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Refrigerator-Freezer Energy Testing
with Alternative Refrigerants

E.A. Vineyard, P.E.

ABSTRACT

As a result of the Montreal Protocol (UNEP 1987) that
limits the production of ozone-depleting refrigerants,
manufacturers are searching for alternatives to replace
the R12 that is presently used in residential refrigerator-
freezers. Before an alternative can be selected, several
issues must be resolved. Among these are energy im-
pacts, systern compatibility, cost, and availability. In an
effort to determine the energy impacts of some of the
alternatives, energy consumption tests were performed
in accordance with section 8 of the Association of Home
Appliance Manufacturers (AHAM) standard for household
refrigerators and household freezers (AHAM 1985). The
results are presented for an 18 ft* (0.51 m?), top-mount
refrigerator-freezer with a static condenser using the
following refrigerants: R12, R500, R12/dimethylether
(DME), R22/R142b, and R134a. Conclusions from the
AHAM test are that R500 and R12/DME have a reduced
energy consumption relative to R12 when replaced in the
test unit with no modifications to the system.
Run times were slightly lower than R12 for both

refrigerants, indicating a higher capacity. While the R134a
and R22/R142b results were less promising (7.8% and

86% higher energy consumption, respectively), changes
to the refrigeration system, such as a different capillary
tube or compressor, may improve thefr performance. It is
noted that the test results are only an Initial step in deter-
mining a replacement for R12. Further analysis should be
performed to determine long-term effects on compressor
life and operation over a wide range of amblent
temperatures.

INTRODUCTION

In 1974, scientists presented the theory that
chioroflucrocarbons (CFCs) slowly migrate into the strato-
sphere where they decompaose by action of sunlight and
split off free chlorine molecules that react with ozone. thus
reducing the concenltration of ozone in the upper at-
mosphere (Molina and Rowland 1974). This theory, along
with other findings, led the United States, along with 23
other counlries, 1o sign a landmark agresment (Maontreal
Protocol) to protect the stratospheric ozone layer from
emissions of chlorinated and brominated compounds
(UNEP 1987). The impact of the Montreal Protocol in the
US was that the Environmental Protection Agency (EPA)
issued a proposed rule to freeze production of R11, R12,
R113, and R115 at 1986 levels by their relative ozone deple-
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tion potentials. This will be followed by a 2096 reduction in
mid-1893 and a 50% reduction by mid-1998 (Federal
Register 1987).

In 1987, the National Appliance Energy Conservation
Act (NAECA) was enacted, which established energy-
efficiency standards for several consumer appliances
including refrigeratorfreezers (NAECA 1987). The NAECA
requires the Department of Energy (DOE) to determine the
acceptability of the standard for refrigerator-freezers, which
goes into effect on January 1, 1990. Should the standard
fail to be accepted, several states, notably California, have
standards of their own that require minimum energy effi-
ciencies for residential refrigerator{reezers.

Theimpending standards, along with the reductions
in the praduction of R12 brought on by the Montreal Proto-
col, have created a major problem for refrigerator-freezer
manufacturers. They are faced with trying fo reduce
energy consumption in the same time period in which they
must begin using replacement refrigerants that may in-
crease energy consumption, Adding tothis dilemma, most
changes in refrigeration system design require long lead
times to implement in production. Thus, to meet afficien-
ciesimposed by the 1990 standard, decisions will haveto
be made quickly as to which refrigerant will be used.

Requirernents lor replacement refrigerants will cause
marny candidates to be eliminated in the early going. Some
ol the requirements are that the refrigerant rmust be non-
toxie, stable, nonflammable, compatible with lubricating
oils, similar in thermodynamie performance, and avallable
at low cosl. Compromises will probably be made in some
ol these criteria in order fo ensure that the energy efficiency
largets are met. An outside influence on the choice of
replacements involves the refrigerant selected for
automotive air-conditioning systems. Automobile air-
conditioning requires approximately 20 times more R12
than refrigerator-freezers, thus giving the automobile
manufacturers.a larger voice in the replacement
refrigerants produced (Statt 1988). However, automobile
manulacturers are not concerned with energy efficiency,
since the energy efficiency of the air-conditioning system
has little effect on the gas mileage. For this reason, a
replacement for R12 may be produced that does not meet
the energy-efficiency needs of refrigerator-freezer
manufacturers.

