Alternatives to
CFC-12, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 249-257, July 1992 (9 pages with 4
figures and 1 table, RDB2727)

This paper reviews the need for-assessment of
flammable refrigerants and the implications of
using such fiuids as alternatives to R-12. Be-
cause of the complexities and potential adverse
findings in qualifying alternative refrigerants,
there may not be adequate time for developed
countries to fully evaluate new fluids. Develop-
ing countries such as India and China, which
are seif-reliant in the manufacture of refrigerants
and equipment, are short of funds and cannot
afford to introduce transition fluids, such as
HCFCs and possibly HFCs, and then change
again. Global environmental concern requires
that flammabile fluids also be considered, some
of which were used in the past even in home re-
frigerators. Flammability is considered to pose
a lower risk than toxicity. The paper reviews the
theoretical performance and flammability of R-
142b, R-152a, R-C270 (cyclopropane), R-290
(propane), R-600 (butane), R-600a (isobutane).
The pressure ratios, specific compressor dis-
placements, theoretical efficiency, and specific
shaft power are plottad for these refrigerants as
functions of the evaporating temperature for a
range of -35 to +5 °C (-31 to +41 °F) fora 50 °C
(122 °F) condensing temperature. The perfor-
mance, flammability and environmental data,
and fundamental properties are tabulated and
compared to those of R-12. Means to reduce
leaks and charge quantities are discussed as
ways to reduce the risks. R-C270 would require
smaller compressors and may offer superior
performance. R-152a may be preferred based
on its lower flammability and experience with it.

please see pages 5-8 for ordering information
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D. A. Didion (National Institute of Standards and
Technology, NIST) and D. B. Bivens (DuPont
Chemicals), Role of Refrigerant Mixtures as Al-
ternatives to CFCs, International Journal of Refrig-
eration, Paris, France, volume 13, 1990 (RDB2C04)

D. A. Didion (National Institute of Standards and
Technology, NIST), R. Cohen, and D. R. Tree
(Purdue University), The Role of R-22 in Refriger-
ating and Air-Conditioning Equipment, Interna-
tional Colloquium on Refrigeration and CFCs (Brus-
sels, Belgium, March 1990), international Institute
of Refrigeration, Paris, France, to be published (18
pages with 6 figures and 3 tables, RDB0921)

D. A. Didion, Energy Performance Potential of the
Alaskan Air Conditioning Company's Refriger-
ant Mixture ["R-176"], National institute of Stan-
dards and Technology (then the National Bureau of
Stant;.lards), Gaithersburg, MD, July 1984 (RDB-
2320

P. A. Domanski and D. A. Didlion (National Institute
of Standards and Technology, NIST), Theoretical
Evaluation of R22 and R5(2 Alternatives, report
DOE/CE/23810-7, Air-Conaitloning and Refriger-
ation Technology Institute (ARTi), Adington, VA,
January 1993 (32 pages with 19 figures and 7 ta-
bles, available from JMC as RDB3305)

This report evaluates performance of candidate
refrigerants to replace R-22 and R-502. The al-
ternatives compared to R-22 include R-32/R-125
(60/40), R-32/R-125/R-134a (10/70/20), R-
32/R-125/R-134a (30/10/60), R-32/R-125/R-
290/R-134a  (20/55/5/20),  R-32/R-134a
(25/75), R-32/R-134a (30/70), R-32/R-227ea
(35/65), R-134a, and R-290 (propane). The
analyses are based on a semi-theoretical model,
CYCLE-11, with cross-flow heat transfer in the
evaporator and condenser. Thermodynamic
properties were calculated using the Carnahan-
Starling-DeSantis (CSD) equation of state. The
conditions examined approximate outdoor rat-
ing conditions for residential heat pumps,
namely 27.8 and 35 °C (82 and 95 °F) for cooling
and -8.3 and 8.3 °C (17 and 47 °F). Calculated
volumetric capacities, coefficients of perfor-
mance (COPs), pressure liit, and compressor
discharge temperatures and pressures are
nlotted. The analyses are presented for “drop-
in* conditions (constant heat exchangeis), con-
stant heat exchanger loading, and with addition
of a liquid-suction heat exchanger. The aiterna-
tives compared to R-502 are R-32/125/143a
(10/45/45), R-125/R-143a (45/55), and R-
125/R-143a/R-134a (44/52/4). These fiuids are
examined at typical conditions for commercial
refrigeration, namely -23.3 and 35 °C (-10 and 95
°F) for the fluid entering the evaporator and
condenser, respectively. Simulation cases and
results similar to those for the R-22 alternatives
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are presented. Summary fluid properties and
results for the constant exchanger loading
cases are tabulated. They Indicate efficiency
losses of 1-16% for the R-22 alternatives and 3-
7% for the R-502 alternatives. Corresponding
changes in volumetric capacity range from 31%
lower to 55% higher and from 8% lower to 13%
higher than R-22 and R-502, respectively. The
report notes, however, that these findings would
change with consideration of differences Iin
transport properties. The report abstractly dis-
cusses the influence of critical temperature on
performance and unavoidable trade off between
COP and volumetric capacity. It also reviews
the impacts of heat capacity, liquid thermal
conductivity, and liquid viscosity; neither these
transpont properties nor toxicity and flammabil-
ity were otherwise addressed. Two appendices
summarize the nomenclature used in the report
and describe the CYCLE-11 model. A third tab-
ulates vapor heat capacity, liquid and vapor
thermal conductivity, and liquid and vapor vis-
cosity for the fluids addressed. '

R. E. Ertinger (Carrier Corporation), HCFC-22: Re-
quirements for Unitary Products, Proceedings of
the International CFC and Halon Alternatives Con-
ference (Baltimore, MD), Alliance for Responsible
CFC Policy, Afington, VA, pages 340-347, Decem-
ber 1991 (8 pages with 3 figures, RDB2257)

This paper estimates the annual quantity of R-22
required Internationally for unitary equipment
through the year 2000. Based on its properties,
including efficiency, low cost, and safety, R-22 is
the most widely used refrigerant. The paper es-
timates its 1990 use to be 160 million kg (352
million Ibs), of which 14% was used for equip-
ment other than unitary (e.g., existing and new
chillers). For the unitary portion, 24% was used
in new products and 76% to service existing
equipment. Two parametric scenarios are pre-
sented: (1) 3, 5, and 7% growth in demand for
unitary products with no change in service
practices, and (2) recovery increasing to 40, 60,
or 80 %/yr by 2000. Based on assumptions for
usage in room air-conditioners, duct-free split
systems, ducted systems, and commercial uni-
tary systems, the paper projects a range of 77-
149 million kg (169-327 million |bs), depending
on recovery levels, to be required in 2000 at the
5% annual new-product growth rate.

S. K. Fischer (Oak Ridge National Laboratory,
ORNL), An Analytical Screening of Alternatives
for R-502 in Low-Temperature Refrigerating Ap-
plications, paper 3617 (Annual Meeting, Baltimore,
MD, June 1992), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, volume 98, part 2,
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pages 188-203, 1992 (15 pages with 9 figures and
11 tables, RDB2602)

J. N. Friedman, Experimental Evaluation of
Alaskan Air Conditioning Company’s Mixed Re-
frigerant R-178, Carrier Corporation, Syracuse,
NY, 17 August 1984 (13 pages with 2 figures and 4
tables, available from JMC as RDB1B01)

The measured performance of a zeotropic
ternary blend, R-12/R-22/R-142b (15/25/60) Is
compared to that of R-22 for two residential heat
pumps. The units tested included an air-to-wa-
ter heating-only model and an air-to-air heating-
and-cooling model. The charge and expansion
device orifice (Accurator(R) piston size) were
optimized for capacity and efficiency. The
heating capacity and coefficient of performance
(COP) were approximately 52 and 15% lower,
respectively, with the refrigerant blend than with
R-22 in the air-to-water heat pump. The heating
and cooling capacities were approximately 35
and 46% lower, respectively, in the air-to-air
heat pump, but the efficiency increased by ap-
proximately 10% in the cooling mode and was
nearly the same for heating. The test proce-
dures and conditions are described in the re-
port. The study concluded that the mixture is
not a viable replacement in Carrier heat pump
systems operating in the heating mode. Addi-
tional testing is recommended to determine if
increases In efficiency can be achieved with the
mixture in the cooling mode, based on further
capillary tube and refrigerant charge optimiza-
tion, despite the decreased cooling capacity.

C. L. Gage (U.S. Environmental Protection Agency,
EPA) and G. S. Kazachki (Acurex Environmental
Corporation), Predictions of Azeotropes Formed
from Fluorinated Ether, Ethane, and Propane
Azeotropes, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 2, pages 611-, July 1992 (9 pages with 6 fig-
ures and 3 tables, RDB2836)

K. D. Gerdsmeyer (Danfoss GmbH, Germany), R-
134a in Small Commercial Refrigeration Sys-
tems: Some Practical Aspects, Proceedings of
the 1992 International Refrigeration Conference ~
Energy Efficlency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 1, pages 197-202, July 1992
(10 pages with 4 figures, RDB2721)

This paper present findings with R-134a in
commercial refrigeration equipment for evapo-
rating temperatures of -15 to +15 °C (5-59 °F)
with small hermetic compressors (with dis-
placements volumes up to 20 cm3, 1.2 in3d).
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Emphasis is placed on beverage coolers, cool-
ing units for electronics, commercial refrigera-
tors, and heat pump water heaters (HPWHSs).
Cooling capacities are plotted for R-12 and R-
134a based on calorimetric tests of a compres-
sor, showing that the capacity of R-12 and R-
134a are similar, but slightly greater for R-12 at
low evaporating temperatures and for R-134a at
high temperatures. Coefficients of performance
(COP) are similarty plotted, showing no penality
with R-134a in compressors optimized for R-12.
Tests of a HPWH showed reduced operating
time with R-134a due to its higher capacity.
More favorable resuits with systems optimized
for R-134a are suggested. The relative miscibil-
ity of mineral oll in R-12 and esters in R-134a are
discussed, noting higher concern with design
for oil return for the latter. The paper notes that
new ester lubricants have the advantage of be-
ing biodegradable. Moisture implications and
the need for higher drying with ester lubricants
are discussed. Residual chlorine from retrofits
leads to increased wear with R-134a and esters.
The paper argues against conversion from R-12
to R-134a for small refrigeration systems, but
concludes that R-134a can be successfuily used
in new systems. -

G. H. Goble (Peoples Welding Supply), A Drop-in
CFC-12 Replacement for Automotive Air Condi-
tioning, Proceedings of the 1992 International Re-
frigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume )2, pages 607-609, July 1992 (3 pages, RDB-
2835

This paper presents a ternary zeotropic blend,
proposed as a transition fluid, to replace R-12 in
automotive air conditioners. The blend is R-
22/R-600a/R-142b (55/8/37), which offers an
ozone depletion potential of 0.05 and compati-
bility with mineral oils. it has been tested in ap-
proximately 150 vehicles, two since August
1990. Only one failure has resulted, but it was
not attributed to the refrigerant change. Colder
air delivery than for R-12 was found; the con-
densing temperature is higher, though still low
enough to prevent refrigerant-oil breakdown.
The isobutane content makes the blend miscible
in standard mineral olls, including Witco Sun-
iso(R) 3GS and 5GS naphthenic oils and Virginia
KMP 150 paraffinic oil. The flammability, both
as compounded and after fractionation from
leakage, is reviewed. Testing of a silane-based,
desiccant and sealant additive are described to
reduce refrigerant leaks. The paper notes that
the blend composition can be customized for
hot climates.

please see pages 5-8 for ordering information
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L. R. Grzyll and C. F. Parish (Mainstream Engi-
neering Corporation), An Innovative Approach for
the Screening and Development of CFC Alter-
natives, Proceedings of the 1992 International Re-
frigeration Conference - Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, Wast Lafayette, IN, vol-
ume 2, pages 415-424, July 1992 (10 pages with 6
figures and 4 tables, RDB2824)

L-Z. Han, M-S. Zhuy, and Z-Z. Lin (Tsinghua Univer-
sity, China), Experimental Study on Biend HCFC-
22/HFC-152a as a Refrigerant in Refrigerator,
Proceedings of the International CFC and Halon
Alternatives Conference (Baltimore, MD), Alllance
for Responsible CFC Policy, Adington, VA, pages
494-501, December 1991 (8 pages with 4 figures
and 1 table, RDB2311)

G. G. Haselden and L. Klimek, An Experimental
Study of the Use of Mixed Refrigerants for Non-
isothermal Refrigeration, Proceedings of the in-
stitute of Refrigeration, pages 129-148, 1957 (20
pages with 10 figures and 1 table, RDB2C02)

H. T. Haukas (Norweglan Institute of Technoiogy,
Norway), Practical Performance of Alternatives
to R-12 and R-502 in Refrigerators and Freezers,
CFC Alternatives: User Experience and Update, in-
stitution of Mechanical Engineers and Institute of
Refrigeration, London, UK, 11 November 1992 (7
pages with 9 figures and 2 tables, RDB3333)

X. He, U. C. Spindler, D. Jung, and R. Radermacher
(University of Maryland), Investigation of R-22/R-
142b Mixture as a Substitute for R-12 in Single-
Evaporator Domestic Refrigerators, paper 3557
(Winter Meeting, Anaheim, CA, January 1992),
Transactions, American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, volume 98, part 1, pages 150-159,
1992 (10 pages with 10 figures and 1 table, RDB-
2340)

R. D. Heap (Shipowners Refrigerated Cargo Re-
search Association, UK), Practical Application of
ARernative Refrigerants in Refrigerated Trans-
port, CFC Alternatives: User Experience and Up-
date, Institution of Mechanical Engineers and In-
stitute of Refrigeration, London, UK, 11 November
1992 (7 pages with 3 tables, RDB3332)

