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REFRIGERANT COMPOSITIONS AND USBE THEREQF

The present invention relates to a refrigerant composition and more particularly a refrigerant

composition comprising 1, 1-dilfucrcethylens (R-1132a), which is suitable for use as a

refrigerant in liguid chiller systems, such as in liquid chiller systems which are incorporated into

or are thermal management systems of vehicles, aspecially electric vehicles.

The listing or a discussion of a prior-published document or any background in the specification
should not necessarily be {aken as an acknowledgement that a document or background is

part of the stale of the art or is common general knowledge.

Unless otherwise stated, it is o be undarsiood that the term “electric vehicle” as used herein
refers to both purely electric vehicles as well as vehicles which use electricity as one of several

means of propuision, such as hybrid vehicles,

The simple vapour compression cycle used for air-conditioning in internal combustion engins
(ICE} vehicles is conventionally arranged with warm air being cooled and dehumidified by
flowing in cross-flow over an evaporator heat exchanger in which the refrigerant evaporates
inside the tubes of the evaporator. Similarly, heat is rejectad outside the vehicle by flowing
external air in cross-flow over the fubes of the condenser and condensing refrigerant inside
the tubes. The air flowing over the evaporator drops in temperature and the air flowing over

the condenser increases in temperature,

i this geometry, the refrigerant evaporation femperature must be below that of the air for heat
axchange o cccur in the evaporator; at the same tims, it must be above that of the air for heat
exchange to ocour in the condenser. This is shown in Figure 1 for a single component
refrigerant (or equivalently an azeotropic or nearly-azeotropic mixed refrigerant). In any real
heat exchanger, there is a minimum economic temperature difference between hot and cold

fluids, termed the "approach temperature” or “approach’”, as shown in Figures 110 3.

A non-azeotropic refrigerant used in the crossflow arrangement must aiso obey these
constraints. However, in this case, the siluation is made more complex by the existence of
“temperature glide” (a phenomenon that a non-azeotropic refrigerant’s temperature increases
as it evaporates and decreases as it condenses). The total temperature change in evaporation
or condensation is the temperature glide. This means that in an extreme case of pure
crossflow, the refrigerant dewpoint temperature in the evaporator needs {o be below the

temperature of air leaving the svaporator, and the refrigerant bubble point in the condenser
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needs {0 be above the air temperature. This situation is shown in Figure 2. Itis evident from
inspaction of Figures 1 and 2 logether that itis possibie for the combined effect of temperature
approach and glide to result in average svaporating and condensing temperatures for the non-
azeotropic refrigerant that are quite different than would be the case if the fluid had no glidse.
This has the effect of penalizing the performance of the refrigerant relative to a fuid with no

glide.

increasingly, in electric vehicles (whether pure battery electric vehidles (BEV) or hybrid
vehicles (HEV)), the gir-conditioning system arrangement common to ICE is being supplanted
or augmented by use of liguid coolant loops fo recover waste heat from components that need
cooling, notably the drivetrain batlery, but also other alectronic components. There are many
configurations possible, ranging from a conventional air-conditioning system which also can
feed refrigerant to a “chiller” to remove heat from the coolant loop, to an air-conditioning system
that can be run in reverse as a heat pump to warnm a passenger cabin, 1o a full “secondary
loop” configuration.  In the latter, the refrigerant is no longer used directly to warm or codl
passenger air bul instead is used (o move heat between a reservoir of hot liquid and cold liquid;

this allows use of the hot and cold liquids to heat/cool the passenger cabin air.

While the architectures are varied, a common feature of such thermal management systems
involving secondary liquid heat transfer fuid circuits is that the heal exchangers for moving
heat between refrigerant in the chiller system and the hot and cold fiquids will be arranged so
that the fluids are in counter-current flow. The effect of this arrangement is shown in Figure 3
for a non-azeotropic refrigerant (Figure 1 is still valid for refrigerants with no glide). i can be
seen that in this arrangement, the glide now will have no adverse sffect on performance.
Furthermore, the average evaporaling temperalure can rise {relative {o that of a fluid with no
glide) and the average condensing temperature can fall {relative to that of a fluid with no glide).
This means that the glide allows the refrigerant cycle to operate over a lower temperature
range than the fluid with no glide and, consequently, fo gain in relative capacity and snergy

efficiency.

it is an object of the present invention o addresses the above deficiencies.