TEST PROCEDURE
Testing of several alternative refrigerants to determine
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Figure 1 Refrigerator thermocouple locations

the estimated annual energy consumption was performed
inan 18 ft* (0.51 m¥) refrigerator-freezer in accordance
with section B of the AHAM standard lor household
refnigerators and household freezers (AHAM 1885). The
standard calls for thermocouple hookups, as shown in
Figure 1. Atotal of four test points are performed. These
consist of running the refrigerator at two different control
seltings with the anti-sweal heater switch in both the “on’
and “off" positions. The resultant test points are then used
lo calculate the energy consumption based on a 59F
(-1500°C) freezer reference temperature. Other require-

menits for the test are that the compressor must have a
break-in period of 24 hours prior to testing and the power
supply to the refrigerator-fréezer must be 115 volts + 1 volt
at 60 Hz. Test room conditions are that the ambient
temperature must be 90°F + 1°F (32.22°C + 056°C), air
circutation around the cabinet is less than 50 ft/min (15.24
m/min), and radiation shielding must be provided for sur-

faces greater than 10°F (5.56°C) above the amblent
temperature.

Since the refrigerants used in the testing had different
densities, it was necessary to optimize the far each
alternative tested. The procedure was tofirst calculate the
charge based on the liquid density of the allernative
refrigerant refative to that of R12 at 70°F (21.11°C), a normal
ambient temperature at which the refrigerant is charged.
For example, R500 has a liquid density of 72 995 Ibm/it?
(1168.23 kg/m?). Based on a charge of 170 gm and a
liquid density of 82.704 Tbm/fft* (1324.75 kg/m?) for R12, the
charge for R500 is calculated as (72 995/82 704)- 170 gm
or 150 gm. The calculated amount was charged into the
refrigerator and tests were performed o deétermine the
energy consumption. The calculated charge was then
vafied in 10 gm incremenits to determine the optimum
charge that yielded the lowest energy consumption

The procedure for loading the charge was tn first
evacuate the system to a minimum vacuurn of 10 microns
of mercury (1.33 E-06 Pa). The refrigerant was then
weighed into the refrigerator-freezar as a vapor on'thé low
side using a laboratory balance. |f a refrigerant mixture was
used, the high boiler was charged first. If a premixed mix-
ture was being tested (such as 55% R22/45% R142b), the
refrigerant was charged as a liquid rather than a vapor.
For most of the high bolling refrigerants it was necessary
to heal the charging cylinders to raise the pressure 1o

“icity testing

a point where the refrigerant would flow into the
refrigerator-freezer

Since some of the refrigerants used in the testing were
immiscible with mineral oil, it was necessary to change the
oil in the compressor. Following the recommendations of
a refrigerator-freszer manufaciurer, the compressor was

- temoved and heal was applied to make the ol less viscous.

The used oil was discharged into a graduated cylinder to
detarmine the quantity removed. The same quantity of new
oil was then poured into the compressor and the com-
pressor was bench-run for approximately one minute to
warm the oil and mix it with any remaining used oil inthe
system,. This oil was then drained and another oil charge
added to the system In the same manner as previously
described.