K. E. Hickman (York International Corporation),
Refrigerants After CFCs — What Are the Choices,
Technical Papers of the 15th Annual Meeting (21-
24 March 1993, Vancouver, BC, Canada), Interna-
tional Institute of Ammonia Refrigeration (I1AR),
Washington, DC, March 1993 (30 pages with 2 fig-
ures and 2 tables, RDB3409)

This paper reviews refrigerants to replace R-12,
R-22, and R-502. [t summarizes the phase out

Refrigerant Database

schedule of the Montreal Protocol and ideniifies
alternative refrigerants that are available. The
paper addresses R-134a, R-401 (R-
22/152a/124) blends, R-152a/227ea (80,20),
and R-134a/152a (85/15) as alternatives for R-
12 as well as R-402 (R-125/290/22) blends, R-
290/22/218 blends, and R-22 as alternatives for
R-502. It then discusses longer-range options,
specifically those under investigation in the Al-
ternative  Refrigerants Evaluation Program
(AREP). They include R-32/125 (60/40), R-
32/134a (25/75) and (30/70), R-32/125/134a
(10/70/20) and (30/10/60), R-
32/125/290/134a (20/55/5/20), R-32/227ea
(35/65), R-134a, R-290 (propane), and R-717
(ammonia) as R-22 replacements and R-
125/143a  (45/55), R-125/R-143a/R-134a
(44/52/4), and R-32/125/134a (10/45/45) as
replacements for R-502. Two tables summarize
near term and longer-range alternatives and
identify their compositions, characteristics, and
for some potential applications. The paper out-
lines ongoing research of these fluids, including
determination of properties and investigation of
materials compatibility. It suggests potential
changes in equipment design, particulary for
zeotropes, for the new fluids. They include
considerations for temperature glides, influ-
ences of composition change on heat transfer,
counterflow heat exchangers, composition
maintenance in charging and servicing, and re-
quirements for testing and field diagnosis. Two
figures illustrate the temperature glide for
zeotropes. The paper then surveys require-
ments and complexities for service including
prohibitions against venting, labeling needs, and
composition maintenance for blends. It briefly
mentions considerations for retrofit conversions.
The paper concludes that new refrigerants are
likely to be more expensive than those they re-
place, design emphasis is required for charge
reduction and leak avoidance, and that work is
needed to examine changes to improve perfor-
mance with refrigerant blends. It also notes that
propane and ammonia are likely to recaive fresh
consideration in the turmoil created by changes.

H. M. Hughes (AlliedSignai Incorporated), Non-
Ozone Depleting Refrigerants tor Centrifugal
Compressors, Proceedings of the International
CFC and Halon Alternatives Conference (Washing-
ton, DC), Alliance for Responsible CFC Policy, Ar-
lington, VA, pages 41-46, September 1992 (6 pages
with 4 figures, RDB2AQ1)

This paper reviews the characteristics sought in
a replacement for R-11 and R-123, as well as
reasons for their widespread use and the long-
term need for a replacement. R-245ca, with a
boiling point of 25.5 °C (79.9 °F) and a molecular
mass of 134.0, is identified as a candidate. It is
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reported to be nonflammabie and have a global
warming potentlal (GWP) comparabile to that of
R-134a. The paper presents the resulits of cycle
comparisons based on modelling. These re-
sults include figures comparing the capacity
and coefficient of performance (COP) for R-11,
R-123, and R-245ca. An investigation of multi-
stage systems is outlined. The resuits, exclud-
ing interstage losses, indicate that R-245ca
matches R-11's efficiency with three stages and
becomes more efficlent with four or more.
Moreover, anticipation of better heat transfer
characteristics is noted, based on the higher
molecular weight of R-245ca. Little is known of
the toxicity of this fluld, though most HFCs tend
to have low toxicity. Potential obstacles such as
lubricant identification and materials compatibil-
ity are discussed.

J. A. Jones and A. Lund, Low-Ozone Damaging
Fluid Mix Substitutes for Refrigerant 12, Jet
Propulsion Laboratory, California Institute of Tech-
nology, Pasadena, CA 1989 (RDB2338)

B. D. Joyner, Refrigerants 69-S and 69-L, “Drop-
In* Replacements for R-502, Proceedings of the
International CFC and Halon Alternatives Confer-
ence (Baltimore, MD), Alllance for Responsible
CFC)PoHcy, Arington, VA, December 1991 (RDB-
2303

H. Jurgensen (AEG Hausgerdte AG, Germany),
Messungen an Haushaltskiihigeréten mit brenn-
baren Kaltemitteln (Measurements of Residential
Refrigerators with Flammable Refrigerants), DKV
Jahrestagung, Bremen, FRG, 17 November 1992
(15 pages with 5 figures and 5 tables, RDB3108)

H. Jurgensen (AEG Hausgerate AG, Germany),
Messungen an Haushaltskilhigeriten mit brenn-
baren Kaitemitteln (Measurements of Residential
Refrigerators with Flammable Refrigerants), pre-
sentation charts, DKV Jahrestagung, Bremen, FRG,
17 November 1892 (18 pages, RDB3109)

G. S. Kazachki (Acurex Environmental Corporation)
and C. L. Gage (U.S. Environmental Protection
Agency, EPA), Thermodynamic Evaluation of
Predicted Fluorinated Ether, Ethane, and
Propane Azaotropes, Proceedings of the 1992
International Refrigeration Conference — Energy
Efficiency and New Refrigerants, edited by D. R.
Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 595-605, July 1992
(11 pages with 10 figures and 4 tables, RDB2834)

This paper summarizes thermodynamic analy-
ses of seven predicted azeotropes of fluorinated
ethers, ethanss, and propanes. They include E-
125/R-C270, E-125/R-134a, E-143a/R-134, R-
134a/E-143a, E-143a/R-152a, R-134/R-245cb,
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and R-245cb/R-227ea. Their performance was
evaluated using basic thermophysical property
data and the results used to rank the azeotropes
among other refrigerants.

K. Kim, U. C. Spindler (University of Maryland), D.
Jung (Inha University, Korea), and R. K. Raderma-
cher (University of Maryland), R-22/R-152a Mix-
tures and Cyclopropane (R-C270) as Substitutes
for R-12 in Single-Evaporator Refrigerators: Sim-
ulation and Experiments, paper CH-93-20-2 (Win-
ter Meeting, Chicago, IL, January 1993), Transac-
tions, American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE), Atlanta,
GA, volume 99, part 1, 1993 In publication (8 pages
with 4 figures and 3 tables, RDB3114)

T.S.Kim, J. Y. Shin, S. D. Chang, M. S. Kim, and S.
T. Ro (Seoul National University, Korea), Cycle
Performance and Heat Transfer Characteristics
of a Heat Pump Using R-22/R-142b Refrigerant
Mixtures, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 53-62, July 1992 (10 pages with 14
figures, RDB2713) -

D. L. Klug (DuPont Chemicals), Near- and Long-
Term Alternatives for Hydrochlorofluorocarbon
22 (HCFC-22), paper 1.2, Proceedings of the In-
ternational Seminar on New Technology of Aiterna-
tive Refrigerants — Lubricants and Materials Com-
patibility (Tokyo, February 1983), Japanese Associ-
ation of Refrigeration (JAR), Tokyo, Japan, pages
9-14, February 1983 (6 pages with 3 figures and 1
table, RDB3307)

K. Kolke (Ebara Corporation, Japan), HCFC-123
Centrifugal Refrigeration Machine, paper 4.3,
Proceedings of the International Seminar on New
Technology of Alternative Refrigerants — Lubri-
cants and Materials Compatibility (Tokyo, February
1983), Japanese Assoclation of Refrigeration (JAR),
Tokyo, Japan, pages 67-76, February 1993 (10
pages with 7 figures and 3 tables, RDB3315)

S. N. Kondepudi (Drexel University), Experimental
Investigation ot R-22 Replacement Refrigerants
in a Split-System Residential Air Conditioner, re-
port EPA/430/R-92/007, U.S. Environmental Pro-
tection Agency (EPA), Washington, DC, September
1%92 (30 pages with 4 figures and 12 tables, RDB-
2B09)

This report summarizes capacity and efficiency
tests of five zeotropic biends in a Lennox, 2 ton,
split-system air conditioner. The refrigerants in-
cluded three mixtures of R-32 and R-134a, with
20, 30, and 40% R-32 by mass, and two of R-32
and R-152a, with 30 and 40% R-32. The five

please see pages 5-8 for ordering information
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blends were selected as candidate R-22 re-
placements based on prior studies. Testing was
performed by ETL Testing Laboratories, and
confirmed by independent tests by Lennox In-
dustries; both were performed In accordance
with standard rating test procedures. The fluids
were tested under near “"drop-in® conditions,
without equipment modification except for sub-
stitution of a manual expansion device and re-
placement of the refrigerant and lubricant. An
unidentified polyol ester lubricant was used.
The report summarizes the need for R-22 alter-
natives, candidates identified in prior and on-
going studies, testing and equipment details,
and measured results. It also compares the
findings to simulations. Measured capacity and
efficiency feli below simulated results, but the
test system had not been optimized for the al-
ternative refrigerants. The blends tested gener-
ally showed steady-state efficiency to be within
2% of that of R-22, but offered lower capacity.
R-32/134a (40/60) was identified as a promising
retrofit fluid since it yielded steady state effi-
ciency and capacity 1% higher than R-22,
though the seasonal performance (SEER) was
1% lower.

W. L. Kopko (York International Corporation), Ex-
tending the Search for New Refrigerants, /nter-
national Journal of Refrigeration, Paris, France,
volume 13, number 3, March 1990, pages 79 ff
(RDB2304)

H. Kruse and F. Rinne (Universitat Hannover, Ger-
many), Performance and Leakage investigations
of Refrigeration and Air-Conditioning Systems
Using Refrigerant Mixtures as Working Fluids,
Proceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 2, pages
621-630, July 1992 (10 pages with 10 figures, RDB-
2837)

H. Kruse and U. Hesse (Universitit Hannover,
Germany), Possible Substitutes for Fully Halo-
genated Chlorofluorocarbons Using Fluids Al-
ready Marketed, Status of CFCs - Refrigeration
Systems and Refrigerant Properties (proceedings
of the meetings of IIR Commissions 81, B2, E1, and
E2, Purdue University, West Lafayette, IN), Interna-
tional Institute of Refrigeration, Paris, France, July
1988; republished in the /nternational Journal of
Refrigeration, Paris, France, volume 11, number 4,
pages 276-283, 1988 (RDB2305)

H. Kruse (Universitit Hannover, Germany), The
Advantages of Zeotropic Refrigerant Mixtures
for Heat Pump Applications, International Journal
of Refrigeration, Paris, France, volume 4, pages
119-125, 1981 (RDB3216)
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L. J. M. Kuijpers (Phillips Research Laboratories), J.
A. De Witt, and M. J. P. Janssen, Possibilities for
the Replacement of CFC 12 in Domestic Zquip-
ment, International Journal of Refrigeration, Paris,
France, volume 11, number 4, pages 284-291, 1388
(RDB2258)

J. W. Linton, W. K. Snelson, P. F. Hearty, and A. R.
Triebe (National Research Council, Canada), The
Potential of HFC-134a and HFC-152a to Replace
CFC-12 in Medium Temperature Heat Pump Ap-
plications, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and.J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 203-209, July 1992 (7 pages with 8
figures, RDB2722)

A. Lorenz and K. Meutzner, On Application of
Nonazeotropic Two Component Refrigerants in
Domestic Refrigerators and Home Freezers,
proceedings of the XIVth International Congress of
Refrigeration (Moscow, USSR, August 1975), inter-
national Institute of Refrigeration, Paris, France,
August 1975 (RDB3217)

S. Madigan (Danfoss), Compressor Manufac-
turer's Experiences with R-134a Applications,
Proceedings of the International CFC and Halon
Alternatives Conference (Washington, DC), Alllance
for Responsible CFC Policy, Arington, VA, pages
153-155, September 1992 (3 pages with 4 figures
and 1 table, available from JMC as RDB2A14)

This paper outlines factors requiring attention
when substituting R-134a for R-12 in systems
with capillary tubes and Danfoss LBP compres-
sors. Pressure-enthalpy diagrams show that the
latent heat of vaporization is significantly higher
for R-134a than for R-12, requiring lower mass
flow for the same capacity. A table compares
the enthalpy and design parameters for the two
fluids. The paper notes that capliary tubes
must be reselected with the refrigerant change
to adapt for the differences in pressure and
mass and volume flow. Compatibiiity is noted
as good with substitution of polyol ester lubri-
cants, to account for miscibility; valve coking is
not anticipated. The dependence on a fiiter
drier, with Union Carbide XH7 recommended as
the desiccant, is outlined based on the moisture
content of the lubricant and the difficulty of dry-
ing it. A set of housekeeping rules is outlined.

M. O. McLinden and D. A. Didion (Natlonal Institute
of Standards and Technology, NIST), Quest for Al-
ternatives, ASHRAE Journal, volume 29, pages 32-
42, December 1987; republished in ASHRAE Spe-
cial Publication, CFCs: Time of Transition, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, pages
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69-78, 1989 (6 pages with 9 figures and 1 table,
RDB2259)

This article reviews the criteria required of re-
frigerants and the reasons chlorofluorocarbons
(CFCs) were originally investigated. A system-
atic examination, based on molecular structure,
reveals a range of compounds that should be
environmentally acceptable and still retain de-
sired attributes. 860 compounds were
screened, resulting in 51 fluids warranting fur-
ther examination. The article notes that the
number of compounds from which to choose
alternatives is limited; the chlorofluorocarbon
family — including fluorocarbons and hydrocar-
bons — remains the clear choice by virtue of
stability, thermodynamic properties, health and
safety characteristics, and familiarity. Some
compromise with traditional criteria (e.g., ca-
pacity, flammability, and efficiency) will be
needed. Present refrigerants resulted from
more than 30 years of research and develop-
ment. Careful scientific and technological plan-
ning are required to effect a significant change,
and to avoid a new solution that introduces
more problems than it solves.

