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(57) Abrégée/Abstract:
A refrigerant composition which Is suitable as a substitute for conventional refrigerant R12 In a vapour compression system

employing a centrifugal compressor, comprises a mixture of tetrafluoroethane and at least one additional refrigerant. The
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(57) Abrege(suite)/Abstract(continued):

refrigerant mixture has a vapour density which renders it suitable for use as an R12 replacement in a centrifugal compression
refrigeration system. The molecular weight of the mixture approximates 121. Preferred mixtures include 67 wt.% tetrafluoroethane
and 33 wt.% octafluoropropane; 69 wt.% tetrafluoroethane and 31 wt.% octafluorocyclobutane; and 66 wt.% tetrafluoroethane and
34 wt.% heptafluoropropane. Refrigeration effect and coefficient of performance are similar to R12.
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(87) Abstract

A refrigerant composition which is suitable as a substitute for conventional refrigerant R12 in a vapour compression system employing
a cenfrifugal compressor, comprises a mixture of tetrafluoroethane and at least one additional refrigerant. The refrigerant mixture has a
vapour density which renders it suitable for use as an R12 replacement in a centrifugal compression refrigeration system. The molecular
weight of the mixture approximates 121. Preferred mixtures include 67 wt.% tetrafluoroethane and 33 wt.% octafluoropropane; 69 wt.%
tetrafluoroethane and 31 wt.% octafiuorocyclobutane; and 66 wt.% tetrafiluoroethane and 34 wt.% heptafiluoropropane. Refrigeration effect |
and coefficient of performance are similar to R12.
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CENTRTIFUGAL COMPRESSION REFRIGERANT COMPOSITION
=t St Ty LE ROl YN SEIRIGERANT COMPOSITION

FIELD OF THE TINVENTION

The present invention relates to a refrigerant composition
for use as a refrigerant R12 replacement in a vapour
compression refrigeration system employing a centrifugal

compressor, and which is of good environmental acceptability.

BACKGROUND

Chlorofluorocarbon (CFC) gases, such as refrigerant R12
(CCl,F;) , have been used for many years as refrigerants and are
especially used in domestic refrigerators and vehicle air
conditioning systems. However, there 1is now considerable
concern that these CFC gases are involved in the reduction of
stratospheric ozone 1levels and this has led to proposed
restrictions and prohibitions on certain CFCs.

A range of less environmentally damaging replacement
refrigerants have been proposed and are being utilised. One
such replacement refrigerant which is being used to replace R12
is tetrafluoroethane R134a, (CH,F.CF;) which has properties very
similar to R1l2 in terms of pressure-temperature relationship
and refrigerating effect. Provided the correct lubricant is
used, R1l34a is a good substitute for R12 in systems using
positive displacement compressors. However, this is not the
case 1n refrigeration systems which employ centrifugal
compressors.

In a refrigeration system which employs a centrifugal
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compressor, the pressure required to condense the refrigerant
is produced by dynamic means in a rotating impeller. The
rotating impeller produces a pressure proportional to: a) the
vapour density of the refrigerant, which is in turn
proportional to the molecular weight of the refrigerant; b) the
radius of the impeller; and c¢) the square of the rotational
speed.

The molecular weilght of R12 is 121 and the molecular
welight of R134a is 102. Thus, while the condensing pressures
©f R1l2 and R1l34a are similar, it is clear that a centrifugal
compressor designed to operate on R1l2 will not produce
sufficient pressure to condense Rl134a at the design
temperatures required. Tfpically this has been overcome by
changing the impeller dimensions and increasing the rotational
speed of the impeller to compensate for the reduced molecular
weight of R134a. However this is an expensive procedure.

It i1s an object of the present invention to provide a
refrigerant composition which mitigates the above disadvantage,
and provides a refrigerant composition suitable for use as an
Rl2 replacement 1n a centrifugal compression refrigeration
system without substantially changing the impeller or the
rotational speed.

Blends of large numbers of refrigerants are disclosed in
WO92/01762 but the problems addressed by the present invention
are‘not consildered.

SUMMARY OF THE INVENTION

According to the present invention there is provided a

refrigerant composition which comprises a mixture of
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tetrafluorcethane and least one additional refrigerant, wherein
the refrigerant mixture has a wvapour density which renders it
suitable for use as a refrigerant R12 replacement in a
centrifugal compression refrigeration system.

A further aspect of the present invention provides a
centrifugal compression method of refrigeration which employs
the composition as a refrigerant medium.

A still further aspect provides a vapour compression
refrigeration apparatus having a centrifugal compressor, which
employs the composition as a refrigerant medium.

