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THE ALTERNATIVE REFRIGERANT
DILEMMA FOR REFRIGERATOR-FREEZERS:
TRUTH OR CONSEQUENCES

E.A. Vineyard, P.E.

ABSTRACT

In response to regulatory actions arising from the
Montreal Protocol and the National liance Energy
Conservation Act (NAECA), refrigerato manufac-
turers and government researchers are investigating energy-
efficient replacement igerants for R-12, The Montreal
Protocol, enacted in 1987, requires thar by mid-1998, the
production of R-12 be reduced by 50% relative to 1956
levels (Federal Register 1987). As a result, a replacement
;?Hg-mmr must be decided upon as soon as possible to

low time for design changes, produc life tests, and
retooling. In an effort to select a refrigerant that has
minimal impact on energy consumption and the environ-
ment, a screening analysis of potential refrigerants was
performed thar resulted in the selection of six condidates.
The screening results show thar R-134a, R-134, R-152a, R-
134a/R-152a, R-22/R-152a/R-124, and R-134a/R-152a/R-
124 are the most promising refrigeranis for future use based
on the following criteria: ozone depletion potential (ODP),
greenhouse warming potential (GWFP), coefficient of
performance (COP), and safery. Following the screening
study, energy comsumption tests weré performed for the
three pure refrigerants in an 18 ft' (0.51 m') awtomatic-
defrost top-mount refrigerator-freezer in accordance with
the Association of Home liance Manufacturers (AHAM)
standard for household refrigerators and household freezers
(AHAM 1985). The results indicate an increased energy
consumption of 6.8%, 7.3%, and 7.3 %, respectively, for R-
134, R-152a, and R-134a in the most efficient oil. However,
when the effects of compressor efficiency are taken into
account, the normalized energy co ion results in an
increase of only 2.7% for R-152a and 5.5% for both R-
134a and R-134.

INTRODUCTION

The search for an R-12 replacement in refrigerator-
freezers began after the 1987 ratification of the Montreal
Protocol, a global agreement protecting the stratospheric
ozone layer emissions of chlorinated and brominated
compounds (UNEP 1987). Before thea, evidence that
chlorofluorocarbons were contributing to the destruction of
the ozone layer was lacking, and compelling reasons to look
at substitutes were, therefore, nonexistent. In the months
following the signing of the landmark agreement, initial
investigations focused on drop-in replacements and tran-
siti refrigerants in hopes that & guick cure would be
found or, better still, that the Montreal Protocol would be
amended to allow for a longer phaseout of R-12. It soon
became apparent that it was virtually impossible to
a refrigerant in an existing system without (1) significant
changes to the design, (2) replacement of the oil, or (3)

potential problems with flammability, reliability, service-
ability, or toxicity, Since no easy solution was available and
because the phaseout period might be shortened at a future
reassessmenl meeting that would address new restrictions
for the Montreal Protocol, the search for alternatives
intensified.

In addition to the requirements of the Montreal Pro-
tocol, manufacturers also faced progressively tougher
energy-cfficiency stundards. In 1987, the NAECA es-

it energy-efficiency standards for several consumer
appliances including refrigerator-freezers (NAECA 1987).
The initial standards went into effect January 1, 1990, when
the effects of the Montreal Protocol were not yet an issue
because energy-sfficient CFCs could still be used as
refrigerants and blowing agents in foam insulation to meet
energy goals. Efficiency standards for 1993 stiffen re-

uirements by an average of 25 % (ACHR News 1990), even
gh (1) long-term alternative refrigerants in some cases
have been shown to be less efficient (Vineyard et al. 1989b)
and (2) alternative blowing agents for foams have higher
thermal conductivities that make the new foams less energy-
efficient than their CFC-blown counterparts. Thus, manu-
facturers face an uphill battle in striving to meet the 25%
reduction in energy consumption required by the 1993
standard. By 1998, the standard is expected to require an
additional 25% reduction that will have to be met solely
while using non-CFC insulations and refrigerants.