RESULTS

A total of five refrigerants, |n|:thrng R12, were tested.
The four alternative refrigerants were R12/DME, R500,
R134a, and R22/R142b. Refrigerarts were selected onthe
basis of their potential for requiring minimal changes inthe
refrigeration system. Four oils were used according to
refrigerant supplier recommendations. The recommenda-

“fions were based on available solubility and miscibility data

for the refrigerantioll combinations. Pure réfrigerants arid
mixtures were supplied by chemical companiesin experi-
mantal guantities. In the case of R22/R142b. the twa

-refrigerants were suppiled separately.
_R134a Tests

" R134ais one of the alternative ra!ngaranls mentioned
mest often'as a substitute tor R12. From thermodynamic
data (Wilson and Basu 1988), it can be estimated that

" R134a has alower capacity and operates at lower suction

and higher discharge pressures than R12 for the same

achieve capacmas eqmualerrt tothose obtained with FI12
Drawbacks with R134a are that it has nbt completéd tox-
and a compatible oil has not been fodnd which
ensures trouble-free operation over the expected life of the
compressor. At the present time, F134a s undeargoing tex-
icity testing. Assuming it passes all the tests, it should be
available for commercial use by 1990 (ACHR News 1988).

Test results are presented in Table 1 for R134a and a
polyglycol oil with a viscosity similar to that of the mineral
oil used with R12. The results show an increased energy
consumption of 7.8% relative to R12. Compressor run
times were higher than those for R12, indicating that the
capacity of R134a s lower, as previously estimated from the

~thermodynamic data. An additional test with R134ain'a
“high-viscosity oil (Table 1) resulted in an increased en

consumption of 45.3%. Tha information from the additional
test is quite useful for two reasons. First, the oil isthe same
as was used In testing where the refrigerator ran for 8.7
years using R134a (Wells, nd.). Secondly, results of lubncity
and wear testing have not been reported for
R134a/polyglycol oil combinations, so the viscosity of the
oil may have to be adjusted to maintain hydrodynamic film
thicknesses or lubricating conditions similar to those ob-
tained with the R12/mineral oil previously used.



TABLE 1
Refrigerator Test Results for R134avs R12

Energy
Charge Consumption
Refrigerant on (oz) {gm) (kWhiday) % Increase % Run Time
R-12 Minarad-150 80 oo 243 — 439
R134a Polyohycol- 165 1.3 1550 262 TE ann
H-132a Polyglyooi-525 55 1550 53 453 538
TABLE 2
Refrigerator Test Results for R22/R142a vs R12
Energy
Charge Consumption |
Relrigerant il oz) igm) (kWhiday) % Increase - % Run Time
R-12 Minerat-150 &0 170.0 243 - 438
R-22/A 1420 (BOMO) Minerai-150 54 1330 264 BE 489
R-22iR142b {B0/MD) Synthetic-150 54 1330 264 B6 474
TABLE 3 )
Refrigerator Test Results for R12/DME and R500 vs R12
Energy
Charge Consumption
Retrigerant il (o2) fgm) (kWhiday) % Increase % FAun Time
R12 Mingrai-150 &0 1100 243 — - 4308
H-12/OME (B6M4) Mirseral-150 a8 1360 227 [ a9
A-22/OME {2010) Minaral-150 48 1360 234 ar 436
F-500° Minaral-150 543 1500 22 &8
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Three differences in the refrigerantoll combinations
can be highlighted. First, R134a is quite soluble in
polyglycol oils. This increased refrigerant solubility effec-
tively lowers the viscosity of the resulting refrigerant/oil solu-
tion, thus lowering the hydrodynamic film thickness. Next,
the viscosity index of polyglycol oils is much greater than
mineral oils, which means that they show a much smaller
decrease in viscosity as the comprassor warms to its
operating temperature. Thus, the hydrodynamic film
thickness tends to increase as a result of the greater
viscasity index of polyglycol oils. Finally, R12 is known to
make a significant contribution to the lubricity in com-
pressors due to the chlorine atoms (Huttenlocher 1969).
Sirice A134a contains no chlorine, it is not clear if this added
lubricity effect will be seen with fully fluonnated refngarants.
As the result of the three differences, some increase in lubri-
cant viscosity or oil additives may be required if present
system longevity is to be maintained,

