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EXPERIMENTAL PERFORMANCE OF OZONE-
SAFE ALTERNATIVE REFRIGERANTS

J.R. Sand, Ph.D.

ABSTRACT

Several compounds proposed as near-term or longer range
substitutes for the regulated chioroffuorocarbon (CFC) refrig-
arants were tested in a breadboard vapor-compression circuit,
and their performance was evaluated refative to mare com-
monly used refrigerants. The limited physical property informa-
tion available in the terature for these alternative compournds
was used (o fit an equation of stale so coefficients of perfor-
mance (COP) end capacities calculated from refrigerant
property subroutines could be compared to those obtained
axparimentally.

Comparisons of measured and modeled performance are
given for 71 alternatives and for R22, R12, and R114, Estimates
of compressor efficiency with each refrigerant are provided.
Several of the alternatives exhibited better performance than
the more widely used refrigerants at some or all of the condl-
tions tested. Ozone-safe, alternative refrigerants that per-
formed betfer than CFC counterparts at selected conditions
are A152a, R143a, R134a, R134, and R142b.

INTRODUCTION

Restrictions on the production of chlorine-containing, fully
halogenated refrigerants and the likaly prospect that these
restrictions will become more limiting have prompted a
search for environmentally acceptable alternatives. Many
early substitute compounds were identified by similaritles in
normal boiling points and corresponding, saturated vapor
pressure characteristics.

Additional concern about warming of the global environ-
meant through the “greenhouse effect” has necessitated
selection of compounds with shorter atmospheric lifetimes
and higher energy efficiencies as substitute refrigerants for
heating, air-conditioning, and refrigerating equipment.

Several ozone-sale alternatives for chlorofiuorocarbons
(CFCs) were |dentified as potential components for a
nonazeotropic refrigerant mixture (NARM) to be used for heat
pump applications (Vineyard et al. 1989). The CFC refriger-
ants and HFC (hydrofluorocarbon: hydrogen-containing
fluorocarbans), HéFG (hydrochlorofiuorocarbon: alkylha-
lides with substituted hydrogen, chlorine, &nd fluorine), and
FC (fuoracarban: fully Nluorinated compounds) alternatives
are listed in Table 1. Refrigerants R32, R125, R143a, R134a,
R152a, R134, A124, R142b, and R143 wera identified as the
maost attractive alternative candidates. Performance data are
available for some of these compounds (ASHRAE 1985), but
the open literalure does not contain & concise comparison of
modeled and experimentally measured data because af
insufficient physical property information and because the
materials are not generally avallable for system testing. Sam-
ple quantities were obtained from chemical producers and
specialty chemical supply houses. These were experimen-
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tally tested in a breadboard refrigeration test loop at operating

conditions typical of a residential heat pump.

TEST FACILITY

A schematic diagram of the alternative refrigerants cal
meter (ARC) test rig is shown in Figure 1. The refrigerant
cult contains the following major components:

Compressor

—Hermetic/reciprocating

—1,247 in.® (00204 L) displacement
—11,000 Btu/h (3224 W) rated for R22 at
—130°F (54.4°C) condensing temperature
—45°F (7.2°C) evaporating temperature
—85°F (35°C) ambient temperature
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Figure 1 Schematic diagram of the alternative refrigerants
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TABLE 1
CFC Refrigerants and Alternatives

- CFC Refrigeranis CFC Alternatives
Name Formula NBP°F (°C)* ODP® GWP® Name Formula NBP*F ("C)" ODP® GWP®
R113 ﬂFﬂi:CF:CI 118 (48) 0.9 1.4 —_— CCE;.FGH %0 IEE:I 0.08 0.00
1 F 76 (2 1.0 0 M ) A .
il CCla Lo R1231123a  CsMCl g1(z7) 002 002
R143 CHF,CH,F a1 {5 0 -
ACa3t8 CF ,GFCF;CF; 21 (=5) 0 aa
R142b GCIF,CH, 16(-9) 006 039
i14 4 B8 .
s COIFIECHFy ®(4) 08 35 gip CHCIFCF, 10(-12) 002 0.0
A134 CHFCHF, —4(-20) O -
s i R A A152a CHF;CH; -13(-28 0 003
2Fe i d 1 R134a CFCH,F _17(-27) 0 030
RE00 GGl F3/CHF,CHy _27(-33) <0B <24 o OF JCF 5CFs _as@n o ==
A115 CCIF5CF4 _sa(-38) 05 76 R2 CHCIF; _42(-41) 005 035
R143a CF3CH, —54(-48) 0 075
A128 CF4CHF; _54(-48) 0 080
Rs02 CHCIF3/CCIF,CF4 -48(-45) <03 <41 pgas CHyFs _82(-52) o i
A23 CHF, -116(-82) O -