In a previous study to determine wviable alternative
refrigerants for refrigerator-freezer  applications, four
refrigerants were tested in an unmodified unit to determine
their energy ion compared with R-12 (Vineyard et
al. 198%h). While the results provided useful information to
manufacturers and suppliers, they did not fully examine all
possible replacements or the effects of system modifica-
tions. Of the refrigerants tested, only R-134a and R-22/R-
142b were viable possibilities as long-term replacements.
Because both refrigerants resulted in a large increase in
energy consumplion, a more thorough investigation was
necessary to (1) identify alternatives with comparable
performance to R-12 and (2) test their energy consumption
in & unit with minor modifications aimed at improving
system performance through optimal matching of the
components to the refrigerants,

SCREENING ANALYSIS

Methodology

Tglidmti !]‘lﬂm.ll.lﬂ " 'veﬂffur tashnﬁ:'ﬂw first task was to
assemble an initial hist of pure refrigerant components
(Table 1) from which both pure refrigerants and refrigerant
mixiures could be selected. The methodology for the nitial
selection, similar to one used in a previous study on
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TABLE 1
List of Pure Refrigerant Components :

i mixtures for a heat pump 1
et al. 1939:], eliminates tial mhgﬂmtﬂ on the basis
of boiling point, chemi lhmnl stability, ODP, and
toxicity. dmn,g this app » the gencrated list includes

many mwruhgmtu ll.'ll;hlln-]a‘ll R-124, R-125, and
R- 142I: that are mentioned most often as potential solutions
to the ozone problem. In addition, other refrigerants on the
list, such as R-134, R-32, and R-152a, show a lot of
promise but have not been seriously considered for com-
mercial applications because of (1) insufficient property
information, which prevents an accurate evaluation of the
upmiedbmeﬁﬂ.m{l}ufﬁymmnmuﬂbuld-

Aﬂﬂmfnguml were identified, the next
napwnm:mmhhlmofpwcﬂuidsmdmhmmﬂm
be pared down to six refrigerants for experimental
Iﬂtmg The initial selection criteria for each of the hists
wmthdiﬁmLPumﬂmdndmmmhﬂmdmmn
proximity of the candidate refrigerant’s calculated capacity
to that of R-12. The rationale for this method-
ology is that if the capacity greatly exceeded that of R-12,
the compressor size would be greatly reduced, rnnl]nngm
smaller compressors that are inherently less efficient. On
the other hand, refrigerants that have significantly smaller
f:apncmen would require much larger compressors, thus
in the compressor co
hwmahlghum potential noise problems. main
critenion for selecting mixtures was a small boiling point
differential between the fluids to minimize the refrigerant
temperuture variation in the heat exchangers and the heat
trunsfer degradation inherent with mixtures. An additional
criterion was to pair a flammable t with
nonflammable component so that the of the
flammable component could be reduced to the point where
the mixtore was nonflammable. Finally, several mixture
itions were analyzed to determine the highest COP.
final step was to devise a method for screening that
would satisfy the concerns of both government and in-
. This was accomplished by ranking the alternatives
on four major criteria: ODP, GWP, COP, and safety
(flammability and toxicity). Values for ODP and GWP were
obtained from the Environmental Protection Agency (EPA)
and reflect the EPA's latest estimates using R-11 as the
basis (EPA 1989). For the mixtures, the ODPs and GWPs
were calculated by proportioning the values for ODP and
GWP of the pure components based on the mass percentage

of each component in the mixture. The ideal COPs for each
refrigerant were determined by using a version of the
CYCLE program that uses the Redlich-Kwong-Soave
equation-of-state to determine refrigerant properties (Con-
non 1989), Flammability and toxicity information, some of
which is bused on preliminary estimates, was obtained from
chemical suppliers (Bivens n.d.).

Results

The refrigerant are shown in Tables 2 through
4. A high COP was considered to be desirable; thus, the
rating in parentheses for COP increases as the COP
decreases. On the other hand, low values for ODP, GWP,
flammability, and toxicity result in low matings. Equal
weighting was given to each of the four criteria because
experimentation with different weighting factors yielded no
significant changes in the relative rankings among the
groups. Before the final six candidates were selected, the
decision was made to choose three pure fluids, two ternary
fluids, and a single binary refrigerant. This decision was
based muinly on preferences expressed by manufacturers
that the alternative refrigerant cause as problems as
possible for manufacturing and service personnel. Pure
fluids would be simpler to handle because charging prob-
lems would be minimized: unlike mixtures, pure fluids have
wﬁ.ﬂtﬂchmgemmﬁmdapmﬁm;mm
of charging. The reason for using two ternaries as
opposed to one binary is similar. Should a leak occur in the
system, the COP and capacity of a ternary could be affected
lmth.aathuaeftg:lhmlr}r refrigerant, depending on the
l:umpon:ntau mixture
for the pure refrigerants (Table 2) shows
lhltRlShuthﬂ-b«tm&:gmmﬂuhlmofmm;h
COP, low ODP, and low GWP. These three positive
ntmhuiﬂlmdumummghmmmuﬂrd:mrhmk-
mability. The next two refri , R-134 and R-134a,
both had low ODPs and relatively low GWPs. The dif-
ference between these isomers is that R-134 has & higher
thearetical COP. However, less is known about its ial
toxicity, a factor that lowered its safety ruting, final
two refrigerants, R-124 and R-22, were not selected for
mpmmmh] testing due to their overall low ratings,
refrigerant rankings, shown in Table 3, indicate
that r.hr. K—HMR 152a combination is clearly the best
selection, with high marks for COP, ODP, deWP The
only concern is that the mixture, wmthuughmnﬂ:mbl:
in its as-charged composition, could become flummahle as
the result of & leak in the system, which could increase the
concentration of the R-152a. The most surprising conclusion
from the rankings is that the other refrigerant pairs
nllhnugh not selected for experimental , Were Il.l
ranked essentially equally, except for R-1430/R-1 34aand R-
125/R-152a. This menon occurred, with some
exceplions, because mixtures combine two high ratings
with two low ratings. For example, R-152a/R-124 com-