A. Meyer, The Success of Hydrocarbons in Do-
mestic Refrigeration, DKK Scharfenstein GmbH,
Scharfenstein, Germany, December 1992 (11
pages with 4 figures and 1 table, RDB3226)

R-290, R-600a, R-290/600a (50/50), refrigera-
tors, refrigerator/freezers

S. M. Miner (Engineering Consultant), An Ap-
praisal of Ammonia as an Alternative Refrigerant
in Light ot the CFC and GWP Situation, Techni-
cal Papers of the 14th Annual Meeting (22-25
March 1992, Miami, FL), International Institcte of
Ammonia Refrigeration (ii{AR), Washington, DC,
pages 231-250, March 1992 (20 pages with 4 fig-
ures and 5 tables, RDB2912)

This paper reviews the history of ammonia re-
frigeration and the impediments — real and per-
celved — to its brocader use. Safety issues and
environmental benefits assoclated with ammo-
nia are identified. Current developments and re-
search efforts related to ammonia use are sum-
marized. The paper then outlines several appli-
cations of ammonia as examples and concludes
with sources of further information.

S. Morlkawa (Asahi Glass Company, Limited,
Japan), Recent Development of CFC Alter-
natives, Catalysis Society of Japan, volume 34,
numt))er 7, pages 458-463, 1992 (6 pages, RDB-
3325

D. Naito (Dalkin Industries, Limited), Alternatives
to CFC Refrigerants, Proceedings of the 3rd In-
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ternational Energy Agency Heat Pump Confarence
(Tokyo, Japan, 12-15 March 1990), edited by T.
Salto and Y. Igarashi, Pergamon Press, Elmsford,
NY, pages 713-720, 1990 (8 pages, RDB0407)

A. D. Nickens, G. F. Brunner, and D. L. Hamiiton,
Navy Investigations of HFC-134a ag a Replace-
ment for CFC-12 in Shipboard Applications,
Naval Engineers Journal, pages 98-103, May 1992
(6 pages with 4 figures and 4 tables, available from
JMC as RDB2706)

This article reviews research and development
efforts by the U.S. Navy to qualify R-134a as the
retrofit replacement refrigerant for'R-12 and for
future air-conditioning applications on ships and
submarines. The article recaps fleet use of R-12
for air-conditioning and refrigeration, compares
the properties of R-134a to those of R-12, and
outlines the Navy's review of toxicity data and
risk affects. Unique considerations for subma-
rine use are summarized, including potential in-
teractions with life-support and contaminant re-
moval systems, in the event of refrigerant leaks.
These systems include burners to oxidize car-
bon monoxide and hydrogen as well as carbon
dioxide scrubbers. The article reviews tests of
R-134a in 25 and 80 ton shipboard air-condi-
tioning plants. Initial retrofit tests using R-134a
with a polyalkylene glycol (PAG) lubricant re-
sulted in 5% improvements in both capacity and
efficiency. Inspection after 5100 hours of oper-
ation, however, revealed extensive copper plat-
ing and severe damage to one piston, wrist pin,
and connecting rod. Damage to other parts, in-
cluding a chipped oil ring, worn piston rings,
and broken or collapsed suction vaive springs
also were noted. These findings led to a judge-
ment that PAG lubricants are unsatisfactory for
shipboard reciprocating comprzssors for air
conditioning. While a molecular-sieve drier had
been used for a portion of the cited tests, initial
operation was without a drier. The paper re-
views a subsequent test of an 80 ton plant with
R-134a and a proprietary polyol ester (POE) lu-
bricant, provided by the Carrier Corporation. A
lubricant analysis after two hours of operation
revealed approximately 15% residual mineral oil,
which was reduced to approximately 3% after a
second oil change. Cooling capacity increased
by 1% and efficiency dropped by 2% using R-
134a. Although minor copper plating was evi-
dent after 2000 hours of operation, particularly
on the suction valves, no measurable decom-
position was detected in the R-134a. No mea-
surable wear was found on any component to
date, and the extended operation test is contin-
uing. Onboard demonstration and fleet retrofit
plans are summarized.

please see pages 5-8 for ordering information




Page 104

G. J. O'Neill and R. S. Holdsworth (W. R. Grace and
Company), Bis (Difluoromethyl) Ether Refriger-
ant, patent 4,961,321, 9 October 1990 (4 pages,
RDB1133)

This patent describes the use of E-134 as a re-
frigerant, either as a single component or in a
blend. The refrigerant Is described as environ-
mentally safe, nontoxic, and nonflammable and
as having the desired physical, chemical, and
thermodynamic properties necessary for a re-
frigerant.

M. A Palmer (W. S. Atkins Limited, UK), Better
Ways of Using Ammonia, CFC Alternatives: User
Experience and Update, Institution of Mechanical
Engineers and Institute of Refrigeration, London,
UK, 11 November 1992 (4 pages with 4 figures,
RDB3335)

S. F. Pearson, (Star Refrigeration Limited), The De-
velopment of a Drop-in Replacement for R-502,
paper 92.4, Proceedings of the Institute of Refrig-
eration, London, UK, January 1992 (9 pages with
15 figures and 1 table, RDB2306)

This paper describes the development, perfor-
mance testing, flammabillity considerations,
charging, and separation of two ternary zeo-
tropes developed as replacements for R-502.
Both are blends of R-22, R-218 (octafluoropro-
pane), and R-290 (propane). One contalning
39% R-218 results in marginally lower discharge
temperatures; the other containing 20% R-218
offers discharge temperatures between those of
R-502 and R-22. These R-290/22/218 mixtures
are nonflammable and of low toxicity. They ex-
hibit ozone depletion potentials (ODPs) of 0.037
and 0.028 and nearly the same refrigerating ef-
fect as R-502. Measured coefficients of perfor-
mance (COPs) with these blends were higher
than for R-502 under comparable conditions.
The paper describes the choice of components,
including initial consideration of blends con-
taining R-125 and R-1270. The test rig, results,
and effects of diffusion and replacement of lost
refrigerants also are discussed. Extensive inter-
nat:gggl field testing is mentioned, but not de-
scribed.

S. F. Pearson, (Star Refrigeration Limited), De-
velopment of a Substitute for R-802, paper 162,
proceedings of the XVllith International Congress
of Refrigeration (Montreal, Québec, Canada, Au-
gust 1991), International Institute of Refrigeration,
Paris, France, August 1991 (RDB2425)

S. F. Pearson, (Star Refrigeration Limited), Refrig-
eration after CFCs, proceedings of the Low Tem-
perature Engineering and Cryogenics Conference,
Southampton, 1990 (RDB2237)

Refrigerant Database

R. L. Powell (ICI Chemicals and Polymers, Limited),
Long Term Replacements for R-22 and R-502:
The Next Challenge, unpublished presentation
(International CFC and Halon Alternatives Confer-
ence, Baltimora, MD), available from ICI Americas
Incorporated, New Castle, DE, USA, Dacember
1991 (16 pages with 4 figures and 3 tables, RDB-
2519) ’

This paper identifies a number of substitute
candidates for R-22 and R-502, and describes
the advantages and disadvantages of each.
Options addressed include R-32, R-125, R-134a,
R-143a, R-152a, as well as nine binary ard ten
ternary blends of them. Selection of canditiates
is limited to fluorocarbons, because only these
compounds exhibit the low bolling points
needed for refrigeration, especially at tempera-
tures needed for commercial frozen-food stor-
age. Chlorinated compounds are excluded be-
cause of their potentlal for ozone depletion.
Perfluorocarbons, such as R-218, are unlikely
since their high-fluorine content, and resuitant
long atmospheric lifetimes, are expected to lead
to high direct global warming potentials
(GWPs). Similar properties to the fluids being
replaced, to minimize equipment development
requirements, and avoidance of subatmospheric
operation are further goals. Flammability and
toxicity limit some choices, such as R-290
(propane) and R-717 (ammonia). The paper
raises avoidance of high GWPs, flammable
ranges, high discharge superheat, high frac-
tionation potential in leakage, and maintenance
or improvement of efficiency to further narrow
the list. The paper recommends mixtures or R-
32 and R-134a, modified where necessary with
R-125 to suppress the flammability of R-32 and
reduce discharge temperatures, as the preferred
solutions.

R. Radermacher and D. Jung (University of Mary-
land), Theoretical Analysis of Replacement Re-
frigerants for R-22 for Residential Uses, report
EPA/400/1-91/041, U.S. Environmental Protection
Agency (EPA), Washington, DC, December 1991
(77 pages with 10 figures and 10 tables, available
from JMC as RDB2509)

This report examines the need and candidate
replacements for R-22. The simulation pro-
grams (HAC1 for single fluids and binary mix-
tures and HACT1 for ternary mixtures) and data
used for the study are summarized. Hydrofluo-
rocarbon (HFC) refrigerants R-32, R-125, R-134,
R-134a, R-143a, and R-152a and hydrochloro-
fluorocarbon (HCFC) R-124 were selected for
analyses. Results are presented for R-32/124,
R-32/134, R-32/134a, R-32/152a, R-125/124, R-
125/134a, R-125/152a, R-14aa(124. R-
143a/134a, and R-143a/152a. Results also are
provided for three ternary blends, investigated
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to reduce flammabillity, namely R-32/152a/124,
R-32/152a/134, and R-32/152a/134a. Coeffi-
clents of performance (COPs) and seasonal
performance factors (SPFs) were calculated.
The report also reviews the design modifications
considered and discusses requirements for fu-
ture research. No single-component refrigerant
was found accep.table as a substitute, but binary
and ternary blenas appear promising. The
ternary mixture of R-32/152a/124 showed the
best performance, with a COP Iincrease of
13.7% over R-22. Chlorine-tree R-32/152a/134
yielded a 12.6% increase, but no manufacturer
has indicated intent to produce R-134. R-
32/134a shows an improvement of 6% and may
not be flammable since it contains 70% R-134a.
The report notes that significant design
changes, such as use of counter-flow heat ex-
changers, will be necessary to achieve these
gains. A caveat Indicates that the ranking of
substitutes may change, due to the influence of
transport properties and other variables not
considered. (This report replaces the published
draft, see RDB1134))

R. Radermacher and D. Jung (University of Mary-
land), Replacement Refrigerants for R-22, pub-
lished draft report, U.S. Environmental Protection
Agency (EPA), Washington, DC, November 1990
(80 pages with 24 exhibits, RDB1134)

This peer-review draft examines alternative re-
frigerants for R-22. The report summarizes the
simulation programs used, HAC and HACT, to
examine candidate refrigerants. Coefficients of
performance (COPs) and seasonal performance
factors (SPFs) were calculated for a number of
mixtures. The report also reviews the design
modifications considered and discusses re-
quirements for future research. No single-com-
ponent refrigerant was found suitable as a sub-
stitute, but binary and ternary blends appear
promising. The R-32/152a blend was identified
as the most promising option, with an estimated
COP increase of 11%. A further increase by 4%
was estimated with use of a suction gas heat ex-
changer. Addition of a third, nonflammable
<oinponent Is suggested to reduce flammability.
T hls)pubﬂshed araft was replaced by RDB-
2509.

R. Radermacher (University of Maryland) and J.

velle (Eif Atochem North America, incorporated),
Comparison of R-12 with the Blend of R-22/R-
142b, Proceedings of the ASME Winter Annual
Meeting, American Socliety of Mechanical Engi-
neers (ASME). New York, NY, pages 22-30, 1988
(RDB2339)

C. K. Rice and J. R. Sand (Oak Ridge Nationa! Lab-
oratory, ORNL), Compressor Calorimeter Per-
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formance of Refrigerant Blends — Comperative
Methods and Results for a Refrigerator Freezer
Application, paper CH-93-20-3 (Winter Meeting,
Chicago, IL, January 1993), Transactions, Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, volume
99, part 1, 1993 In publication (19 pages with 7 fig-
ures and 5 tables, RDB3115)

M. L. Robin, Y. likubo (Great Lakes Chemical Cor-
poration), G. de Souza Damasceno, J. N. Dubrouil-
let, V. W. Goldschmidt, and D. R. Tree (Purdue Uni-
versity), Performance of Alternative Refrigerants:
Refrigerator-Freezer Energy Testing with HFC-
152a / HFC-227ea Mixtures, Proceedings of the
International CFC and Halon Alternatives Confer-
ence (Washington, DC), Alliance for Responsible
CFC Poalicy, Arlington, VA, pages 99-104, Septem-
ber 1992 (6 pages with 2 tables, RDB2AQ5)

This paper presents measured performance
data for blends of R-152a and R-227ea tested in
an unmodified home refrigerator. Physical and
thermodynamic properties as well as flammabii-
ity data and ozone depletion potentials (ODPs)
are tabulated for R-12, R-152a, and R-227ea for
comparison. The energy measurements were
based on ANSI/AHAM Standard HRF-1-1988,
with an increased number of thermocouples.
An unidentified polyol ester (POE) was used as
the lubricant for the R-152a/227ea mibtures. R-
152a/227ea (80/20) offered slightly reduced
energy consumption and $1/50 and 20/80
mixtures Increased energy consumption by
4.3%. The paper concludes that the R-152a/
227ea blends may offer significantly improved
performance compared to R-12 in an optimized
system. Recommendations are provided for fur-
ther work.