a. MNormal bolling point
b. Ozone depletion polent
¢. Giobal warming potentia

Condenser and Evaporator

—Coaxial, tube-in-tube, turbulators on refrigerant side
—10 fi (3 m) total tube length

—Counterflow arrangement

—1.0in. (25.4 mm) O.D. refrigerant tube

—0.56 in. (14 mm) O.D. water tube

—15,000 Btu/h (4395 W) nominal rating

Expansion Valves
—needla valve type
—micrometer handle

Instrumentation

Temperatures, pressures, and fiow rates were measured
at critical locations in the system. In the refrigerant circuit,
temperatures were measured at the inlet and outlet of the
four major components: the compressor, condenser, expan-
sion valve, and evaporator, Refrigerant pressures ware
measured between each of these major compenents. A cori-
olis mass flow meter was used at the condenser exit to moni-
tor liquid refrigerant flow rate. Comprassor alactrical power
was measured using a watt transducer.

In the secondary liquid circuits (water or water-glycol, as
mppropriate), temperalures were measured at the inlet and
outlet of the evaperator and condenser. Rotameters {a total
of three) were used to monitor secondary liquid flow rates.
Figure 1 shows the locations of all sensors. All control valves
and the expansion valve were manually operated.

Data Acquisition System

The data acquisition system consisted of a desktop com-
puter, digital voitmeter, multiprogrammaer, multiprogrammer
interface, digital clock, printer, and scanner. Voltage signals
were read from the instrumentation ty the digital voltmeter.
The multiprogrammer was the master control unit for Input/
output cards. Bidirectional communication between the mul-
tiprogrammer and the computer was performed through a
multiprogrammer nterface. The scanner was a channal
ﬁalﬂﬂm that housed input connectors for analog trans-

ucars.

REFRIGERANTS

Whenever possible, refrigerant samples used for the test
program were obtained from commercial refrigerant manu-
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tacturers. Where this was not possible, small (4-to 5-lb [2.25
kg]) samples were ordered from a specialty chamical supply
house.

Fiuids obtained from specialty houses are much more
expensive and may contain two orders of magnitude mare
impurities than refrigerants available through refrigaration
supply stores. Small levels of impurities would be a much
more important consideration it these fluids were to be used
for pracise thermodynamic or thermophysical property
measurements, material comparability evaluations, or toxic-
ity testing. Compounds obtained in this manner were
charged into the test rig through a new filter dryercoretohelp
remove acidic impurities and excess moisture that would be
detrimental to the hermetic refrigerant circuit.

TEST PROCEDURES

Operating conditions simulating the Department of
's 17°F/47*F (-8.3°C/8.3°C) heating and 82°F/95 °F
(28°C/ 35°C) cooling heal pump rating conditions were
chosen 1o evaluate these alternative fluids (Vineyard et al,
1989). Entering temperatures for the secondary heat transter
liquids were adjusted to give discharge and suction satura-
tion pressures with A22 equivalent to those measured by
Miller (1982) for an R22 air-source system. Liquid-refrigarant
heat exchangers were used on the breadboard rig to main-
tain better temperature control and 1o permit more precise
measurement of condenser and evaporator heat transfar
loads. Temperature differences across the inlet and outlet for
ihe sink and source fluids were chosen to be reprasentative
of typical air-side temperature differences for air-source heal
pumps. Secondary fluld operating conditions for alternative
refrigerant testing are summarized in Table 2.