TABLE 2
Pure Refrigerant Rankings

2.45 (1)

2.39 (2)
2.26 (5)
2.34 (3)
2.29 (4)

GWP Salety Total

5)
(4)
2
(3)
(1

{o8)
(10}
{11}
a3l
(14)

028 (1)
260 (3)
250 (3)
082 {2)
340 (5)
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TABLE 3

Binary Refrigerant Rankings

— —_
QDP GWP Slg-_'rﬂll
———— —
1348/152a (75/25) 2.34 (3) 0 (1) 184 (2) (6) (12
22[1348 (25/75) 2.26 (B) 0215 (8) 273 7 (1 (19}

F 2daf124 (75/25) 2.28 (5) 0425 (8) 211 (3) i3] (18) ﬂ
22/124 {S0/50) 2.30 {4) A1 19) 21614) {2) 18)
22/152a (75/25) 2.38 (2} L3ITS (7) 262 (8) (5) (20} ||
152a/124 (25/75) 2.39 (1) 275 (10) L7861} (&) {20)
32348 (25/75) 2.26 |5) o (1) 225 5] (109 (21)
125/134a (25/75) 2,20 (9) 0 (11 315 (8) (4] {22)
143s/124a (35/65) 2.22 (8) 0 L) 415 (10} {6} {25)

! 125/1652a (75/25) 2.15 Q) o (1} .389 [9) (9) (29)

——— e — — "

bined two first-place ratings in COP and GWP with eighth-
and tenth-place ratings in ODP and safsty to yield an
overall total that placed it equivalent to six other refrigerant
pairs.

The ternary mixtures (Table 4) are perhaps the most
inleresting development among the alternatives, since they
may overcome some of the drawbacks of pure fluids and
binaries. One of the problems with fuids is that few
are available in the capacity range of R-12. With ternaries,
the amount of the high- and low-capacity refrigerants can be
adjusted, usually with little effect on COP, to obtain the
desired ity. Nonazeotropic binaries can present s
major pmhinm 5’ 8 leak in the system occurs; the :um'bi]jty
exists that a nonflammable mi:tu;c with a flammable
component can become flammable. By *‘sandwiching’" the
flammable component between two nonflammable consti-
tuents, & nonflammable ternary can overcome the danger of
& flammable mixture occurring in a system with a leak.
Other possible advantages of ternaries include (1) over-
coming immiscibility problems by using a large percentage
of a component that is miscible with the oil and (2) oppor-
tunities for minimizing the heat transfer degradation
inherent in mixtures by selecting three components that
yield a mixture with a minimal temperature ghde.

TEST PROCEDURE
All tests were performed on an 18 f (0.51 m"),

automatic-defrost, top-mount refrigerator-freezer with a
forced-uir condenser. Each series of tests with a different