R. J. Rose (University of Maryland), D. Jung (Inha
University, Korea) and R. Radermacher (University
of Maryland), Testing of Domestic Two-Evapo-
rator Refrigerators with Zeotropic Refrigerant
Mixtures, paper 3620 (Annual Meeting, Baltimore,
MD, June 1992), Transactions, American Society of
Heating, Refrigerating, and Air-Conditioning Enji-
neers (ASHAAE), Atlanta, GA, volume 98, part 2,
pages 216-226, 1992 (10 pages with 7 figures and 3
tables, RDB2605)

S. M. Sami, J. Schnotale (University of Moncton,
Canada), and J. G. Smale (DuPont Canada, Incor-
porated), An Investigation of Ternary Biends
Performance Proposed as Substitutes for CFC-
12, Proceedings of the 1992 International Re-
frigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 2, pages 651-660, July 1992 (10 pages with 9
figures, RDB2840)

please see pages 5-8 for ordering information
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J. R. Sand, E. A. Vineyard, and V. D. Baxter (Oak
Ridge National Laboratory, ORNL), Laboratory
Evaiuation of an Ozone-Safe Nonazeotropic Re-
frigerant Mixture in & Lorenz-Meutzner Refriger-
ator Freezer Design, paper CH-93-20-4 (Winter
Meeting, Chicago, IL, January 1993), Transactions,
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
volume 99, part 1, 1993 in publication (14 pages
with 8 figures and 12 tables, RDB2412)

J. R. Sand, S. K. Fischer (Oak Ridge National Labo-
ratory, ORNL), Modeled Performance of Non-
chlorinated Substitutes for CFC-11 and CFC-12
in Centrifugal Chillers, International Journal of
Refrigeration, Paris, France, in publication (6
pages, RDB2411)

J. R. Sand, S. K. Fischer (Oak Ridge National Labo-
ratory, ORNL), and P. A. Joyner (Electric Power
Research Institute, EPRI), Modeled Performance
of Nonchlorinated Substitutes for CFC-11 and
CFC-12 in Centrifugal Chillers, Proceedings of
the International CFC and Halon Alternatives Con-
ference (Baltimore, MD), Alliance for Responsible
CFC Policy, Aflington, VA, pages 406-415, Decem-
ber 1991 (10 pages with 2 tables, RDB2260)

J. R. Sand and E. A. Vineyard, Report of Foreign
Travel: 2-5 May 1989 (Zeotropic Blends in Re-
frigerators], ORNL/FTR-3251, Oak Ridge National
Laboratory, Oak Ridge, TN, 18 May 1989 (14
pages, RDB1135)

This Informal report summarizes meetings on
refrigerator /freezer testing with zeotropic blends
of refrigerants (nonazeotropic mixtures of re-
frigerants or NARMs) at the Universitdt Han-
nover (Hannover, FRG). The research In-
vestigated a freezer, modified with a polystyrene
block to form separate freezer and fresh-food
compartments, operating with an R-22/142b re-
frigerant blend. The simulation program, testing
protocol, instrumentation, and plans for testing
other blends were reviewed. Also addressed Is
a visit to AEG GmbH (Kassel, FRG), a major
manufacturer of domestic appllances, to dis-
cuss research on alternative refrigerants. Com-
pressor components were reviewed after 1000
hours accelerated life testing in R-134a and in R-
22/R-142b. Parts from the R-134a compressor
looked very good, whereas parts from the R-
22 /R-142b test unit showed much more thermal
breakdown. Some AEG engineers favor R-152a,
or blends of R-152a with R-22 or R-134a, as an
alternative to R-12.

K. S. Sanvordenker (Tecumseh Products Com-
pany), Compressor Manufacturer's R-134a Ap-
plications, Proceedings of the International CFC
and Halon Alternatives Conference (Washington,
DC), Alliance for Responsible CFC Policy, Aring-
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ton, VA, pages 157-164, September 1992 (8 pages
with 3 figures and 3 tables containing corrections to
the copy In the proceedings, available from JMC as
RDB2901)

This paper highlights the efforts of a compressor
manufacturer to implement research data into
R-134a applications for hermetic units. Com-
parative capacity and performance data, based
on calorimeter tests, are tabulated for compres-
sors representative of those used in refrigera-
tor/freezer applications. The capacity is ap-
proximately 10% lower with R-134a at rating
conditions, but the efficiency stays the same.
Further data show that the relative capacities
and efficiencies of R-12 and R-134a may be
lower or higher depending on the application
conditions. Sound levels are plotted for tradi-
tional R-12 and redesigned, high-efficiency R-
134a compressors; the overall sound level is
lower for the latter. Materials compatibility is-
sues are reviewed, noting the advantages and
acceptance of polyol ester (POE) lubricants as
the consensus selection for R-134a. The paper
discusses lubricant stability, chemical reactivity,
miscibility, solubility, and lubricity. A plot com-
pares the solubility of R-12 and R-134a in two
POEs toc R-12 in mineral oill. The discussion
suggests that a bigger motor, with a small po-
tential penalty in efficlency, may be required for
R-134a due to the impact on equalization pres-
sure and the required starting torque. A need is
noted for new test methods for lubricity. The
impacts on motor insulation and uncertainties
regarding contaminants are covered briefly.
The paper concludes that there are no technical
barriers to conversion from R-12 to R-134a, but
that information dissemination and the cost of
the refrigerant and lubricant remain factors in
the rate of conversion.

K. S. Sanvordenker (Tecumseh Products Com-
pany), R-152a versus R-134a in Domestic Refrig-
erator-Freezer — Energy Advantage or Energy
Penaltyl, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 259-263, July 1992 (5 pages with 4
tables, RDB2728)

This paper presents new laboratory data for R-
12, R-134a, and R-152a in domestic refrigerator-
freezer applications. it responds to assertions
and reported findings that R-152a would offer
higher efficiency, noting an error in the pub-
lished thermodynamic data used. The paper re-
views reports of R-152a advantages and impii-
cations. It also provides capacity and efficiency
data, based on calorimeter tests, for six com-
pressors for R-12, R-134a, and R-152a with a
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yol ester lubricant. These tests were run at -
23 °C {-10 °F) evaporator temperature and both
43 and 54°C (110 and 130 °F) condenser tem-
peratures. The test method, ASHRAE Standard
23, and associated peculiarities are reviewed.
R-152a consistently yielded a 10% lower capac-
ity than R-134a, which in tum showed a 10%
drop compared to R-12. The energy efficiencies
were nearly the same at the higher condensing
temperature, but R-152a suffered a 6.5% penalty
at the more representative lower condensing*
temperature. The data are briefly related to
analyses by other investigators, which corrobo-
rate the findings. The paper concludes that use
of R-152a instead of R-134a may yield a signifi-
cant energy penalty rather than advantage.

I. R. Shankland (AlliedSignal Incorporated), CFC
Alternatives for Thermal Insulation Foams,
CFCs: Today's Options — Tomorrow’s Solutions
(proceedings of ASHRAE's CFC Technology Con-
ference, National Institute of Standards and Tech-
nology, Gaithersburg, MD, September 1989),
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
pages 87-95, 1990 (9 pages, RDB(0518)

M. B. Shiflet, A. Yokozeki, and P. R. Reed (DuPont
Chemicals), Near-Azeotropic Refrigerants as Al-
ternatives for R-502, ASHRAE Journal, American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE), Atlanta, GA, pages
24-28, February 1992 (5 pages with 2 figures and 3
tables, RDB3302)

M. B. Shifiet, A. Yokozeki, and P. R. Reed (DuPont
Chemicals), Property and Performance Evalua-
tion of "SUVA" HP Refrigerents as R-502 Alterna-
tives, Proceedings of the 1992 international Re-
frigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 15-24, July 1992 (10 pages with 10
figures and 2 tables, RDB2709)

M. B. Shiftet, A. Yokozeki, and D. B. Bivens (DuPont
Chemicals), Refrigerant Mixtures as HCFC-22
Alternatives, Proceedings of the 1992 International
Refrigeration Conference — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayette, IN, vol-
ume 1, pages 35-44, July 1992 (10 pages with 8
figures and 2 tables, RDB2711)

M. B. Shifiet and P. R. Reed (DuPont Chemicals),
ARternative Low-Temperature Refrigerants, paper
163, proceedings of the XVilith International
Congress of Refrigeration (Montreal, Québec,
Canada, August 1991), International Institute of Re-
frigeration, Paris, France, August 1991 (RDB2307)

Page 107

J. G. Smale (DuPont Canada, Incorporated), New
Refrigerants and Mixtures. for Heat Pump Op-
portunities in Canada, Proceedings of the 3rd In-

“ternational Energy Agency Heat Pump Conference

(Tokyo, Japan, 12-15 March 1990), edited by T.
Saito and Y. Igarashi, Pergamon Press, Eimsford,
NY, 1990 (10 pages with 5 figures and 11 tables,
RDB2A13)

L. Snitkjeer and F. K. Eggert (Danfoss-Flensburg
GmbH, Germany), Use of a Ternary Blend in Ex-
isting Domestic CFC-12 Appliances, Proceed-
ings of the 1992 International Refrigeration Confer-
ence — Energy Efficiency and New Refrigerants,
edited by D. R. Tree and J. E. Braun, Purdue Uni-
versity, West Lafayette, IN, volume 2, pages 631-
640 July 1992 (10 pages with 5 figures and 4 tables,
RDB2838)

T. G. Statt (U.S. Department of Energy), An
Overview of Ozone-Safe Refrigerants for Cen-
triftugal Chillers, CFC Alternatives, technical data
hulletin 6(1), American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE),
Atlanta, GA, pages 35-39, June 1990; republished
in Transactions, American Soclety of Heating, Re-
frigerating, and Air-Conditioning Engineers, Atlanta,
GA, volume 96, part 1, 1990 (5 pages with 2 figures
and 5 tables, RDB2335)

R. A. Struss, J. P. Henkes, and L. W. Gabbey (Mo-
dine Manufacturing Company), Performance
Comparison of HFC-134a and CFC-12 with Vari-
ous Heat Exchangers in Automotive Air-Condi-
tioning Systems, paper 900598 (SAE Intenational
Congress and Exposition, Detroit, Mi, 26 February -
2 March 1990), Society of Automotive Engineers
(SAE), Warrendale, PA, February 1990 (12 pages
with 13 figures and 7 tables, RDB2A17)

This paper reviews vehicular wind tunnel tests
that were carried out on two automotive air-
conditioning systems. The test data compare
performance of R-12 and R-134a with various
heat exchangers. The vehicles, heat exchang-
ers, test facilities, approach, and findings are re-
viewed. R-12 was tested with a 525 SUS vis-
cosity mineral oil. R-134a was tested with a
proprietary polyalkylene glycol, supplied by
DuPont Chemicals. The eat exchangers in-
cluded both a serpentine and a parallel flow de-
signs. Refrigerant chzrge requirements were
determined by comparative tests. R-134a re-
sulted in higher head pressures, but the same
compartment temperatures as with R-12. Heat
exchanger selection was found to influence
charge levels, indicated as important with use of
the more expensive R-134a. An appendix de-
scribes the wind tunnel used. '

S. G. Sundaresan (Copeland Corporation), Com-
mercial Refrigeration: The Challenge and the Is-

please see pages 5-8 for ordering information
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sues Regarding the Retrofit and New Equip-
ment, paper 4.2, Proceedings of the International
Seminar on New Technology of Alternative Refrig-
erants — Lubricants and Materials Comgatibility
(Tokyo, February 1983), Japanese Assoclation of
Refrigeration (JAR), Tokyo, Japan, pages 57-66,
February 1993 (6 pages with 1 figure and 6 tables,
RDB3314)

S. G. Sundaresan (Copeland Corporation), As-
pects of Lubrication, Fractionation, and Relia-
bility of Compressors with new Refrigerants for
Commercial Refrigeration, CFC Alternatives: User
Experience and Update, Institution of Mechanical
Engineers and Institute of Refrigeration, London,
UK, 11 November 1992 (12 pages with 1 figure and
7 tables, RDB3330)

S. G. Sundaresan (Copeland Corporation), Near
Azeotrope Refrigerants to Replace R-502 in
Commercial Refrigeration, Proceedings of the
1992 International Refrigeration Conference — En-
ergy Efficiency and New Refrigerants, edited by D.
R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 1, pages 1-13, July 1992 (13
pages with 11 figures and 7 tables, RDB2708)

S. G. Sundaresan (Copeland Corporation), Alter-
nate Refrigerants and Lubricants for Refrigera-
tion Compressors, paper 151, proceedings of the
XVilith International Congress of Refrigeration
(Montreal, Québec, Canada, August 1991), Interna-
tional Institute of Refrigeration, Paris, France, Au-
gust 1991 (RDB2308)

T. Takaichi (Showa Denko K K., Japan), Current
Status of R&D for CFC Alternatives, paper 1.1,
Proceedings of the International Seminar on New
Technology of Alternative Refrigerants ~ Lubri-
cants and Materials Compatibility (Tokyo, February
1983), Japanese Assoclation of Refrigeration (JAR),
Tokyo, Japan, pages 3-8, February 1983 (6 pages
with 5 figures and 4 tables, RDB3306)

The paper briefly surveys research and devel-
opment efforts to identify alternatives for chloro-
fluorocarbon (CFC) refrigerants. It recaps the
introduction of CFCs, discovery of their ozone-
depletion role, and both measured concentra-
tions in the atmosphere and ozone decline. It
then reviews the 1992 revisions to the Montreal
Protocol, international production of CFCs and
R-22, and 1991 CFC consumption by applica-
tion in Japan. The paper discusses interest In
hydrochiorofluorocarbon (HCFC) and hydro-
fluorocarbon (HFC) alternatives and provides a
tabular summary of candidate fluids. A figure
indicates the chemical paths to produce the
primary alternative fluorocarbons. It then re-
views the Program for Alternative Fluorocarbons
Toxicity Testing (PAFT) and outlines the five
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programs underway. It also summarizes efforts
under the Alternative Fluorocarbons Environ-
mental Acceptability Study (AFEAS) to assess
candidate HCFCs and HFCs. It mentions a five-
year cooperative program by the Japanese Re-
search Institute of Innovative Technology for the
Earth (RITE), Ministry of International Trade and
Industry (MITI), New Energy Development Or-
ganization (NEDO), National Chemistry Labo-
ratory for Industry (NCLI), and ten chemical
producers to develop a new generation refriger-
ant. This "third generation” fluid would be 0zone
safe, have low global warming effect, and have
a new molecular structure consisting of oxygen
and other elements in addition to carbon, fiuo-
rine, and hydrogen. While this paper does not
address any of these subjects in depth, it pro-
vides a sweeping overview of efforts to intro-
duce alternative refrigerants.