System tests ware performed with R22 to establish secorn-
dary fluid entering temperatures. Additional runs were per-
formed with R12 and R114 to provide reference data for
known refrigerants.

The micrometer expansion valve settings and system
charge were adjusted to obtain 1 -2°F (0.5-1.0°C) superheal
out of the evaporator and 4-8°F (2-4°C) refrigerant subcool-
ing out of the condenser. Conditions of low system superheal
and subcooling were verified by checking saturated rafriger-
ant property tables when these were available. When reliable
refrigerant property data ware not published, the system
expansion valve and charge size were controlied to sustain



TABLE 2
Operating Conditions for Alternative Refrigerant Testing
Alternative Refrigerants Calorimeter
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saturated refrigerant gas at the evaporator exit sight glass
and saturated refrigerant liquid at the condenser exit sight
glass. This was fairly easy to do if rough estimates of the satu-
rated vapor pressure could be made from the normal boiling
point of a compound.

DATA ANALYSIS

System performance values were obtained by measuring
the velumetric fiow rate and the inlet and outiet temperatures
of secondary heat transfer liquids through the evaporator and
condenser. Experimental heating and cooling COPs were
calculated by

(MC AT,

COPH, = (1)

om

T
copR, = HCADe. "
[}

where

COPH, = experimentally measured heating COP
COPR, = experimentally measured cooling COP
L = mass flow rate of the secondary fluid

CF = specific heat of the secondary fluid

AT = temperature differance across the heat
exchanger

P = COMPressor powear

cr = condenser

ev = gvaporator

Modeled COPs were obtained through refrigerant property
data available in the literature, Accessible prnparg data were
used to estimate Carnahan-Starling-DeSantis (CSD) equa-
tien of state coefficients (Morrison 1986). Enthalpy changes
of the refrigerant across the appropriate heat exchanger were
calculated from measured temperatures and pressures using
the CSD refrigerant property routines. Modaled COP values
were then calculated by

Ak, m,

COPH,, = (3
Ah, m,
COPR,, = ————— (4)
Py

where

COPH,, = modeled heating coefficient of performance
COPR,, = modeled cooling coefficient of performance
ah, = refrigerant enthalpy change across condenser
Ah,, = refrigarant enthalpy change across evaporator

TABLE 3
Comparable Refrigerant Performance: Experimental Results
(at ARI 17°F Heat Pump Rating Condition)

COMPRESSOR EVAPORATING CONDENSING COMPRESSION  NETHEATNG  REFRGERANT  COEFFIGIENT
BUCTION PRESSURE PRESSURE AATIO EFFECT CRCULATED oF

TEMPERATURE (e} () By} iy W) PERFOAMANCE

[ (HEATING)

R 141 nr g 297 1241 @ 0459 @) 238
fizs 127 Ba7 47T PET sas @ 100 @ 2.40
Ri43a 140 o) a4 1 704 @ o720 @ 2.48
22 1" s 1831 197 psa M osa7 @ 248
n218 187 F ) 1480.0 190 s @ 156 @ 203
iz 142 ne 114 284 738 @ am @ 232
Ridda 17.8 mz 1128 422 sy B oot & 230
Rtsos 185 7 1001 ain 1258 P o419 @ 238
R134 178 28 pe.s 338 sy P oe01 & 223
A4z 18.5 157 552 a8 1oen N sz P 225
R114 240 11.87 07 an8 1me @ mm 150
R143 204 0o 39,0 450 1229 @ oass ¥ 17T

1] ROUGHLY 110 F EVAPORATION AND B8aF CONDENSATION
Fl MEASURED REFRIGERANT FLOW RATE
P) REFFIGERANT FLOW RATE CALCLLATED FROM EQUATION OF STATE
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TABLE 3A

Comparable Refrigerant Performance: Experimental Results
(At ARI ~8.3°C Heat Pump Rating Condition)"

COMPRESSOR EVAPCRATING COMDENSING COMPRESSION  NETMEATING  REFRIGERANT  COEFFICIENT
SUCTION PRESSURE PAESSURE RATIO EFFECT CIRCULATED OF

TEMPERATURE (i) (Pa) fedg) {nfeiow) PERFOAMANCE

("G} {HEATING]