refrigerant used & new compressor that was sized to reflect
changes in the volumetric capacity of each refrigerant.
Along with each compressor change, different oils were
selected based on recommendations from compressor
manufacturers concerning life test results and equivalent
viscosity values at operating conditions. A capillary tube
ﬁfﬂld was also installed on :t::n m&iguﬂnr-ﬁm
le making small changes in refri t Aow.
capillary Hxﬁw mld':nbypergﬂ;i:nammdﬂu-
mine which capi gave the lowest consumption.
It should be noted that selection was wm{l limited: only
one set of three capillaries was installed because of the time
limitations of the project and because we wanted to modify
the as little as possible.
tests were conducted in accordance with Section §
of the AHAM Standard for Household Refrigerators and
Household Freezers (AHAM 1985). The standard calls for
four test points to be performed by running the refrigerator-
freezer at two different control settings with the anti-sweat
heater switch in both the *‘on’* and *‘off"" positions. Energy
consumption results for each test point are then used to
calculate a daily energy consumption based on a 5°F
(—15.0°C) freezer reference
Since energy consumption is a function of the energy
efficiency ratio (EER) of the compressor, some method was
needed to normalize the results to take into account the fact
that the compressor efficiency for the alternatives was
different from that of R-12. This was accomplished by
multiplying the daily energy consumption for each alter-
native h}' the fu“m ratio: EER'M.TENA.T]\"H’IEERI-II' The

TABLE 4

Ternary Refrigerant Rankings

— —— —— — —
Refrigerant I cop oDp GWP Safety I Tatal
— — — —
22/152a/124 |35/25/40) 2.38 1) L0855 [4) 0623 (1) (2) (8]
134a/152a/124 (B0/25/15) 2.36 (3) D265 (2) A703 (2 31 {10)
22/134a/152a (15/60/25) 2,36 (2) L0075 (1) 2075 (3) {4) {10}
22/134a/124 (20/60/20) 2.27 (4) D440 (3) 2364 (4) {1} (12}
— — = — —— —
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EER, & measure of the power required for a given refriger-
ation effect, was determined for a -‘lﬂ"% (—23.3°C)
evaporator, & 130°F (54.4°C) condenser, and 90°F
(32.27C) subcooling and superheating entenring the expan-
sion valve and compressor, respectively, It is recognized
that & better approach would be to have performance ratings
from a range of evaporator and condenser temperatures in
order to pinpaint the EER at the actual operating conditions.
However, information of this nature was unavailable and
beyond the scope of this project.

Following each compressor changeout, the unit was
leak-tested and evacuated overnight to ensure that most of
the moisture was removed from the system. Refrigerant was
then added to the system and the unit was allowed to run
until guasi-steady-state conditions were achieved. The level
of charge was initially adjusted by monitoring thermo-
couples in the evaporator to determine the point at which
enough refrigerant had been added or removed from the
system so that the refrigerant was slightly superheated after
it left the evaporator. Final adjustments were made to the
charge by varying the levels by minimal amounts to yield
the lowest energy consumption.

RESULTS

A total of four pure refrigerants including R-12 were
tested. The three alternatives—R-134a, R-134, and R-
152a—represent a good selection that reflects the interests
of both government and ind . R-134a, the substitute
mentioned most often as the leading candidate by chemical
suppliers, has already been embraced both by refrigerator-
freezer manufacturers in E and by the U.S. automo-
tive industry. R-134, on the hand, is a chemical with
some unanswered questions. It has the same molecular
weight as R-134a but differs in how the hydrogen and
fluorine .]:l‘.;;nn are wrranged on the two carbons. Little is
known tits p ies, although preliminary estimates
indicate that it could be more energy efficient than R-134a
(Sand et al. 1990). The best refrigerant from a theoretical
viewpoint, R-152a, is the refrigerant mentioned most often
as the ]udjn&n, ternative by the EPA because of its low
ODP and GWP. Industry, however, views R-152a with
greal apprehension because of the issue of flammability and
the accompanying possibilities for litigation.

R-134a Tests

R-134a was one of the first refrigerants tested as an
alternative for R-12. Initial results were not very encours-
ging because energy ion was higher than that of R-
12, and accelerated-life tests revealed problems with high
failure rates with some of the initial oil candidates. Dis-
couraged by the initial results, researchers focused on other
g]il:m;l.tivm, such us R-22/R-142b, R-12/DME, and R-500,
in hopes of finding a drop-in replacement that would
require no changes in the present system. It soon became
clear that existed with all of the alternatives and
there could be no drop-in solution. As research in the 1.5,
concentrated on & range of alternatives, the European
community had decided that R-134a was the refrigerunt of
the future and focused its efforts on finding compatible oils
that would yield the best energy ion and life test
results. Initially, the oils of choice were polyglycol-based
with viscosities approximately the same as those of mineral-
based lubricants. Problems were experienced with these oils
in the form of abnormal wear and high failure rates in
accelerated-life tests (Sundaresan n.d.; Campbell n.d.).
Researchers therefore began to look for other solutions. In
Europe, successful tests with ester-bused lubricants were
rqrwtul in early 1990 (Taulbee n.d.). Samples of the ester
oils later became available in the U.S., with initial tests
showing positive results, Work since then has investigated
the possibilities for lowering the viscosity and achieving
hml' energy efficiencies along with performing long-term

e lests.