T. Takaichl (Showa Denko K.K., Japan), Develop-
ment of Alternative Flucrocarbons, Petrotech,
volume 14, number 6, pages 513-518, 1991 (6
pages, RDB3324)

N. Tanaka (Mitsubishi Electric Corporation, Japan),
Trends of Alternative Refrigerants, paper 4.1,
Proceedings of the International Seminar on New
Technology of Alternative Refrigerants — Lubri-
cants and Materials Compatibifity (Tokyo, February
1983), Japanese Assoclation of Refrigeration (JAR),
Tokyo, Japan, pages 51-56, February 1993 (6
pages with 5 figures and 2 tables, RDB3313)

D. W. Treadwell (Lennox Industries Incorporated),
Application of Propane (R-290) to a Single Pack-
aged Unitary Air-Conditioning Product, Pro-
ceedings of the International CFC and Halon Alter-
natives Conference (Baltimore, MD), Alillance for
Responsible CFC Policy, Arington, VA, pages 348-
351, December 1991 (4 pages with 1 table, avail-
able from JMC as RDB2261)

This paper discusses the safety considerations
and two tests of propane (R-290) as a refriger-
ant in a single-package, unitary air conditioner.
Advantages cited Include lower discharge tem-
perature and pressure compared to R-22, both
favorable to compressor life, as well as higher
efficiency (by 1-2%) and materials compatibility.
The low cost, avallability, and favorabie envi-
ronmental attributes (no ozone-depletion poten-
tial and near zero global warming potential) are
contrasted to its flammability. The paper estl-
mates the charge quantity required to be less
than half that of R-22, and concludes that the
probability of reaching the lower flammability
limit in a house — under identified leak assump-
tions — is remote. The paper indicates that the
potential risks should be evaluated in light of the
environmental and other advantages.
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S. Uemura, S. Inagaki, N. Kobayashi, T. Teraoka,
and M. Noguchi (Dalkin Industries, Limited), Char-
acteristics of HFC Refrigerants, Proceedings of
the 1992 International Refrigeration Conference —
Energy Efficiency and New Refrigerants, edited by
D. R. Tree and J. E. Braun, Purdue University, West
Lafayette, IN, volume 2, pages 385-394, July 1992
(10 pages with 13 figures and 5§ tables, available
from JMC as RDB2821)

E. A. Vineyard, J. R. Sand (Oak Ridge National
Laboratory, ORNL), and T. G. Statt (U.S. Depan-
ment of Energy, DOE), Selection of Ozone-Safe,
Nonazeotropic Refrigerant Mixtures for Capacity
Modulation in Residential Heat Pumps, paper
3199, Transactions, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers
(ASHRAE), Atlanta, GA, volume 95, part 1, 1989 (12
pages with 4 figures and 4 tables, RDB1136)

M. Yital, W. Jig, Y. Zhao, W. Hualxin, and L. Canren
(Tianjin University, China), Investigation of Using
Nonazeotropic Refrigerant Mixture as the R:-
placement of R-12, Proceedings of the 1992 inter-
national Refrigeration Conference — Energy Effi-
ciency and New Refrigerants, edited by D. R. Tree
and J. E. Braun, Purdue University, West Lafayette,
IN, volume 2, pages 669-676, July 1992 (8 pages
with 6 figures and 3 tables, RDB2842)

M-S. Zhy, L-Z. Han, Z-Z. Lin (Tsinghua University,
China) B. Lu, D. Liu, and L. Yang (Beijing Snow
Flake Electrical Appliance Group Corporation,
China), Experimental Researches on Domestic
Refrigerators Using HFC-134a as Refrigerant,
Proceedings of the 1992 International Refrigeration
Conference — Energy Efficiency and New Refriger-
ants, edited by D. R. Tree and J. E. Braun, Purdue
University, West Lafayette, IN, volume 1, pages
241-247, July 1992 (7 pages with 1 figure and 5 ta-
bles, RDB2726)

M-S. Zhu, L-Z. Han, and 2-Z. Lin (Tsinghua Univer-
sity, China), Researches of CFC Alternatives in
Tsinghua University, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Baltimore, MD), Alliance for Responsible CFC Pol-
icy, Arlington, VA, pages 484-493, December 1991
(10 pages with 6 tables, RDB2312)

Alternative Refrigerant Research for Residential
Refrigerator-Freezers, research project 614-RP,
American Soclety of Heating, Refrigerating, and Alr-
Conditioning Engineers (ASHRAE), Atlanta, GA,
April 1989 - June 1991 (ASH0614)

The contractor for this project was Oak Ridge
National Laboratory, led by E. Vineyard; it was
sponsored by ASHRAE Technical Committees
3.1, Refrigerants and Brines, and 7.1, Residen-
tial Refrigerators and Food Freezers. [see RDB-
2412 for findings|
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As Easy as 123, E. I. DuPont de Nemours and
Company, Incorporated, Wilmington, DE; The
Trane Company, La Crosse WIi; and York Interna-
tional Corporation, York, PA; October 1990 (12-
minute videotape, RDB1137)

This video explains how R-123 was deveioped
to replace R-11 by balancing ozone-depletion,
global-warming, and energy-efficiency consid-
erations.

CFCs: Time of Transition, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, 1989 (274 pages with
32 papers, RDB1138)

CFCs: Today's Options — Tomorrow’s Solutions,
proceedings of 1989 ASHRAE CFC Technology
Conference (Gaithersburg, MD, September 1989),
American Soclety of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE), Atlanta, GA,
1990 (128 pages with 13 papers, RDB1139)

Development of an Advanced Refrigerant for
Compression Heat Pump, Research Institute of
innovative Technology for the Earth (RITE), De-
cember 1991 (RDB3326)

Proceedings of the 1990 USNC/IIR-Purdue Re-
frigeration Conference and ASHRAE-Purdue
CFC Conterence, edited by D. R. Tree, Ray W.
Herrick Laboratories, Purdue University, West
Lafayette, IN, July 1990 (526 pages with 56 papers,
RDB1140)

Progress in Japan with Substitutes for CFC Re-
frigerants: Report on Trip to Japan (17 Novem-
ber — 2 December 1989), Air-Conditioning and
Refrigeration Institute (ARI), Arlington, VA, 1989 (17
pages including 2 tables, RDBOCO04)

This report summarizes observations made
during a trip to Japan to investigate progress
with substitutes for chiorofluorocarbon refriger-
ants, with emphasis on materials compatibility
and lubricant research issues. The report sum-
marizes status of refrigerants, research, and
testing techniques; an itinerary and list of con-
tacts are included. The substitutes being ad-
dressed match those being pursued in the
United States, but the effort and depth of analy-
sis are greater.

Research Needs for Energy Efficlent Alternatives
to Chlorofiuorocarbons, request for proposals
DE-RP01-89ER30155, U.S. Department of Energy
(DOE), Washington, DC, August 1989 (170 pages,
RDB1141)

Report of the ARI Delegation to Japan on Alter-
native Refrigerants, report DOE/CE/23810-12,
Air-Conditioning and Refrigeration institute (ARI),

please see pages 5-8 for ordering information
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Adington, VA, February 1993 (20 pages including 2
appendices, available from JMC as RDB3401)

This document reports on a trip, by an ARI dele-
gation, to exchange information on alternative
refrigerants and to review methods to screen
alternatives to chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs). Five rep-
resentatives travelled to Japan to participate in
the International Seminar on New Technology of
Alternative Refrigerants — Lubricants and Mate-
rials Compatibility. They subsequently visited
seven manufacturers and the Ministry of Inter-
national Trade and Industry (MITI). Techniques
for materials compatibility screening, lubricant
testing, and flammability studies were of specific
interest. This report provides an overview of
Japanese phase-out strategies, Identifies re-
search Into alternative refrigerants and lubri-
cants for them, and reviews the screening
methods used. It discusses the status of
retrofits and system design. The conference
agenda and lists of both the ARI delegates and
companies visited are provided in appendices.
The report notes that the leading replacement
refrigerant is-R-134a. Efforts with hydrochloro-
fluorocarbon (HCFC) alternatives are limited
since companies expect to move away from
such fluids by the year 2000. R-32/134a
(30/70) Is considered a candidate to replace R-
22, though the Japanese view this zeotrope as
not flammable, unlike in the U.S., based on
testing under different conditions. More than 50
compounds have been synthesized and are un-
der investigation as alternatives for R-502.
Polyol ester (POE) lubricants are the prime fo-
cus for hydrofiuorocarbons (HFCs), except in
automotive air conditioning where polyalkylene
glycols (PAGs) are used. The report discusses
specific fluids, lubricants, test procedures, and
regulatory actions and expectations for several
application areas. Observations regarding use
of absorption chillers as alternatives, govern-
ment incentives, CFC taxes, safety standards,
and a CFC destruction technology also are
mentioned.

Status of CFCs — Refrigeration Systems and Re-
frigerant Properties, proceedings of the meetings
of IR Commissions B1, B2, E1, and E2 (Purdue
University, West Lafayette, IN), International Insti-
tute of Refrigeration, Paris, France, July 1988 (438
pages with 51 papers, RDB1142)
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ABSORPTION AND ADSORPTION

M. R. Ally, Computer Simulation of Absorption
Heat Pump Using Aqueous Lithium Bromide and
Ternary Nitrate Mixtures, report ORNL/TM-10392,
Oak Ridge National Laboratory, Oak Ridge, TN,
June)1988 (52 pages, available from NTIS, RDB-
1143

This report presents the resuits of a computer
simulatic. study aimed at comparing the poten-
tial performance of lithium bromide (LiBr) and
ternary nitrate aqueous mixtures in a ,heat
pump. The falling-film heat transfer coefficient
for the ternary nitrate mixture is estimated to be
lower than that for LiBr by about one-third. Due
to a lack of measured thermophysical proper-
ties, the estimates relied on extrapolations. The
results show that the ternary nitrate mixture may
be operated up to 260 °C (500 °F) boost tem-
perature, which is approximately 80 °C (176 °F)
higher than what has been demonstrated with
LiBr. In higher temperature regimes, the nitrates
show the potential for 10% higher COPs and a
marginally greater absorber capacity than LiBr.
Experimental measurements of the falling film
heat transfer coefficient, subcooling, and ther-
mophysical properties are required to make a
more definitive investigation.

S. C. Bhaduri (Indian Institute of Technology),
Thermodynamic Criterion for Selection of Re-
frigerant-Absorbent Pairs for Vapor Absorption
Refrigeration System, Proceedings of the Interna-
tional CFC and Halon Alternatives Conference
(Washington, DC), Alliance for Responsible CFC
Policy, Arington, VA, pages 83-98, September 1992
(16 pages with 5 figures and 1 table, RDB2A04)

R. L. Cox, Improvements and Enhancements of
the ABSORB Computer Program for Modeling
Chemical Absorption Heat Pump Systems, re-
port ORNL/TM-9957, Oak Ridge National Labora-
tory, Oak Ridge, TN, July 1986 (56 pages, available
from NTIS, RDB1144)

This report provides documentation for updates
to ABSORB, a simulation program for modeling
chemical absorption heat pump systems of
varying configuration. A number of improve-
ments and enhancements have been incorpo-
rated to improve the robustness, flexibility, and
applicability of this code; these modifications
include: 1) a revised strategy of solving the
system equations, 2) increased modularization
of the program, and 3) the first efforts to employ
the code to determine an optimum economic
design of a heat pump system. A listing of the
FORTRAN source code for ABSORB Is included
as an appendix. The listing excludes the opti-
mizing package NPSOL, which s proprietary
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and must be separately obtained. User docu-
mentation to run ABSORB Is published sepa-
rately in report ORNL/Sub/43337/2.

R. C. DeVault, Advanced Absorption Cycles: Sys-
tem Development and Supporting Research,
Oak Ridge Natlonal Laboratory (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,
report ORNL/Sub/43337/2, Oak Ridge National
Laboratory, Oak Ridge, TN (available from NTIS,
RDB0926)

B. H. Jennings and F. P. Shannon, The Thermo-
dynamics of Absorption Refrigeration, Refriger-
ating Engineering, American Soclety of Refrigerat-
ing Engineers (ASRE, now merged into the Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers, ASHRAE), Atlanta, GA, volume
35, pages 333 ff, 1938 (RDB3230)

R. A. Macriss and T. S. Zawacki, Absorption Fluids
Data Survey 1989 Update, report ORNL/ Sub/84-
47989/4, Oak Ridge National Laboratory, Oak
Ridge, TN, 1989 (52 pages with 21 tables, available
from NTIS, RDB1146)

This document updates the serles of reports on
absorption fluids and data, ORNL/Sub/84-
47989/1,2,3, with data developed and published
primarily between 1985-1988, and by citation of
44 additional references. Seventy-four world-
wide publications containing data relating to
properties of binary, ternary, and multicompo-
nent absorption fluids are identified. The fluids
discussed include combinations of 9 different
refrigerant compounds, as well as 30 single, 7
binary, and 1 ternary absorbent compounds.

M. R. Patterson, R. N. Crosswhite, and H. Perez-
Blanco, A Menu-Driven Program for Determining
Properties of Aqueous Lithium Bromide Solu-
tions, report ORNL./TM-11331, Oak Ridge National
Laboratory, Oak rdge, TN, January 1990 1%38
pages with program diskette, available from NTIS,
RDB1147)

This report contains a description of and user’s
guide for the computer program LIMENU for
calculating the thermodynamic and transport
properties of aqueous solutions of lithium bro-
mide (LiBr).