R 99 s 2148 agr 285 ¥ an @ 238
fi2s 402 448 1708 at 13208 758 B 240
At43a 180 418 1840 a8 182.0% s4p @ 248
Rzz 12 w7 1262 397 22207 am ¥ 248
218 a5 194 1027 290 ses @ 180 @ 20
A2 a8 220 68 384 1720 sm @ 232
1™ &0 201 783 42 2200 asa B 230
RS2 48 207 07 an aeo @ an @ 238
R34 40 157 o8 239 2200 © as @ 223
R142b T5 108 280 a8 2420 - 413 » 2
A4 44 20 2 a4 P 4 @ 158
A4 £ & 208 458 a0 @ EV 11

(1] ROUGHLY -11.7C EVAPORATION AND 300 C CONDENSATION

{7 MEASURED REFRIGERANT FLOW RATE

M REFRIGERANT FLOW RATE CALCULATED FROM EQUATION OF STATE
i, = measured refrigerant mass flow rate

r

B =cCcOmpressor power

All of these COP results are alfected by the efficiency of the
compressor used in the test loop. Compressor isentropic effi-

ciancy for each refrigerant was calculated as follows:
i, Ak,

P (5)

w-

where

y, ~=Ccompressor isentropic efficiency

m, =measurad refrigerant mass flow rate

Ah, =isentropic enthalpy rise across compressor calcu-
lated by refrigerant property routines

P.. = COmpressor power

RESULTS

Tables 3 through & summarize experimentally measured
temperatures and pressures in the lest loop, experimental
compression ratios, net heating or cooling effects, refrigerant
mass flow rates needed 1o achieve a stated amount of heating
or cooling, and COPs computed as indicated in Equations 1
and 2. These tables are similar in format to those indicating
comparative refrigerant performance in Chapter 16 of
ASHRAE Fundamentals (ASHRAE 1985).

Compression ratio values are calculated from actual com-
pressor suction and discharge pressures, so they may not
correlate with the ratio of condensing and evaporating pres-
sures. Net refrigerant heating and cooling eftects in Tables 3
through 6 are calculated by dividing measured or calculated
rafrigerant mass flow rates into the heat transferred by the
condenser or evaporator secondary fluid, respectively.

Table 3 contains no data for R124 and RC318 because
different evaporator inlet conditions were used for the 17°F

{-B.3°C) runs with these two refrigerants and performance
comparisons would be inappropriate. Tables 5 and & contain
no experimental data for R32, R125, and R143a because
these refrigerants produce excessively high condensing
pressures under operating conditions summarized in these
tables.

A comparison between “experimental” COPs calculated
by Equation 1 or 2and “modeled" COPs calculated by Equa-
tion 3 or 4 is shown in Table 7. COPH and COPR refer to heal-
ing and cooling COPs calculated from condenser or
evaporator data, respectively. The original intent of this com-
parison was to check on the validity of CSD equation-of-state
coefficients calculated from sketchy physical property dala.
Large discrepancies between experimental and modeled
values for alternative refrigerants (such as the 85°F cocling
condition for R134a) can be attributed to poor estimates for
the equation-of-state coefficients.

Differences between the modeled and experimental values
for the more common refrigerants such as R22, R12, and
R114, which have more rellable CSD coefficients, are proba-
bly due to inaccuracies in the refrigerant mass flow rale
measurements. Small variations in refrigerant flow rate have
a relatively large effect on the latent heat contibution to this
calculation, and the meter used for these measurements was
particularly difficult to zero with each new fluid. The experi-
mental values in Table 7 are considered more reliable.

Tabla 8 lists the isentroplc compressor efficiencies calcu-
lated for alternative and known refrigerants in these systam
property data. Uncertainties and inaccuracies discussed
above contribute to the scatter seen in these points, bul they
are presented here to give an indication of relative compres-
sor efficiencies for each fluid.

DISCUSSION

Many of the compounds selected for this study do not pos-
sess all of the attributes desirable for an ideal refrigeration



TABLE 4
Comparable Refrigerant Performance: Experimental Results
(at ARI 47°F Heat Pump Rating Condition)!"