R22/R142b and R22/R124 Tests

R22/R142b has been mentioned as a puss:ble
raplacement for R12 on the basts of its low ozone depletion
potential (less than 0.08) and its similar bolling point (Rader-
macher and Lavelle, n.d.). An important consideration in
the use of this mixture is the potential for flammability. Mix-
tures of R22 and R142b are nonflammable below composi-
tions of 68 wilh R142b. While a mixture can be selected
that is nonflammable as charged, the possibility exists for
a portion of the-mixture to leak out, resultingin the remain-
ing mixture becoming flammable However, the remaining
portion of flammable mixture may be so small that it would

<

not pose a large nsk to the homeowner. , ]

The results for a mixture of 60 wt% R22 and 40 wt%
R142b are shown in Table 2. Tests with the mixture were
ariginally performed using mineral ollidentical tothat used
with R12. Following discussions with the refrigerant sup-
plier, it was recommended that an alkylbenzene cil be used
to improve the miscibility of the refrigerant/oil combination
at low temperatures (Lavelle, ri.d.). Both tests showed an
energy consumption increase of B6%, which suggesls
that there is no heat exchanger fouling as a resull of a
miscibility problem. Longer run times accounted for part
of the increased energy consumption. However, the in-
creased power draw resulting from the larger pressure dif-
ferential probably had the mnst effect on the energy
consumption,

R500 and R12/DME Tests

Both R500 and R12/DME are azeotropic mixtures,
which means that they behave as pure refrigerants. R500
is comprisad of 738 wi% R12 and 26.2 wi% R152a, while
R12/DME is 86 wi%b R12 and 14 wi% DME. R500 and
R12/DME are viewed as interim solutions to the problem of
finding a suitable replacement for R12 since both contain
a large amount of R12. Therefore, they bath have a high
ozone depletion potential. The R12/DME mixture, ke the
R22/R142h; contains a flammable component (OME), It is
speculated that the R12/DME mixture would not become
flammable should a leak occur due 1o both refrigerants
leaking in a nonpreferential manner that would leave the
compaosition unchanged.

As seer from the energy consumption results in Table



3, both R500 and R12/DME use less energy than R12.
R500 had a decrease of 58% while R12/DME used 66%
less energy. These decreases were mainly the result of
shorter compressor run times. The amount of R12 could be
reduced by 30% to35% as a result of the reduction in
charge and the lower amount of F12 in each mixture; This
would effectively reduce the ozone depletion potential of
the refrigerant by the same amount. Both refrigerants were
run in the same oil as was Used with R12. Thisis a desirable
characteristic because synthetic lubricants like the
polyglycol oil required for R134a are usually more expen-
sive than mineral gil. The appliance Industry is yery con-
cerned with trying to hold costs down as it is a very com-
petitive industry. Therefore, the industry would prefer to
continue using the same all,

FUTURE WORK

Much additional work is needed before'it can be
determined which alternative refrigerant is the best for
refrigerator-freezer applications. The work can be
categorized into two main areas: 1) information on new

refrigerants and oils such as chemical stability, toxicity, -

ozone depletion potential, flammability limits, thermo-

dynamic property data, and refrigerant/oll solubility curves;
and 2) product testing -of the refrigerator-freezer and
calorimeter data and accelerated life tests for rotary and
reciprocating compressors,

Flanned work includes energy consumption testing
for mixtures of R134a/R152a, R134, and expermental mix-
tures from refrigerant suppliers. Additionally, testing of
R134a in different oils is planned. These tests will be con-
ducted on a refrigerator-freezer that is more fully in-
strumented than the one used in the tests reported in this
work. The additional instrumentation will include pressure
readings laken at the suction and discharge side of the
compressor along with tlemperature measurements at the
entrance and exit to the candenser, evaporator, and com-
pressor. The additional instrumeniation will allow a more
accurate determination of the resulis.