In order to allow the composition to be used as a
replacement for refrigerant R12 in a centrifugal compression
refrigeration system, the refrigerant mixture reguires to have
a combined molecular weight of refrigerants in the refrigerant
composition approximating to 121, which is the molecular weight
of R12. Mixtures of vapours generally behave as a single
Substance having a molecular weight dependent on the mole
fractions of the components of the nmixture. Thus, 1t 1is
possible by adding appropriate proportions of higher molecular
welght additional refrigerant, to provide a refrigerant
composition mixture with any suitable combined molecular
weiéht.

One of the refrigerants is tetrafluoroethane, usually in

i1ts isomeric form R134a (CH,F.CF; - 1-fluoro-2-trifluoroethane).
Generally R1l34a forms the bulk or major component of the
mixture, with the additional refrigerant or refrigerants

forming a lesser amount. Typically Rl1l34a comprises 40-95%,

especially 50-90%, and more especially 60-70% by welight orf the
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mixture.

The molecular weight of R134a is 102. Thus, 1t 1is
necessary to add appropriate proportions of higher molecular
weight refrigerants in order to provide a refrigerant mixture
with a combined molecular weight approximating to 121.

Particularly preferred additional refrigerants for use in
combination with R1l34a are octafluoropropane (R218),
heptafluoropropane (R227ea or R227ca) and octafluorocyclobutane
(C318). R218 has a molecular weight of 188, R227 has a
molecular weight of 170, and C318 has a molecular weight of
200. Typically the octafluoropropane or heptafluoropropane may
be present in an amount of up to 40%, typically up to 30% by
weight (e.g. up to 25%). The octafluorocyclobutane may be
present in an amount of up to 40% (e.g. up to 35%) and a
preferred range is 30-40% by weight.

Heptafluoropropane (R227) exlsts as two isomers CF,;.CHF.CF,
(R227ea) and CF,.CF,.CHF, (R227ca).

While it is desirable to provide a refrigerant composition
with the combined molecular weights of refrigerants in the
composition approxiimating to that of R1l2 (namely, 121), the
skilled man will appreciate that other refrigeration factors
such as changes in required condensing pressure and differences
in boiling temperatures between the refrigerants, need also to
be considered.

For example, a refrigerant composition comprising a
mixture of 67% Rl34a and 33% R218 will have a combined

refrigerant molecular weight of about 121 (the same as R12).

Ssuch a mixture will therefore behave 1in a centrifugal
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compression refrigerating systemn, in terms of ©pressure
produced, exactly as if it were R12 alone. However the

addition of R218 will cause increases in the required
condensing pressure and also the boiling of the mixture will
result in a vapour fraction richer in R218 than in the liguid
refrigerant mixture. Thus, 1t has been found that a
refrigerant composition comprising a mixture of 80% R134a and
20% R218 (molecular weight 112) would provide a nearer
approximation to the behaviour of R12 in a centrifugal
refrigeration system and is therefor more appropriate.

Correspondingly, a refrigerant composition comprising a
mixture of about 66 wt% R134a and 34 wt% R227 wlll have a
combined molecular weight of about 121.

In a further example, a particularly preferred refrigerant
composition which comprises a vapour refrigerant mixture of 69%
R134a and 31% C318 would also have a combined refrigerant
molecular weight of about 121. C318 condenses at pressures
significantly lower than that of R12 and does not raise the
condensing pressure as much as additions of R218. However in
the resulting mixture, the Rl134a tends to boil off
preferentially with the result that the mixture needs to be
more rich in C318 to provide an appropriate pressure-
temperature relationship for the ‘refrigerant mixture being
evaporated.

Generally speaking the refrigerant composition has a
combined molecular weight of the refrigerants in the

composition of 111 to 131, more preferably 116-126 and most

preferably 115-123.
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The boiling point of the additional refrigerant(s) should
be close to that of Rl34a (bp - 26°C) to minimise fractionation

of the composition on boliling, and is generally in the range -

-5°C to -40°C. Boiling points are as follows:

R218 -36.5

R227ea -18°C

R227ca =17°C

C318 - 6°C

In order to provide a refrigerant composition of suitable
properties, it may be desirable to include two or more
additional refrigerants. This allows finer percentage
modifications of each of the refrigerants in the mixture, such
that the mixture may produce a vapour which has a similar
molecular weight to that of the liquid and other desirable

properties are maintained.