COMPRESSOR EVAPORATING CONDENSING COMPRESSION  NETHEATING  REFRIGERANT  COEFFIGENT
SUCTION PRESSURE PRESSURE RATIO EFFECT CRCULATED oF

TEMPEAATURE (pada) {pmiaj Bt (et} PERFORMANCE

°F it

— 28 109.0 3485 am 1258 oas2 @ 278
A125 a7 w2 2793 3z s04 @ 113 @ 272
Aldda s st 2520 a1s na @ owe @ 200
n22 220 733 703 am so O o © a7
R218 95 60.1 106.0 218 s @ 15 @ 267
A1z 2 ars 1248 288 gag @ o.888 @ 204
Ai34a 29 457 1338 a1s TR s @ a8
Ai52n 04 412 1174 272 1aza @ oam @ 340
EY a7 Ha sag ae gy ost1 @ a1s
A4 e EaR 721 343 [ =B ) mim 218
Atd2h 473 24 615 17 1045 s 0544 - 2.58
RC318 52 770 570 250 sug @ osm @ 1.76
R114 M 140 %63 200 705 @ o.res @ 1.89
A4 367 w7 ar azs 1208 o.ad2 @ 234

1) ROLGHLY 29°F EVAPORATION AND S4%F CONDENSATION
Z MEASURED REFRIGERANT FLOW RATE
& REFRIGERANT FLOW RATE CALCULATED FROM EQUATION OF STATE

fluid (nonflammability, low gresnhouse potantial, sftc.).
However, combinations of them may be blended together 1o
form azeolropes, near azeotropes, or NARMSs that match the
intended application. An undesirable characteristic of one
companent in a mixture may be overcome by sensible selec-
tion of the other constituents. NARMSs also offer the potential
of improved thermodynamic cycle efficiencies.

R218 (parflucropropana) and RC318 (perfluorocyclobu-
tane) have been proposed as chlorine-free alternativas for
R22 and R114, respectively, based on the proximity of their
normal bailing points (see Table 1). The relatively poor per-
formance measured for both of these fully fluorinated
molecules s consistent with the concept that larger mole-
cules have more degrees of internal vibrational freedam that
result in larger volumetric heat capacities and higher system
throttling losses in simple vapor compression systems. Also,
less polarizable molecules, such as those that are fully fluori-
nated, have smaller inler-molecular forces that reduce the
latent heat of vaporization and their net refrigerating (or heat-
ing) efficiencies (Eiseman 1968; Downing 1988). This fully
fluarinated structure also favors long atmospheric lifetimes,
which increases their greenhouse potential compared 1o
other allernative refrigerants.

For A134 and R143, estimates of saturated vapor pressures
neaded lo set up experimental runs and calculate CSD
eguation-of-state coefficients were estimated from their nor-
mal boiling points. Log-pressure vs. reciprocal-tamperature
straight-line plots were constructed that passed through the
boiling paints for A134 and A143 at atmospheric pressure and
ran parallel to plotted vapor pressure data for their structural
isomars, R134a and A143a, respectively.

The SUPERTRAFP® properties estimation program
{MeLinden 1988), which is available through the Oifice of
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Standards and Reference Data at the National Institute of
Standards and Technology (NIST, formerly NBS), was later
used to supplement data generated for R143 |t remains to be
sean how accurate these initial estimates are.

Results for R134 and R143 in Tables 3 through & support
some of the favorable performance predictions made by
Hodgett during the CFC forum at the 1888 IR Conlerence at
a US. university (Kuijpers et al. 1989). The R143 sample
tested gave better COPs than R114 al every test condition.
However, definitive comparisons between these two refrig-
erants are not possible here because of the purity of the R143
sample. Gas nhrnrnaig?raphin analysis indicated that it con-
tained 10 to 15 vol.% of a more volatile compaonent. Relative
ratention times indicate this impurity is R143a. Refrigerant
samples of higher purity and more reliable physical property
information are needed lor more accurate evaluations of R143

CONCLUSIONS

For the following conclusions it must be stressed that the
exparimental results are for tests done on one specific plece
of hardware, and they may not be generalized to all siluations.
In addition, the tests reported in this paper were for simulated
heat pump conditions. Thus the relative rankings of alterna-
tives may not hald true for conditions typical of other applica-
lions, such as household or commarcial refrigeration,
commercial chillers, etc. Similar tests should be conducted
lor conditions simulating those other applications.