The results for R-134a are shown in Table 5. Testing
was performed with two ester-based oils of different
viscosities, 90 and 100 SUS at 104°F (40°C). These oils,
while considerably less viscous at the rating point than
mineral oils presently used with R-12, are predicted to have
lpptuxmln!' y the same viscosity at the compressor opera-
ting temperature. Actual mg-ummgunn values using
the two oils were 2.48 and 2.35 kWh/d for esters 100 and
50, respectively. Using the compressor energy efficiency
ratios (EERs) to normalize the energy consumplion yields
values of 2.35 and 2.31 k'Wh/d, which are 7.3% and 5.5%
higherlhm!hnm%mmnmﬁmwimlbﬂ, It appears
from these resulis that the oil viscosity affects not only
compressor efficiency but also overall system efficiency.

TABLE 5

Refrigerator-Freezer Test Results

Enargy Consumption
(iWh/day)

Comprassor EER

Energy Consumption -

Normalized (kWhiday)

Run Tima (%)

% Increass in Enargy
| Consumption Mormalized
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This conclusion is evidenced by the fact that the normalized
energy consumption is not equivalent for both cases.
Refngerant/oil miscibility data indicate that mscib:l:a?r
improves as the oil viscosity decreases. Thus, overall
system efficiency can be improved as a result of better heat
transfer in the evaporator,

Increased run times for R-134a caused a bias in the
energy ¢ ion that is not present when two refriger-
muhwmnmﬂm, Energy consumption increasad
because of increased power to run the fans for a longer
period of time and higher heat leakages, especially around
the gacket area. Longer run times are an indication that at
least one of the following problems is occurring: (1) the
COMPTEssor ity is not equivalent to that of the R-12
compressor, (2) the capillary is not well matched for the
refrigerant being used, or (3) the oil/refrigerant combination
is immiscible in the aﬂtﬁxunr. ing fouling of the heat
exchanger. Looking at the available information, it appears
that all three problems contribute to the longer run times in
this case. First, the compressor capacity is lower, 828 Btu/h
vs. 849 Biu/h for R-12. Second, a check of the miscibility
curves for R-134a with the ester oils shows a ihility for
immiscibility at low : l-‘im]?;f& capillary
selection was limited to three choices for this test i
The selection for R-134a was the same as that chosen for
the R-12 testing. In discussions with manufacturers, we
learned that R-134a usually has & more restrictive capillary
than R-12. Thus, a more restrictive capillary, had one been
available, might have resulted in shorter run times.

R-134 Tests

R-134 has a boiling point of —3.5°F (19.7°C), which
is 12.2°F (6.8°C) higher than that of R-134a. Its capacity
at operating conditions for & refrigerator-freezer is approxi-
mately 76% that of R-12; therefore, it requires a larger
displacement compressor to achieve the same run times.
Property data are very sparse because most research has
focused on R-134a; thus, there is not as much confidence
in R-134 performance estimates as for some of the other
new fluids. It is also much harder to obtain research
quantities of the material for experimental testing. Chemical
suppliers have indicated in discussions that R-134 is more
i t to synthesize than R-134a, 50 it would cost more
than R-134a to manufacture (Bivens n.d.). In addition, R-
134 is not presently included in the Program for Alternative

Fluorocarbon Toxicity (PAFT) testing to determine long-
term toxicological tag’ocu of m?ﬁmm :nmpmmdg.
Since these tests ire several years to complete, R-134
Wmh:vmfmmmmmmﬁlmmﬂim
in the late 1990s even if PAFT testing began immediately.
Tunln'i.\:ri!h R-134 was performed using the same oil
ester 90) was used for one of the R-134a tests. Results
or R-134, shown in Table S, reveal that the energy
tion, 2.34 k%:.]d' is almost the same as Ih:l'.ﬁ;:zrll-