According to a particular embodiment of the present
invention there is provided a refrigerant composition suitable
for use as an R1l2 replacement in a centrifugal compression

refrigeration system, which comprises a mixture of the

following components:
1) 50 to 90 wt % tetrafluoroethane (R134a);

1i) 1 to 40 wt % octafluorocyclobutane (C318)

and optionally upto 30 wt % octafluoropropane (R218)

and/or heptafluoropropane (R227).
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TAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Embodiments of the invention will now be described by way
of example only with reference to the drawings wherein:

Figure 1 shows a comparison of vapour pressures of a

composition RX5 (invention) with conventional refrigerant

R12 (comparison);

Figure 2 and 3 gives a comparison of refrigerating effect

and coefficient of performance for composition RXS

(lnvention) and refrigerant R12 (comparison) condensing at

+40°C;

Figures 4 and 5 give a comparison of refrigerating effect

and coefficient of performance for composition RXS

(invention) and refrigerant R12 (comparison) condensing at

+55°C.

Figure 1 shows the variation of vapour pressure with
temperature for composition RX5 and conventional refrigerant
R12. RX5 1is a composition according to the present invention
comprising R134a and C318 in the following proportions by
welght:

Rl1l34a — 69.3
C318 = 30.7
(combined molecular weight approximately 121)

The data was obtained using methods well known to the
skilled man. Basically, a fixed amount of refrigerant was
placed 1in a sealed volume and heated to the specified
temperature. The pressure was then noted. It can be seen that
the pressure-temperature curve for RX5 (invention) shown by a

full 1line closely approximates that for conventional R12
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(dotted line). Thus, the behaviour of RX5 under compression
should closely approximate that of R12.

Figure 2 1s a comparison of refrigerating effect
(kilowatts) for RX5 (invention) and conventional refrigerant
R12. The data shows the variation of refrigerating effect with
respect to evaporating temperature at a calorimeter condensing
temperature of +40°C. Over the whole temperature range, the
refrigerating effect of RX5 (invention) approximates that of R12.

Figure 3 shows a comparison of the variation of
coefficient of performance (C.0.P.) with evaporating
temperature for RX5 (invention) and conventional refrigerant
R12 at a calorimeter condensing temperature of +40°C.

Figures 4 and 5 show analogous comparisons of
refrigerating effect and coefficient of performance
respectively, at calorimeter condensing temperatures of +55°cC.

The refrigerating effect (Figures 2 and 4) of the
refrigerant is measured using a calorimeter and methodology as
described in "Automatic Calorimeter for Mixed Refrigerants"
S.F. Pearson, 19th International Congress of Refrigeration
1995; Proceedingé Volume IVa. This measured data is used to
determine coefficients of performance (Figures 3 and 5).

Briefly the refrigerating effect was determined by
measuring the electrical input to a secondary refrigerant
calorimeter. The refrigerant under test is compressed using a
compressor in a vapour compression system. The refrigerant is
condensed 1n a water cooled condenser at a selected condenser
temperature (40°C or 55°C). From the condenser the 1liquid

refrigerant 1is passed through an expansion valve and the
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evaporating temperature downstream thereof is noted. The
evaporating temperature may be varied by varying the amount of
refrigerant charged into the systemn. The associated
refrigerating effect produced is measured in the secondary
refrigerant calorimeter, wherein the required electrical input
to counter-balance the refrigerating effect produced is
measured (kw).

It can be seen that the refrigerating effect and
coefficient of performance relationships for RXS (invention)
and conventional refrigerant R12 are closely similar. Thus the
refrigerant of the present invention can be substituted for R12
in existing refrigeration equipment without substantial change
in systems employing either reciprocating or centrifugal

cCompressors.
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CLAIMS:

1. A method of using a two-component refrigerant composition in a centrifugal
compression refrigeration system specifically designed to use refrigerant R12, the method
comprising:

providing a mixture of 40-70 weight percent 1,1,1,2-tetrafluoroethane (R134a) and
the balance being selected from a group consisting of heptafluoropropane and
octafluorocyclobutane; and |

introducing said two-component composition into a centrifugal compression

refrigeration system designed to use refrigerant R12.

2. The method of claim 1 further comprising the step of removing an existing quantity of
refrigerant R12 from said centrifugal compression refrigeration system and replacing it with a

corresponding quantity of the two-component refrigerant composition.

3. The method of claiam 1 further comprising the step of providing the R134a in an

amount between 50-70 weight percent.

4. The method of claim 1 further comprising the step of providing the

heptafluoropropane in an amount up to 40 weight percent.

S. The method of claim 1 further comprising the step of providing the
heptafluoropropane as CF;CHF.CF; (R227ea).

6. The method of claim 1 further comprising the step of providing the R134a at 66

weight percent and the heptafluoropropane at 34 weight percent.
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