Specific conclusions drawn from the data presented In
Tables 3 through 6 are given below:

—HA152a ylelded the best measured performance at all test
conditions excepl the lowest evaporator temparaturs,



TABLE 4A
Comparable Refrigerant Performance: Experimental Results
{at ARI B.3°C Heal Pump Rating Condition)™

COMPRESEOR EVAPORATING CONDENSING COMPRESSION  NETHEATING  REFRIGERANT  COEFFICIENT
SUGTION PRESSURE PRESSURE RATIO EFFECT CIGLLATED oF

TEMPERATURE (s Pa) ping) s PERFORMANCE

focy (HEATING)

A2 13 751 =92 a2 220 @ 242 @ 2718
125 54 847 \az 328 1170 @ gs @ 272
o 30 a7 17t a1s 1080 @ eos @ 290
Rz oo 50 1450 300 2070 W 45z & 317
R218 87 a4 1185 318 s P 1a @ 287
A12 02 azr 860 288 1490 @ en @ 204
Aida 27 a8 =) a8 2050 @ ass @ 426
A1s2a a1 284 88 7 sore P 326 @ 340
R4 78 24 a2 318 2160 P e @ 315
124 as 185 M 243 16810 o & d 218
Araz 85 161 o am a0 ™ an ® 208
ACITA 73 168 69 250 1280 @ 734 B 178
AT 18 102 =0 100 1a20 @ 548 @ 183
A143 i8 101 a0 428 8.0 & 234 & and

1) AOUGHLY -2.29C EVAPORATION AND 34.4°C COMDENSATION
) MEASURED REFRIGERANT FLOW RATE
Ml REFRIGERANT FLOW AATE CALCULATED FROM EGUATION OF STATE

—HR143a was the best performing alternative at the lowast
avaporator lemperature.

—HR134a outperformed R12 at all but the lowest temperature
conditions,

—R134 outperformed R134a at the two highest temperature
conditions.

Both R152a and R143a are classified as flammable. This
characteristic could be ameliorated by combining them with a
nonflammable fluid (or fluids) to produce a nonflammable
mixture.

The thermodynamic performance of promising alterna-
tives {pure fluids and mixtures) can be estimated from a
minimal amount of physical property information. In cases
where good performance Is indicated, small partions of the
most promising materials can be tested ai standard condi-
tions and compared o established refrigerants and modeled
predictions.

Research efforts are required to measure the physical,
chemical, and thermodynamic properties of compounds and
mixtures of compounds that demaonstrate efficient perform-
ance as vapor-compression refrigerants.

Beyond thermodynamic considerations, thermophysical,
toxicological, and extensive material compatibility informa-
tion is necessary to fully determine the utility of new refriger-
ants or refrigerant mixtures in refrigerating or air-conditioning
equipment.
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TABLES
Comparable Refrigerant Performance: Experimental Results
(at ARI B2°F Heat Pump Rating Condition)/"