134a. The normalized value of energy consumption is 2.31
kWh/d based on an EER of 5.14 Btu/Wh. These results are
quite i i h&uhwmhmchﬁwﬁ

ressor effici or energy comsumption for

cﬁmuhmﬂt of using R-134 as opposed to R-134a.
t is noted that the EER value for R-134 was obtained in a
different manner than those for R-134a and R-152a. The
compressor manufacturer was unable to perform calorimeter
tests with R-134 because it was unavailable. He chose
instead to perform tests with R-134a. Once we received the
compressor, tests were performed with both R-134a and R-
134 50 that a “‘comparative”’ EER (one that accounts for

959

the differences between the two test facilities d be
obtained. The *‘comparative’’ EER was i by
ry

multiplying the EER obtained for R-134 at our

by a ratio of the results obtained at both labs for R-]34a.
R-152a Tests

Of the three replacements discussed in this papér, R-
152a is the most iliar, since it is not re i new
refrigerant but one that has been commercially svailable for

a number of years as a component in the R-500 azeotrope.
It is also the most efficient pure refrigerant available in the
boiling point range of R-12. With a predicted capacitly that
18 97% that of R-12, only a small change in compfessor
displacement is required. Because of its low ODP and
GWP, itianﬂww::z:rﬂmEFArmhithighonﬂm ist of
replacement refrigerants. Industry, on the other hand, has
ex concerns about its flammability aspects because
of the possible lisbility issues that could result from its use
in domestic appliances. The EPA is making efforts to
address the concerns of industry by working with various
organizations, such as Underwniers ratorics, o
evaluate the safety issues involving the use of R-152a. [If the
flammability issue could be resolved, it could have the
effect of moving R-152a to the forefront of the race for an
ble R-12 alternative,

-152a tests were performed with both an alkylbenzen
oil (AB 150) and an ester-based oil (ester 90). The results
were nearly identical. Only the AB 150 results are| pre-
sented because calorimeter data are available
and because it is also the oil recommended by refrigerant

liers, The consumption was 2.35 kWh/d—jden

tical to that for R-134a and close to R-134. With a com-
pressor EER of 4.98 Btu/Wh, the normalized egerp
consumption was calculated to be 2.25 kWh/d, the lgwest
of the three refrigerants tested. Run times, in a mannes
similar 0 those of R-134a, were noticeably higher |than
those for R-12. As explained earlier, longer run fimes
contribute to higher energy consumption in several différent
ways,

CONCLUSIONS
The following conclusions apply only to residential
refrigerator-freezers and more specifically to the particular

unit tested. The results should not be construed as being
applicable to other refrigeration systems, such as |heat
pumps or automotive air-conditioning, because thos
systems operate under different conditions and with|dif-
ferent components that could affect the performance, In
lddiﬁnn,thnmmtusimmhawdmmmwuffi sty for
determining energy consumption and are not cient to
adequately predict the overall performance of the system
under other conditions, such as pulldown and eleviated
ﬂm{hf - Be!'mh:dminimhmnduon the
uacy of an alternative refrigerant, further tests ane in
order, e.g., accelerated life, noise, and system reliabiljty.
* R-134a performance is improved as the oil viscosily is
decreased. While one would expect this result basedi on
improvements in compressor efficiency, the redyced
energy consumption goes beyond the improvement
shown E:;tbﬁ mﬂmlmmr. Th.i.. can be seen by Civm=
parin normalized energy consumption for the R-
13-4:%&3 with different oils. As shown in Table 5, the
normalized energy consumption for the ester 9( is
lower than for the ester 100 test case, indicating th



mrnmmmphm::luwbauuuufmhur
faﬂnn A possible explanation is that the heat transfer
ed in the evaporator because of improved

Dl” igerant miscibility.

* R-134 similarly to R-134a in both the refrig-
erator- and the compressor. Thus, there appear
to be no benefits to using it for applications,
However, should future desi ude an increased
level of insulation so that the required capacity is
greatly reduced, R-134 might be & solution to main-
mmummprmufﬁumyhynhmuﬁn:th
for compressor downsizing.

the

need

s  R-152a was the best-performing refrigerant of the three
tested, with & normalized energy consumption only
2.7% higher than that of R-12. From & long-term
environmental , it also is the best alternative
huadﬂnluwDDPmiGWP wvalues, Nevertheless,
flammability currently deters its scceptance by manu-

(1) improving the afﬁmmc}r of R-134a or (2) deﬁning the
expected additional lisbilities that would result from m
R-152 and deciding on its lubaequnt nnneptl.hlltjr A
alternative is to im the performance of

which is the subject of future work for this in
which the alternatives R-134a/R-152a, R-22/R-1 hl"ii'. 124,
and R-134a/R-152a/R-124 will be studied,
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