Thermophysical Property Data for Water-Lithium
Bromide at High Temperatures and Concentra-
tions, research project 527-RP, American Society
of Heating, Refrigerating, and Air-Conditioning En-
gineers (ASHRAE), Atlanta, GA, July 1987 - June
1991 (ASH0527)
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The contractor is the Georgla Tech Research
Institute, led by A. S. Tea; the project was
sponsored by ASHRAE Technical Committee
8.3, Absorption and Heat-Operated Machines.

Working Fluids and Transport Phenomena in
Advanced Absorption Heat Pumps, report HPTC-
30-2, edited by T. Saito, Heat Pump Technology
Center of Japan, Tokyo, Japan, volume Il, March
1990 (362 pages, RDB1148)

This report summarizes the findings of the Inter-
national Energy Agency (IEA) research project
on Working Fluids and Transport Phenomena in
Advanced Absorption Heat Pumps‘(Annex XIV).

RESEARCH PROGRAMS

G. C. Hourahan and M. S. Menzer (Air-Conditioning
and Refrigeration Institute), Research Needs in
Air-Conditioning and Refrigeration, Proceedings
of the ASME National Heat Transfer Conference
(Atlanta, GA, August 1993), American Society of
Mechanical Engineers (ASME), New York, NY,
1993 (8 pages with 5 figures and 1 table, avallable
from JMC as RDB3421)

This paper outlines research needs stemming
from introduction of alternative refrigerants and
the concurrent desire to maintain or increase
equipment efficiency. Its purpose is to seed in-
terest in and identify sponsorship opportunities
for necessary research. The paper briefly re-
views potential impacts of refrigerants on ozone
depletion and global warming. It then discusses
vapor-compression and absorption cycles and
equipment. Starting with their components, it
identifies research needs to utilize alternative
refrigerants. Research of heat exchanger en-
hancement, fundamental boiling heat transfer,
considerations for glide utilization for zeotropes,
and influences of lubricants are among the top-
ics addressed. Design issues for compressors,
both positive displacement and centrifugal, are
surveyed with emphasis on discharge vaive re-
quirements, impeller improvement, oli-free pos-
sibilities, and seal refinement. Research needs
are cited for materials compatibility and lubri-
cants, composition management for zeotropic
blends, and leak sensor requirements. The pa-
per then discusses opportunities for not-in-kind
technologies including absorption, adsorption
(or desiccant), Stifing, and other cycles. It also
mentions needs relating to distribution systems,
training of service personnel, and conversions
to aiternative fluids. The paper mentions ongo-
Ing research by the Air-Conditioning and Refrig-
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eration Technology Institute (ART!) and provides
a tabular summary of agencies funding research
of air conditioning and refrigeration. They in-
clude the ARTI, American Soclety of Heating
Refrigerating and Air-Conditioning Engineers
(ASHRAE), Electric Power Research Institute
(EPRI), Gas Research Institute (GRI), U.S. De-
partment of Energy (DOE), and U.S. Environ-
mental Protection Agency (EPA).

M. O. McLinden, W. M. Haynes (National Institute
of Standards and Technology, NIST, USA), J. T. R.
Watson (National Engineering Laboratory, UK), and
K. Watanabe (Keio University, Japan), A Survey of
Current Worldwide Research on the Thermody-
namic Properties of Alternative Refrigerants, re-
port NISTIR 3969, National Institute of Standards
and Technology, Boulder, CO, June 1991 (84
pages, available from NTIS, RDB2262)

A survey of research on thermophysical proper-
ties of alternative refrigerants is presented in
tabular form. Research activities throughout the
world, concerned with either measurements or
correlations of properties, are summarized. The
fluids include R-22, R-23, R-32, R-123, R-123a,
R-124, R-125, R-134, R-134a, R-141b, R-142b, R-
143a, R-152a, E-134 (bis-difluoromethylether),
fluoroethers, and hydrofluoroethers along with
mixtures containing at least one of these. The
properties addressed are thermodynamic,
transport, phase equilibria, dielectric constant,
and refractive index. The report provides sum-
mary information about each research activity,
including the ranges of data, estimated accu-
racy, and references. The organizations and in-
vestigators involved as well as apparatus and
techniques employed are tabulated by country.
Neither actual property data nor correlating
equations are presented. The objectives were
to assist in coordination of research programs,
to expedite acquisition of required property
data, and to serve as a guide for planning future
research. The collaborative effort to compile
this information was undertaken under Annex
18, Thermophysical Properties of the Environ-
mentally Acceptable Refrigerants, of the Ad-
vanced Heat Pump Programme of the Interna-
tional Energy Agency.

K. Watanabe (Keio University, Japan), Current
Status of Thermophysical Properties Research
on CFC Alternatives, Proceedings of the 3rd In-
ternational Energy Agency Heat Pump Conference
(Tokyo, Japan, 12-15 March 1990) edited by T.
Saito and Y. Igarashi, Pergamon Press, Eimsford,
NY, pages 263-282, 1990 (22 pages, RDB0408)
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AFEAS

ARternative Fluorocarbons Environmental Ac-
ceptability Study, program description, AFEAS,
Washington, DC, April 1990 (4 pages, RDB1149)

AFEAS was Initiated in December 1988, as a
consortium of 12 chemical producers, to assess
the potential impacts of chiorofluorocarbon re-
frigerant alternatives on the environment. Re-
sults were presented at the United Nations Envi-
ronment Programme (UMEP) meeting in Nairobl
in August 1989, and were incorporated as an
appendix to the Scientific Assessment under the
Montreal Protocol on Substances that Deplete
the Ozone Layer. The study Is being expanded
to conduct further related research. This bro-
chure introduces AFEAS.

Alternative Fluorocarbons Environmental Ac-
ceptability Study (AFEAS) Summary Leaflets,
Alternative Fluorocarbons Environmental Accept-
ability Study, Washington, DC, 31 May 1990 (10
pages, RDB1150)

This series of five leaflets summarize key AFEAS
findings. They address Atmospheric Fluorocar-
bons and Stratospherfc Ozone, Breakdown
Products of Alternatives, UV-B Radiation Mea-
surements, Alternative Fluorocarbons and Glo-
bal Warming, and a Glossary of Terms.

ARI

G. C. Hourahan and D. S. Godwin (Air-Conditioning
and Refrigeration Institute), ARI's R-22 Alternative
Refrigerants Evaluation Program (AREP), Pro-
ceedings of the International CFC and Halon Alter-
natives Conference (Washington, DC), Alliance for
Responsible CFC Policy, Arington, VA, pages 55-
64, September 1992 (10 pages with 3 figures and 3
tables, available from JMC as RDB2906)

This paper summarizes a program to evaluate
candidate fluids to replace R-22, establish test
protocols to evaluate them, conduct the tests,
and present the results. The overall cbjective is
to perform a broad screening of alternative can-
didates, while eliminating unnecessary duplica-
tion of work and wasting of limited resources.
The paper outlines the AREP organization, in-
cluding its Task Force (chaired by D. M. Gold-
berg) and Technical Committee (chaired by E.
B. Muir); both their members and participating
international organizations are named. The
document reviews considerations for ten candi-
dates selected for initial examination from 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-
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717 (ammonia), R-32/R-125/R-290/R-134a
(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-
134a (45/50/5); the list notes changes in se-
lected blend compositions from earlier AREP
documents. The last two are of primary interest
as potential replacements for R-502. Proce-
dures and conditlons for compressor calorime-
ter and heat transfer test are outlined. The
Electric Power Research Institute (EPRI) is
funding the heat transfer segment. Planned

Page 113

and components will be coordinated and
shared. Appendices to this program haindbook
identify committee members, participation
commitments, international organizations con-
ducting similar research, and pertinent combi-
nations of refrigerants and heat exchanger
types. This handbook prescribes common ter-
minology and definitions to be used as well as
formats and contents to be provided for the
program.

drop-in tests, system simulations, and system
tests are outlined. Results of the work will be
disseminated through technical publications

ARI Research Plan, Air-Conditioning and Refriger-
ation Institute, Adington, VA, 10 March 1992 (58
pages, available from JMC as RDB0OCO1)

and through the Refrigerant Database. A Gantt
chart shows the schedule for introduction of R-
22 replacements. Additional figures indicate the
AREP testing plan and detail the heat transfer
testing protocol.

Participants’ Handbook: R-22 Alternative Re-
frigerants Evaluation Program (AREP), Air-Con-
ditioning and Refrigeration Institute (ARI), Ardington,
VA, 2 November 1992 (44 pages, available from
JMC as RDB2B03)

This plan documents research needs for air-
conditioning and refrigeration, with primary fo-
cus on refrigerants, energy conservation, and
building environment. It provides industry guid-
ance for public-sector research organizations
and sponsors. it also may be useful to individ-
ual companies in planning proprietary research
and development or cooperative programs. A
specific plan for materials compatibility and fu-
bricant research, the basis for the Air-Condi-

This document outlines an ARI program to eval-
uate candidate alternatives for R-22 and R-502,
the latter an azeotrope of R-22 and R-115, for
unitary air conditioners, heat pumps, chillers,
refrigeration equipment, and Ice-making ma-
chines. This cooperative program seeks to ac-
celerate introduction of alternatives by focusing
research efforts and avolding duplicative work.
The document outlines the AREP organization,
including its Task Force (chaired by D. M. Gold-
berg), Technical Committee (chaired by E. B.
Muir), and Heat Transfer Subcommittee. |t
identifies cooperating organization, including
the European Committee of Manufacturers of
Refrigeration Equipment (CECOMAF) and the
Electric Power Research Institute (EPRI). EPRI
is funding, coordinating, and managing the heat
transfer segment, an integral part of the pro-
gram. The document identifies the nomination
process and resultant candidate refrigerants,
which have changed since the prior version of
this document. They Include R-32/R-125
(60/40), R-32/R-134a (30/70), 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
(20/55/5/20), R-32<R-125/H-134a (30/10/60),
R-32/R-134a (25/75), R-32/R-227ea (35/65), R-
125/R-143a  (45/55), R-125/R-143a/R-134a
(44/52/4), and R-32/R-125/R-143a (10/45/45).
The last three are of primary interest as potential
replacements for R-502. Procedures and condi-
tions for compressor calorimeter and heat trans-
fer test are specified for participants. Resuits of
the work will be disseminated via the Refrigerant
Database. Related research on toxicity and en-
vironmental assessments of the candidate fluids

tioning and Refrigeration Technology Institute
(ART!) Materials Compatibility and Lubricant
Research (MCLR) Program, is included as an
appendix. A second appendix provides a series
of charts, to show the status of alternative re-
frigerants and projections for thelr commerci-
alization. The charts also list announced pro-
duction plants. Charts are included for R-32, R-
123, R-124, R-125, R-134a, R-142b, R-143a, R-
152a, and E-134. A third appendix provides
elaborations for selected research recommen-
dations including objectives, rationale, sug-
gested approaches, and estimated or recom-
mended budgets and time requirements. This
version updates and replaces those published
on 6 November 1989, 30 April 1990, 19 Decem-
ber 1990, and 25 September 1991.

ARTI

G. C. Hourahan and S. R. Szymurski, Materials
Compatibility and Lubricants Research on CFC-
Refrigerant Substitutes, report DOE/CE/23810-8,
Air-Conditioning and Refrigeration Technology In-
stitute (ARTI), Adington, VA, January 1993 (38
pages with 12 figures and 9 tables, available from
JMC as RDB3204)

This progress report summarizes the goals and
status of the Materials Compatibility and Lubri-
cant Research (MCLR) Program, jointly funded
under a grant from the Department of Energy
and cost sharing by the air-conditioning and re-
frigeration industry. The 36-month program
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supports critical research to accelerate Intro-
duction of substitutes for chlorofluorocarbon
(CFC) refrigerants. The report reviews projects
to measure thermophysical properties, model
the performance and key operating parameters
of 12 potential alternatives for R-22 and R-502,
test the chemical and thermal stability of refrig-
erant-lubricant mixtures with metals, and mea-
sure the miscibility of lubricants with refriger-
ants. It outlines projects to provide information
on the compatibility of refrigerants and lubri-
cants with motor materials, elastomers, and en-
gineering plastics. The report identifies the ob-
jectives and contractors for three new projects
to develop accelerated screening and test
methods to predict lubricant performance In
compressors, the life of motor materials ex-
posed to refrigerant-lubricant mixtures, and
chemical and thermal stability of refrigerant-lu-
bricant mixtures. Other prol'eycts introduced will
measure the viscosity, density, and solubility for
refrigerant blends in selected lubricants, electro-
hydrodynamic (EHD) enhancement of heat ex-
changers for alternative refrigerants, and the
compatibility of desiccants with refrigerants and
lubricants. An ongoing project to collect and
facilitate dissemination of data, through devel-
opment and administration of a refrigerant
database, Is cited. The scope of the program,
objectives of the Individual projects, and signifi-
cant interim findings are presented. This pro-
gram summary also identifles reports resulting
from the individual projects, including three final
reports on “Theoretical Evaluations of R-22 Al-
ternative Fluids," “Chemical and Thermal Stabil-
ity of Refrigerant-Lubricant Mixtures with Met-
als," and "Miscibility of Lubricants with Refriger-
ants." Eight figures summarize progress in
measuring thermophysical properties of R-32,
R-123, R-124, and R-125. Three figures provide
Daniel and density plots for R-12 and R-22 with
mineral oil and R-134a with penta erythritol ester
mixed acid. A table summarizes measured
elastomer swelling in refrigerants and lubricants.