Hardware changes to the refrigeration system will be
irvestigated to determine the correct capillary tube and
compressar size for each refrigerant. As shown in Figure
2, the capillary tube is sized to optimize the unit run time for
a glven system. Using a different refrigerant in the system
can cause the capillary tube to be undersized or oversized
asthe result of changes in the refrigerant properties that al-
fect the amount of refrigerant flow that is necessary. The
compressor is sized for a particular refrigerant 1o deliver tha
required mass flow rate. By using a refrigerant whose den-
gity is different, the mass flow rate will be changed which
would alfect the capacity of the unit.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations
apply only to residential refngerator-freezers and more
specifically to the particular unit tested, Other refngeration
gystemns, such as heat pumps, operate at different condi-
tions that could affect the refrigerant pedormance and thus
alter the results. In addition, the conclusions are based on
only onelest series for determining energy consumption
and are not sufficient to adequately predict the overall per-
formance of the system under other conditions such as
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Figure 2 Effect of capiliary tube on run time

pulldown and elevated ambient temperatures. Therefore,
further tests, such as system reliability and accelerated life,
are in order belore a final decision can be made astothe
adequacy of the allernative refrigeranits.

— R12/DME and R500 are possible short-term alter-
natives on the basis of reduced energy consumption. The

- reason they are only shori-term alternatives is that they still

contain R12, which is in the process of being phased out
ol production. However, the test results reveal that a reduc-
tion of approximately 30% 1o 35% in the ozone depletion
potential could be realized from their use.

'— The use of R134a as an alternative refrigerant
resulted in a 7.8% increase in energy consumption com-
pared to R12 using a similiar viscosity ol as s used for R12.

— Using a much higher viscosity oil than is normally
used for R12, the energy consumption for R134a increased
dramatically to 45.3% higher than the results for R12.

— The mixture of 60 wi% R22/40 witt R142b has an
86% higher energy consumption than R12 whenrunina
system with either a mineral oil or an alkylbenzene oil to im-
prove solubility characteristics.

The preceding results were for an unmodified
refrigeration system. The possibility exists that some of the
results could be altered by changing the system design,
either by using a different compressor or optimizing the
capillary tube size. Additionally, results could be affected
by testing in another manufacturer's product,

ACKNOWLEDGMENTS

This research was sponsored by the Office of Building Equip-
ment Research and Development, US. Department of Enargy,
under contract DE-ACOS-840R21400 with Martin Marietta Energy
Systemn, Inc

REFERENCES

AHAM. 1985 AHAM standard for househaﬁd refrigerators and
household freezers. Chicago: American Home Appliance
Manufacturers, _

Federal Register 1987, 52 FA 239, pp. 4748947523,

Huttenlacher, D.E 1969 A bench scale test procedure for



hermetic campressor lubricants” ASHRAE Journal, June,
p. 85 :

Lavelle, J. Pennwalt Corporation (personal communication), .«

Molina, M.J., and Rowland, FS. 1974, “Stratospheric sink for
chioroflucromethanes: chiorine atom catalyzed destruction of
ozone” Nature, Vol. 248, ppo 810-812. ?

NAECA. 1887, Public Law 100-12, March 17.

Radermacher, R., and Lavelle, J. "Comparison of refrigerant 12
with the blend R22/R1424" To be published. , ' 5

Stan, TG. 1988 "Use of chlorolluorocarbons in refrigeration, insu-
lation, and mobile air canditioning in the USA" infernational
Journal of Refrigeration, pp. 224.228. .

The Air Conditioning, Heating, and Refrigeration News. 1988,
October 3, p. 1. : ,
United Nations Environmental Programme. 1 98r, Munéy?g‘prq i

focal on substances that deplete the azone layer

 Wells, W.D E. [. du Pont de Nemours and Go. (pérsonal

communication), '
wu'tr&nn, DR, and Basu, R.S. 1988 "Thermodynarmic pmpg:aﬂ
a new stratospherically safe working fluid-refrigerant 134" -
ASHRAE Transactions, Vol. 94, Part 2. e



	01.pdf
	02.pdf
	03.pdf
	04.pdf
	05.pdf