COMPREESOR EVAPORATING CONDENSING COMPRESSION  NETCOOUMG REFRIGERANT  COEFFICIENT
SUCTION PRESSURE PAESSURE RATIO EFFECT CIRCULATED oF
TEMPERATURE (paia) {paia) (Bst) Miminton)  PERFORMANCE
(°F) [COOLING)
501 843 26843 297 asa B 2.08 [ 250
n2e s By w07 254 zan @ 4z @ 202
Az 5T g0 1567 2 439 @) 400 (@ b5+
AT 507 81.0 e ao2 sag 2 as @ 25
Ris2s 514 503 152.0 27 1oags 184 B 28
A1 645 88 1918 255 era P 284 M 275
A4 LTA m|7 100.7 am &40 @ an @ 228
A4zt 64 ns 884 278 sa ™ 247 @ 2.84
AC3IB 507 a7 &29 200 aag & 543 @
A1 520 168 503 270 4a7 E 428 B 1.42
A143 553 222 597 20 1msf 153 B 222
i) ROUGHLY 489F EVAPORATION AND 105°F CONDENSATION
(2] MEASURED REFRIGERANT FLOW RATE
Pl REFRIGERANT FLOW RATE CALCULATED FROM EQUATION OF STATE
wE Dy EEE .
TABLE 5A i
Comparable Refrigerant Performance: Experimental Results
(at ARI 27.8°C Heat Pump Rating Condition)
COMPRESSOR EVAPCRATING COMDENSING COMPRESSION  NETCOOLING  REFRIGERANT  COEFRCIENT
SUCTION PRESSURE PRESSLURE RATID EFFECT CIRCLLATED oF
TEMPERATURE (F'n) ) Pk} (o/n PERFDRMANCE
(™ ] [COOLING)
F2 10.0 650 1822 287 1520 & gss B 2850
218 178 584 1522 204 ssa @ 1810 @ 202
R12 14 420 1080 2 11806 #60 @ 2539
Al 34a 104 4 1185 202 1200 @ 7.5 () 25
Risza 1 a7 1048 27 ssyp @ ass P 2m
IET 180 aas s 258 1580 & oz @ 275
Ri24 129 714 64 2n 1260 @ 7598 225
142t 182 224 [ 278 mﬁm £ - 284
RCITR 148 218 571 200 osald 11.70 @ 204
A4 1.4 128 7 270 108.03 10.40 B 1.42
A14a 129 153 412 284 2420 415 B 229

(1) ROUGHLY 8.9°C EVAPORATION AND 40.6°C CONDENSATION
@) MEASURED REFRMGERANT FLOW RATE
P REFMIGERANT FLOW RATE CALEULATED FROM EQUATION OF STATE
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TABLE &

Comparable Refrigerant Performance: Experimental Results

{at ARI 95°F Heat Pump Rating Condition)™

COMPREESOR EVAPORATING CONDENSING COMPRESSION  NETCOOLUNG  REFRIGERMNT  COEFFRCIENT
SUCTION PRESSUFE PRESSUAE RATIO EFFECT CRCULATED oF
TEMPERATURE faka) () ) Miminfton)  PERFOAMANCE
oF) (COOLNG)
522 1004 an az0 a21 @ 3= 207
— 0.1 s 2570 a08 172 @ 11.32 @ 152
A1z 552 861 187.9 208 as @ azm @ 2.20
Ridda 515 853 27 a1 a5 @ a5 @ 2%
R152a 58 san 1.7 am 140 @ 192 @ 280
—_— a4 543 158.4 a3s oy & an® 245
Ri24 75 408 1183 a1 as @ arn® 154
R14zs sa.1 M 1002 209 778 @ 25 ™ 240
RCI1B =9 ass Bs8 0 zap @ s @ 1.40
At14 573 2.0 a4 289 aze @ aro® 1.88
A142 55 218 T am ] @ 20 ® ¥
1) ROUGHLY 529F EVAPORATION AND 122°F CONDENSATION
17 MEASURED REFRIGERANT FLOW RATE
P REFRIGERANT FLOW RATE CALGULATED FROM EQUATION OF STATE
L T - S
TABLE A
Comparable Refrigerant Performance: Experimental Results
{at ARI 35°C Heat Pump Rating Condition)™"
COMPRE 5S0R EVAPORATING CONDENSING COMPAESSION  NETCOOLMNG  REFFEGEFANT  COEFRICIENT
SUCTION PRESSURE PRESBURE RATIO EFFECT CRCULATED oF
TEMPERATURE (FPa) Lt felieg) (/e PERFORMANCE
(%3 [COOUNG)
22 ne m nE az0 ag P ane @ 207
R21B 158 Bz e 208 a @ 3 @ 152
A1z 129 458 1205 08 wan & wz @ 228
Al 143 as0 9T 13 1o 2 g.an (@ 2%
A1s2a 18 a0 124 am sazg W 4136 280
Rin wr w74 1008 a3s gy M am 245
Al24 142 b oE 318 wa @ 1 @ 104
At4zt 148 41 a0 808 w10 & sm® 240
RE31E 1ay 48 e .08 w2 B 14 @ 1.40
Ri14 10 15 ey 280 oo ® g @ 1.58
A143 142 1®m 518 234 20 @ an® 191