G. C. Hourahan and S. R. Szymurski, Materials
Compatibility and Lubricants Ressarch on CFC-
Refrigerant Substitutes, report DOE/CE/23810-4,
Air-Conditioning and Refrigeration Technology in-
stitute (ART!), Adington, VA, October 1992 (16
pgges with 10 tables, avaflable from JMC as RDB-
2B02)

This progress report summarizes the goals and
status of the Materials Compatibility and Lubri-
cant Research (MCLR) Program, jointly funded
under a grant from the Department of Energy
and cost sharing by the air-conditioning and re-
frigeration industry. The 36-month program
supports critical research to accelerate intro-
duction of substitutes for chlorofluorocarbon
(CFC) refrigers~ts  The program comprises
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projects to measure thermophysical properties,
model the performance and key operating pa-
rameters of nine potentlal alternatives for R-22,
test the chemical and thermal stability of refrig-
erant-lubricant mixtures with metals, and mea-
sure the miscibility of lubricants with refriger-
ants. Three projects are providing information
on the compatibility of refrigerants and iubri-
cants with motor materlals, elastomers, and en-
gineering plastics. An eighth project collects
and facilitates dissemination of data through de-
velopment and administration of a refrigerant
database. The second phase of the project
commenced in October 1992 and will continue
through September 1994. The scope of the
program, objectives of the individual projects,
and significant interim findings are presented.
This program summary also identifies reports
resulting from the individual projects, including
three new final reports on “Theoretical Evalua-
tions of R-22 Alternative Fluids," "Chemical and
Thermal Stability of Refrigerant-Lubricant Mix-
tures with Metals,” and "Miscibility of Lubricants
with Refrigerants." Ten tables summarize the
miscibility of alternative refrigerants in seven
tested lubricants.

M. S. Menzer (Air-Conditioning and Refrigeration
Technology Institute, ART!), ARTI Preliminary Re-
sults of Materials Exposed to Refrigerants and
Lubricants, Proceedings of the 1992 International
Refrigeration Conferance — Energy Efficiency and
New Refrigerants, edited by D. R. Tree and J. E.
Braun, Purdue University, West Lafayetts, IN, vol-
ume 2, page 677, July 1992 (1 page, available from
JMC as RDB2812)

This synopsis introduces the Materials Com-
patibility and Lubricant Research (MCLR) Pro-
gram, an effort to investigate the properties and
compatibilities of alternative refrigerants. The
goal of this program is to accelerate commer-
cialization of chiorofiuorocarbon (CFC) and hy-
drochiorofluorocarbon (HCFC? substitutes in
air-conditioning and refrigeration applications.
The funding and program management are in-
dicated. Seven research projects exceeding
$1.2 million in total are identified for the first
phase. The program includes projects to mea-
sure thermodynamic and heat transport proper-
ties of refrigerants, test the chemical and ther-
mal stabllity of refrigerantlubricant mixtures
with metals, and measure the miscibility of re-
frigerants and lubricants. Three additional pro-
jects will provide information on the com-
patibility of refrigerants and lubricants with mo-
tor materials, elastomers, and engineering plas-
tics. The seventh project facilitates dissemina-
tion of data through development and adminis-
tration of a refrigerant database. The second
phase also is introduced. It includes projects to



Refrigerant Database

measure the solubility and viscosity of refriger-
antdubricant mixtures, their compatibility with
desiccants, and development of screening and
test methods. This summary serves as a pref-
ace for five presentations from the program.

S. R. Szymurski (Alr-Conditioning and Refrigeration
Technology Institute, ARTI), Materials Compatibil-
ity and Lubricant Research on CFC-Refrigerant
Substitutes — Research Update, Proceedings of
the International CFC and Halon Alternatives Con-
ference (Washington, DC) Alliance for Responsible
CFC Policy, Arington, VA, pages 73-82, September
1992 (10 pages, RDB2A03)

This paper provides an update on the goals and
status of the Materials Compatibility and Lubri-
cant Research (MCLR) Program, jointly funded
under a grant from the Department of Energy
and cost sharing by the air-conditioning and re-
frigeration industry. The program addresses
critical research to accelerate the introduction of
substitutes for chlorofluorocarbon (CFC) refrig-
erants. The program comprises projects to
measure thermophysical properties, test the
chemical and thermal stability of refrigerant-lu-
bricant mixtures with metals, and measure the
miscibility of lubricants with refrigerants. One
project is modelling the performance and key
operating parameters of alternatives for R-22.
Three projects will provide information on the
compatibility of refrigerants and lubricants with
motor materials, elastomers, and engineering
plastics. An eighth project collects and faclli-
tates dissemination of data through develop-
ment and administration of a refrigerant data-
basa. The scope of the program, objectives of
the projects, and significant preliminary findings
are presented.

S. R. Szymurski, Materials Compatibility and Lu-
bricants Research on CFC-Refrigerant Substi-
tutes, report DOE/CE/23810-3, Air-Conditioning
and Refrigeration Technology Institute (ARTI), Ar-
lington, VA, July 1992 (13 pages, available from
JMC as RDB2809)

This prg?ress report summarizes the goals and
status of the Materials Compatibility and Lubri-
cant Research (MCLR) Program, jointly funded
under a grant from the Department of Energy
and cost sharing by the air-conditioning and re-
frigeration Industry. The program addresses
critical research to accelerate the intrcduction of
substitutes for chlorofluorocarbon (CFC) refrig-
erants. The program comprises projects to
measure thermophysical properties, test the
chemical and thermal stability of refrigerant-iu-
bricant mixtures with metals, and measure the
miscibility of lubricants with refrigerants. One
project Is modelling the performance and key
operating parameters of alternatives for R-22.
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Three projects will provide information on the
compatibiiity of refrigerants and lubricants with
motor materials, elastomers, and engineering
plastics. An eighth project coilects and facili-
tates dissemination of data through develop-
ment and administration of a refrigerant
database. The scope of the program, objectives
of the projects, and significant preliminary find-
ings are presented. [see RDB2B02 for update}

S. R. Szymurski, Materials Compatibility and Lu-
bricants Research on CFC-Refrigerant Substi-
tutes, report DOE/CE/23810-1, Air-Conditioning
and Refrigeration Technology Institute (ARTI), Ar-
lington, VA, January 1992 (6 pages, available from
JMC as RDB2414)

This interim report summarizes the progress of
the Materials Compatibility and Lubricant Re-
search (MCLR) Program. It is jointly funded un-
der a grant from the Department of Energy and
cost sharing by the air-conditioning and re-
frigeration Industry. The program addresses
refrigerant and lubricant properties, materials
compatibility, and lubricants for alternative
refrigerants. The program comprises projects
to measure thermophysical properties, test the
chemical and thermal stability of refrigerant-u-
bricant mixtures with metals, and measure the
miscibility of lubricants with refrigerants. Three
projects will provide information on the com-
patibility of refrigerants and lubricants with mo-
tor materials, elastomers, and engineering plas-
tics. A seventh project will collect and facilitate
dissemination of data through development and
administration of a refrigerant database. The
scope of the program, objectives of the seven
initial projects, and highlights of the first quarter
are presented. 1ne primary effort focused on
solicitation, evaluation, and negotiation of pro-
posals for the cited projects. A grant proposal
for the second phase was completed and sub-
mitted to the DOE. [see RDB2809 and RDB-
2B02 for update)

Materials Compatibility and Lubricant Research
Presentation Slides, report DOE/CE/23810-9, Air-
Conditioning and Refrigeration Technology institute
(ARTH), Arington, VA, February 1993 (98 pages,
available from JMC as RDB3206)

This report contains prints of the charts used by
five researchers for a seminar on Materials
Compatibility and Lubricant Research as part of
the 1993 American Society of Heating, Refriger-
ating, and Air-Conditioning Engineers (ASHRAE)
Winter Meeting, held in Chicago in January
1993. This session was sponsored by ASHRAE
Technical Committees 3.2 (Refrigerant System
Chemistry), 3.3 (Contaminant Control in Refrig-
erating Systems), and 3.4 (Lubrication). The
presentations included were by D. F. Hutten-
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locher (Spauschus Assaclates, Incorporated) on
*Chemical and Thermal Stability of Refrigerant-
Lubricant Mixtures with Metals," S. C. Zoz (lowa
State University of Science and Technology) on
"Miscibility of Lubricants with Refrigerants,” G.
R. Hamed (The University of Akron) on “Compa-
tibility of Refrigerants and Lubricants with Elas-
tomers,” R. C. Cavestri (Imagination Resources,
Incorporated) on "Compatibility of Refrigerants
and Lubricants with Plastics,” and R. G. Doerr
(The Trane Company) on “Compatibility of Re-
frigerants and Lubricants with Motor Materials."
The research projects covered are funded by
ART! under a grant from the U.S. Department of
Energy. (Presentation slides are not reviewed
by ASHRAE except for commercialism; no en-
dorsement should be inferred.)
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Compressors.” Further projects will examine
‘Double-Walled Heat Exchangers for Class 2
Refrigerants,” "Heat and Mass Transfer Addi-
tives in Aqua-Ammonia Systems," “Impacts of
Lubricants on the Segregation of Non-
azeotropic Refrigerant Mixtures,” “Impacts of
Lubricants on the Segregation or Fractionation
of Refrigerant Mixtures.” "This plan summarizes
anticipated funding and procedures for imple-
menting the research identified; it replaces ver-
sions] published for preceding years [see RDB-
2426).

1992-1993 Research Plan, American Society of
Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE), Atlanta, GA, 1 January 1992 (25
pages, RDB2426)

ASHRAE

1993-1994 Research Plan, American Society of
Heating, Refrigerating, and Air-Conditioning Engl-
neers (ASHRAE), Atlanta, GA, 1 January 1993 (40
pages, RDB3118)

This list of prospective research subjects identi-
fies 238 proposed projects, 72 designated as
priority status. The projects are grouped into
nine project classifications, based on approved
funding guidelines. Projects relating to refriger-
ants fall in several of these categories, including
the highest priority topic, Environmentally-Safe
Materials (CFC, etc.). The research areas were
proposed by ASHRAE Technical Committees,
Task Groups, and other committees; they were
prioritized by ASHRAE's Research and Techni-
cal Committee. The highest priority group
(three stars) includes research of "Thermophysi-
cal Properties of Alternative Refrigerants.” The
next classification includes “Cascade Refrigera-
tion System to Replace CFC and HCFC Refrig-
erants Below -60 °F" [-51 °C). The one-star pri-
ority group Includes development of "A Uniform
Equation of State for Alternatives to CFC Refrig-
erants.” It also includes "Dispersion of Ammo-
nia Plumes in the Atmosphere® and research to
“Develop Solubility and Viscosity Data for Varl-
ous Oil-Refrigerant Mixtures at High Discharge
Temperatures and Pressures.” Among nonpri-
ority projects are those addressing “Mixtures of
Alternative Refrigerants and Lubricating Olls —
Properties and Effects on Heat Transfer,” "Deve-
lop Corrosion Data with Materials of Con-
struction and New Refrigerant-Lubricants at
Various Moisture Levels," "“Develop Refrigerant-

This list of prospective research subjects identi-
fles 182 high-priority projects, grouped into
eight project classifications based on approved
funding guidelines. Projects relating to refriger-
ants fall in several of these categories, including
the highest priority topic, Environmentally-Safe
Materials (CFC, etc.). The research areas were
proposed by ASHRAE Technical Committees,
Task Groups, and other committees; they were
prioritized by ASHRAE's Research and Techni-
cal Committee. The highest priority group
(three stars) includes research of thermophysi-
cal properties of R-123, R-125, R-134a, and R-
141b, as well as measurement of two-phase re-
frigerant liquid-vapor mass flow rates. The next
classification includes real-time determination of
the lubricant concentration dissolved in alterna-
tive refrigerants, evaluation of leak detection
methods for non-CFC refrigerants, and flow
regime mapping of R-134a/lubricant mixtures in
smooth and internally enhanced tubes. it also
includes experimental determination of heat
transfer with R-134a and R-22 refrigerants in
water-cooled condensers and direct-expansion
water coolers using brazed plate heat exchang-
ers. The one-star priority group Iincludes re-
search of alternatives to replace R-22 and R-
502, development of a uniform equation of state
for alternative refrigerants, and determination of
properties and heat transfer effects for mixtures
of alternative refrigerants and lubricants. Re-
search of ammonia (R-717) dispersion in the
atmosphere also Is included. This plan summa-
rizes anticipated funding and procedures for
implementing the research identified; it replaces
the versions published for preceding years.

Lubricant-Desiccant Moisture Equilibrium Data
with New HFC Refrigerants and Relevant Lubri-
cants,” and "Measurement of R-22 and Alterna-
tive Refrigerant Leakage Rates from Open-Shaft

DOE

Refrigeration Systems Program Summary, report
DOE/CH10093-120, U.S. Department of Energy
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(DOE), Washington, DC, December 1991 (24
pages, available from NTIS as GPO #573-
122/40020 at price code A03, RDB2263)

This document summarizes results, current ac-
tivities, and objectives of the U.S. Department of
Energy (DOE) for research of refrigerators, air
conditioners, heat pumps, chillers, and super-
market systems. Key activities inciude investi-
gation of alternative refrigerants and refrigera-
tion cycles, developing advanced technologies
for future air-conditioning and refrigeration
equipment designs, and developing advanced
insulation for appliances. The program struc-
ture and opportunitles for collaboration with in-
dustry are outlined.

EPA

W. R. Rhodes (U.S. Environmental Protection
Agency, EPA), Stratospheric Ozone Protection:
An EPA Engineering Perspective, Journal of the
Air and Waste Management Association, volume
41, number 12, pages 1579-1584, December 1991
6 pa)ges with 2 tables, available from JMC as RDB-
2707

JRAIA

S. Uemura (Dalkin Industries, Limited, Japan), Ba-
sic Requirements and Future Solutions of Air-
Conditioning Units with aiternative Refrigerants
- 1, paper 5.2, Proceedings of the International
Seminar on New Technology of Alternative Refrig-
erants — Lubricants and Materials Compatibility
(Tokyo, February 1983), Japanese Association of
Refrigeration (JAR), Tokyo, Japan, pages 89-94,
February 1993 (6 pages with 9 figures and 6 tables,
RDB3317)

H. Wakabayashl (Matsushita Electric Industrial
Company, Limited, Japan), Basic Requirements
and Future Solutions of Air-Conditioning Units
with aiternative Refrigerants — 2, paper 5.3, Pro-
ceedings of the International Seminar on New
Technology of Alternative Refrigerants — Lubri-
cants and Materials Compatibility (Tokyo, February
1983), Japanese Association of Refrigeration (JAR),
Tokyo, Japan, pages 95-100, February 1993 (6
pages with 6 figures and 4 tables, RDB3318)
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PAFT

Program for Alternative Fluorocarbon Toxicity
Testing, program description, PAFT, Bristol, United
Kingdom, May 1990 (4 pages, RDB1151)

MISCELLANEOUS DOCUMENTS

T. Atwood (AllledSignal Incorporated), The Need
for Standardized Nomenclature for Refrigerants,
ASHRAE Journal, American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers (ASH-
RAE), Atlanta, GA, volume 31, number 11, pages
44-47;, November 1989 (3 pages with 1 tabie, RDB-
0545

V. D. Baxter, Report of Foreign Travel: 9-11 May
1990 [Application of Zeotropic Mixture Refrigerants
in Refrigerators and Use of the Lee-Kesler-Plécker
Equation of State], ORNL/FTR-3611, Oak Ridge
Natlonal Laboratory, Oak Ridge, TN, 14 May 1990
(20 pages, RDB1153)

This Informal report summarizes the final work-
ing meeting of the International Energy Agency
(IEA) research project on State and Transport
Properties of High-Temperature Working Fluids
and Nonazeotropic Mixtures (Annex Xill). It also
addresses research at the Universitat Hannover,
funded by the U.S. Environmental Protection
Agency (EPA), on application of refrigerant
blends in refrigerators and separate work to use
the Lee-Kesler-Pldcker equation of state to pre-
dict refrigerant properties.

J. M. Calm (Engineering Consultant), Refrigerant
Databsase, report DOE/CE/23810-11D, Air-Condi-
tioning and Refrigeration Technology Institute
(ARTI), Arington, VA, April 1993 (126 pages, avail-
able from JMC as RDB3459)

This document provides bibliographic citations
for 692 publications that may be useful in re-
search, design, and application of air-condi-
tioning and refrigeration equipment. Synopses
of the content, materials addressed, and key
conclusions are provided for approximately half
of these documents. 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-600
(butane), R-600a (isobutane), R-717 (ammonia),
ethers, and others as well as azeotropic and
zeotropic blends of these fluids. It addresses
mineral oil, alkylbenzene, polyalkylene glycol
(PAG), polyol ester, and other lubricants. It also
references documents on compatibility of re-

please see pages 5-8 for ordering information
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frigerants and lubricants with metals, plastics,
elastomers, motor insulation, and other materi-
als used In refrigerant circuits. The database Is
available in both a computerized version and as
a listing in report form. The computerized ver-
sion includes the same citations and abstracts
as the report version plus 22 additional citations,
for superseded and historical documents, and
data summaries for 90 Individual refrigerants
and blends. [t is accompanied by retrieval soft-
ware to facilitate searches for specific informa-
tion; the software enables searches for user-se-
lected terms, or combinations of terms. It offers
several automated features to simplity searches
including optional prompting by search cate-
gory, an automated “thesaurus® of synonyms
and related terms, chain searches to broaden or
narrow prior searches, and a “wildcard® capabil-
ity to allow entry of word segments. The soft-
ware also enables printing of selected citations,
abstracts, and refrigerant summaries as well as
preparation of a document order lists. Both ver-
sions of the database include instructions to
obtain cited documents or subscriptions for up-
dates to the database. Whereas prior releases
of the database have focused primarily on the
information needs of manufacturers and re-
searchers, attention is being increased to the
requirements of refrigerant users, beginning
with this release.

J. M. Caim (Engineering Consultant), Refrigerant
Database, Proceedings of the international CFC
and Halon Alternatives Conference (Washington,
DC). Alliance for Responsible CFC Policy, Ading-
ton, VA, pages 55-72, September 1992 (8 pages
with 4 figures, avallable from JMC as RDB2907)

This paper reviews the history of the Refrigerant
Database, including initial efforts by the Air-
Conditioning and Refrigeration Institute (ARI)
and National Institute of Standards and Tech-
nology (NIST). The database currently is spon-
sored by the Air-Conditioning and Refrigeration
Technology Institute (ART1), as part of the Mate-
rials Compatibility and Lubricant Research
(MCLR) Program, under a gram from the U.S.
Department of Energy (DOE). The paper out-
lines the contents and focus of the database,
and describes the search and retrigval functions
available in a computerized version. Sample
searches are Hlustrated along with the resuits
obtained. Options to specify search terms are
summarized; they include topical prompts,
combinations of search criterla (using Boolean
logical operators), and chained searches to re-
fine or broaden earller searches. The proce-
dures to obtain the database and documents
clited by it are indicated.

J. M. Calm (Air-Conditioning and Refrigeration In-
stitute, ARI), Composition Designations for Re-
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frigerants, ASHRAE Journal, American Soclety of
Heating, Refrigerating, and Air-Conditioning Eng-
neers (ASHRAE), Atlanta, GA, volume 31, number
11, pages 48-51, November 1989 (3 pages, avai-
able from JMC as RDB0546)

This paper provides recommendations for con-
sistent use of prefixes for refrigerant designa-
tions. The need for uniform nomenciature and a
survey, performed for the Technology Council
and the Research and Technical Committee
(R&T) of the American Society of Heating, Re-
frigerating, and Air-Conditioning Engineers
(ASHRAE), are summarized. The requirement
surfaced with increasing regulatory and legisla-
tive actions to limit production, use, and emis-
slon of refrigerants of environmental concern. A
varlety of composition-designating Identiflers
were introduced to distinguish between refriqar-
ants, but nonuniform usage resulted In confu-
sion rather than clarification. [The recommen-
dations of this paper were incorporated into
ASHRAE Standard 34-1992, see RDB2909] -

E. Johnson and J. Noble, A Survey of Alternatives
to Ozone-Destroying Technologies, Greenpeace
international, Washington,- DC, June 1990 (35
pages, RDB1154)

This report Is a survay of innovations old and
new that could provide the goods and services
currently dependsiii on ozone-destroying
chemicals. It Is represented as an attempt to
show the range of technologies that could be
used as replacements without adverse impact
on the ozone layer. The survey notes that the
HCFC and HFC alternatives have not been
proven to be harmless to the ozone layer, but
are greenhouse gases and have serious toxicity
problems.

P. I. Rothfleisch and D. A. Didion (National institute
of Standards and Technology, NIST), A Perfor-
mance Evaluation of a Variable S , Mixed
Refrigerant Heat Pump, report NISTIR 4597, Na-
tional Institute of Standards and Technology,
Gaithersburg, MD, June 1991 (64 pages with 10
figures and 7 tables, available from NTIS at price
code A04, RDB3337)

This report evaluates the performance of an in-
novative heat pump, equipped with a distfilation
column to shift the composition of a zeotropic
refrigerant mixture. This product was commer-
clalized in Japan on a limited basis, but has
since been withdrawn. The contrasts
loads to equipment capacity and shows the
composition shifting strategy schematically. It
outlines equilibrium (or flash) and continuous
rectification approaches for distillation. It re-
views prior work in the area and describes the
test model, which uses a blend of 20% R-13B1
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and 80% R-22 by weight. Measured perfor-
rmance at standard rating conditions and sea-
sonal energy calculations are summaiized for
both the heating and cooiing modes. No com-
position shifting was observed in the tests.
Simulgtions using an ideal-cycle model are de-
scribed to demonstrate the potential value of
composition control. While heating seasonal
performance qains were found to be small,
avoidance of auyiliary heat requirements were
substantial. Cooling performance is indicated to
be appruximately 2% lowar with R-13B1/22
(20/80) blend than with R-22 alone.

i. Ushimaru (Energy International, Incorporated),
Inxpact of CFC Curtsllment on Refrigeration and
Mitigation Research in Japan, CFCs: Today's
Options — Tomorrow's Solutions (proceedings of
ASHRAE's 1989 CFC Technology Conference,
Gaithersburg, MD, 27-28 September 1983), Ameri-
can Society of Heating, Refrigerating, and Air-Con-
ditioning Engineers (ASHRAE), Atlanta, GA, pages
107-117, 1990, republished in International Journal
~f Refrigeration, Paris, France, volume 13, number
3, pages 131-141, March 1990 (10 peges with 10
figures and 2 tabies, R0'B1205)

This paper focuses on efforts in Japan to de-
vedop technical optlons for reducing CFC emis-
sions. Aiternative refrigerants for R-12 (used in
automobile air-conditioners and residential re-
frigerators) and R-113 (used extensively as a
solvent and cleaning agent) are presented. CFC
mitigation cptions are discussed for control
technologies, work practices and economics,
chemical substitutes, and product substitutes.
Japan's usage profile and historical background
on its environmental responsiveness are ad-
dressed. The article notes that R-113 recovery
and recycling equipment are aiready marketed
in Japan and that the demand for this equip-
ment is projected to grow to $15 billion by 1998.
Additionally, leading Japanese chemical pro-
ducers are moving forward with plans for the
production of R-134a as a substitute for R-12.

Assignment of Refrigerant Container Colors, ARI
Guideline N-1992, Air-Conditioning and Refriger-
ation Institute (ARI), Adington, VA, 1992 (8 pages,
with 1 tabies, avallabie from ARI for $15.00, RDB-
3101)

This guideline sets color standarc's for contain-
ers for existing, new, and reclaimed refrigerants.
It further provides a means by which ARI can
assign colors as new refrigerants are intro-
duced, and maintains a record of those as-
signed and available. Thre guldeline also rec-
ommends a container color (light green grey)
for refrigerants that are not produced in suffi-
cient quantities to qualify for individual colors.
While color coding is not intended as a substi-
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tute for reading cylinder labels and markings,
the guideline facilitates distinction among refrig-
erant containeis by content. Four groups are
identified, namely those for liquids at 20 °C (68
°F) normally packaged in drums, low-pressure
fluids, high pressure fluids, and lammable (red
band) refrigerants or mixtures. A table summa-
rizes color assignments and corresponding
color matching data. Refrigrrants with assigned
colors include R-11 (orange), R-12 (white), R-13
(light blue, sky), R-13B1 (pinkish-red, coral), R-
14 (yellow-brown, mustard), R-22 (light green),
R-23 (light blue grey), R-113 (dark purple, vio-
let), R-114 (dark blue, navy), R-116 (dark grey,
battleship), R-123 light blue grey), R-134a (light
blue, sky), R-500 (yellow), R-502 (light purple,
lavender), and R-503 (blue-green, aqua).

JICOP Guide, Japan Industrial Conference for
Ozone Layer Protection, Tokyo, Japan, January
1991 (8 pages, availabla from JMC as RDB1204)

JICOP was formed in 1988 as the Promotion
Conference for Rational Use of Specified CFCs
and renamed in June 1990. It is an organization
of Industrial producers and consumers ad-
dressing ozone-ayer protection in Japan. Its
main activities Include pubilicity, informailon
sharing, surveys of actions by other countries,
preparation of guides, and training. This leaflet
introduces the organization and lists the 55 cur-
rent members. Included are the Japan Associa-
tion of Refrigeration, Japan Association of Re-
frigeration and Air-Conditioning Contractors,
Japan Flon Gas Association, and Japan Refrig-
eration and Air-Conditioning Industry Associa-
tion.

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

This manual outlines technologies for reduiction
and substitution of chlorofiuorocarbons (CFCs)
and other ozone-depletlng substances (ODSs).
It Is intended to assist ODS users to develop the
most effective measures for each application.
Section 1.4 addresses leak prevention and use
reduction for refrigerants as well as research
and development of substitute refrigerants and
technologies to use them. It briefly summarizes
reduction measures for centrifugal chillers,
automobile air conditioners, commercial refrig-
eration. transport refrigeration, and refrigerators.
Other sections of this document review regula-
tory measures for refrigerants, toxicity and
satety evaluation of alternatives, and the physi-
cal properties of ODSs and their alternatives.

please see pages 5-8 for ordering infcrmation
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Specifications for Fluorocarbon Refrigerants,
ARl Standard 700-1988, Air-Conditioning and
Refrigeration Institute (ARI), Arington, VA, 1988 (12
pages with two tables and 1 appendix, available
from ARI for $12.50, RDB3103)

The intent of this standard is to define a level of
quality for new, reclaimed, and/or repackaged
refrigerants for use in new and existing refriger-
ation and air-conditioning products. Specified
contaminant levels were chosen to be within the
sensitivity of recommended test methods, to be
economically achlevable, and to provide satis-
factory performance. The standard does not
apply where refrigerant captured from a partic-
ular system is returned on site to the same sys-
tem. It defines and classifies contaminants
based on standard test methods. It also speci-
fies acceptable purity requirements for various
fluorocarbon refrigerants, regardless of source.
These refrigerants Inciude R-11, R-12, R-13, R-
22, R-113, R-114, R-500, R-502, and R-503. It
addresses the boiling point and range as well as
allowable content of vapor-ohase contaminants,
and water, chloride ion, acidity, high-boiling
residues, particulates and s»lids, and other re-
frigerants. It identifles acc.'pted industry test
procedures for these determit ations.
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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 sup-
porting the MCLR program constitutes 93.67% of allowable costs. Funding
from nongovernment sources supporting this program consists of direct
cost sharing of 6.33% of allowable costs and in-kind contributions from the
air-conditioning and refrigeration industry. Funding for the Refrigerant
Database constitutes less than 2% of the total and is supplemented by in-
kind cost sharing by James M. Calm, Engineering Consultant. Support of
the MCLR Program by the U.S. Department of Energy and the air-condition-
ing and refrigeration industry does not constitute an endorsement of the
views expressed herein.