(1) AOUGHLY 11.19C EVAPORATION AND 50°C CONDENSATION
(2 MEASURED REFRIGERANT FLOW RATE
P REFRIGERANT FLOW RATE CALGULATED FROM EQUATION OF STATE
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TABLE 7

COP Comparisons for Modeled and Experimental
Performance Refrigerant Data from ARC Rig

T (a3 AT (R F @7 B (8
el e ) (380

COPH | fcoM o |m {CoPH) ! COPR CoP) | coPR
Az | [ | i —
MODELED 28 23 s a8 - | == = -
EXPERIMENTAL 24 | 1.7 ia 22 —_ | - —-—
i = . : e R
Rizs |
MODELED 24 14 28 29 = | == =
AL | EA | Ay A i | —_—
R | _ _ _ _
MODELED w (o 13 15 | | A1 = 1 =
EXPERMENTAL - N S 2 | 24 = ==do=
=] | | |
MODELED 23 nr 22 2 ar 18 0 | 23
ooeRmMENTAL | 2 | 1 | as | 25 | 32 | as w |
Rz1N [ l
MODELED g1 | 13 &7 | 2 W | o zs 7
EXPERIMENTAL | 20 .i. 14 BT | 38 2 | w0 a1
Rz | | |
MOOELED e | 13 9 | 2= LE ] | % EE | 23
EXPERIMENTAL 23 14 2 | w1 23 23 28 | 23
CIE™ [
MODELED 21 18 i 23 34 | an az iz
EXPERSMENTAL 23 | 14 13 ; 24 1 | zs a8 24
Aoz |
WGOELED 20 14 34 28 as 29 33 | 2
EXPERIMENTAL A L A a3 | s
R34 | |
MODELED 28 14 2 | 22 B4 28 21 1
Brimeen. L sx } we | ex | M 15 | 28 2 23
At ,
uoDELED zr 24 1 | 1. &7 | =a 1
:‘g“ﬂ"_& =, ] Ax sl 5 .!_‘L_!J_
MOGELED 2 | 14 an 23 ar an 35 | =
EXPERIMENTAL a2 | 13 o 2 | i 12 |
=1
MODELED 14 14 13 14 23 18 22 8
DPERIENTAL T 14 14 i 2o e B L
LR |
MODELFD 141 | or 15 1.1 22 1.8 22 Ly
_ EXPERIMENTAL ) ! el o] i ey Lead 23 18
A4
MODELED 18 13 2a 28 ET 24 1 | n
EXPERIMENTAL o | na 23 | 1a 12 £ a5 |

TABLE 8

Compressor Isentropic Efficiency Calculated from
Refrigerant

Properties at Various Rating Points
Calculated sentropic Efficiendas %)
Renigernnt TUF (B30)  ATF(RI%C)  B2UF (ZTAOC)  95°F (35°C)
P Heating Haating Cocling Coaling
-4 5 %0 &1 — -
_ Rz a4 EL _— =
_Ri43a 2 #0 — -~
_Ra ar . 45 o 43
_Rns _ 4 _ o8 ..aa s
me - - s s E 45
AiHa — N a0 48 “
= ISt | TINTRTGY | AR .
A =000 % 200000 ar FE_ | RN NS
__Rizq o o o T I
_ Ry - ) 3 n
= . — 8 3 36
_Rua B " 2n a3
A3 19 30 m
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DISCUSSION

David Zietlow, Research Assistant, University of lllinois,
Urbana: How did you clean the system whan changing from
one refrigarant to another?

J.R. Sand: Refrigerant from the completed test was drawn
out of the system into containers cooled with dry ice. The
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185t loop was then held under pumped vacuum avernight
before a new refrigerant charge was added.

A 150-second (SUS), synthetic, alkylbenzene|oil was
used in the compressor for these alternate refrigerant tests
to help minimize miscibility problems,
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