According o a first aspect of the present invention, thers is provided a use as a refrigerant of

a composition comprising 1, 1-diffluorcethylens (R-1132a) in a liguid chilier system.

The present inveniors have unexpeciedly found that compositions comprising 1,1-

dilfuoroehtylene (R-1132a) (and especially the compositions comprising R-1132g,
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difftuoromethane (R-32) and 2,3,3 3-etrafiuoropropene (R-1234yf)) can explait their
femperature glide fo benefit in performance in liquid chiller systems {(particularly the lauid
chiller sysiems comprising one or more counier-flow heat exchangers) when compared to R-
1234yf or binary mixiures of R-32 and R-1234yTf used in similar systems. Particularly useful
applications of the liguid chiller systems utilising such compositions include thermal

management systems of vehicles, especially those of electric vehicles.

Liquid chiller systems which employ a vapour-compression cycle are known in the art. When
used in such liquid chiller systems {particularly the liquid chiller systems comprising one or
more counter-flow heat exchangers), the compositions disclosed herein exhibit superior
refrigeration performance as compared {0 R-1234vf or binary mixiures of R-1234yf and R-32
{e.g. R-454C).

Specifically, the performance of the compositions disciosed herein is markedly improved when
the compaositions are used in a liquid chiller system emploving a counter-flow heat exchanger
geometry as compared {o a cross-flow geometry. This is in direct contrast to the corresponding
use of R-1234yf and binary compositions of R-1234yf and R-32 {&.g. R-454C), wherein such
an improvement is not observed (in the case of R-1234yH or is not substantial {in the case of
R-454C).

in the use of the present invention, the composition typically comprises a second component
selected from difluoromethane (R-32), 2,3,3 3-tetrafluoropropena (R-1234vf), frans-1,3,3,3-

teirafluoropropene (R-1234ze(E)), 1, 1-difluoroethane {(R-152a) and mixiures thereof.

Conveniently, the composition comprises at ieast about 1 or about 1.5 weight % R-11323, such
as least 2 weight %, such as at least about 3 or about 4 weight %, for exampie at least about

5 weight %.

Advantagsously, the composition comprises from about 1 10 about 20 weight % R-1132a, such
as from about 2 to about 15 weight %, for example from about 3 to about 12 weight %,

optionally from about 4 {0 about 9 weight %

Typically, the second component is present in the composition in an amount from about 80 o
about 89 weight %, such as from about 85 to about 88 weight %, for example from about 88

to about 897 weight %, optionally from about 91 to about 86 weight %.
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Advantageously, the second component is R-32 and/or R-1234yf, preferably wherain the

second componeant is R-32 and R-1234vf

Conveniently, the R-32 is present in the composition in an amount of from about 1 o about 30
weight %, such as from about 2 to about 25 weight %, for example from about 3 to about 21

weight %, oplionally from about 4 to about 19 weight %.

Typically, the R-1234yf is present in the compaosition in an amount of about 50 to about 98
weight %, such as from about 55 1o about 97 weight %, for example from about 80 to about 96
weight %, optionally from about 85 o aboul 85 weight % or from about 70 to about 84 or about

92 weight %.

Conveniently, the composition comprises from about 1 to about 20 weight % R-1132a, from
about 1 to about 30 weight % R-32 and from about 50 to about 98 weight % R-1234yf, such
as wherein the composition comprises from about 2 {0 about 15 weight % R-1122a, from about
2 1o about 25 weight % R-32 and from about 60 to about 86 weight % R-1234vf, for exampls
wherein the composition comprises from about 3 {0 about 12 weight % R-1132a, from about 3
fo about 21 weight % R-32 and from about 67 1o about 84 weight % R-1234y{, optionally
wherein the composition comprises from about 4 to about @ weight % R-1132a, from about 4
to about 19 weight % R-32 and from about 72 © about 92 weight % R-1234yf.

in the use of the present invention, the composition is advantageously a non-azsotropic

composition,

it is believed that the compositions disclosed herein exhibit a completely unexpecied
combination of lowmon-flammability, low GWP, improved lubricant miscibility and improved
refrigeration performance properties in the claimed use, liguid chiller system and thermal

management system. Some of these properties are explainad in more detail below.

The compositions of the present invention have zero ozone depletion potential,

Conveniently, the compasition has a Global Warming Potential (GWP) of less than about 300,

such as less than about 200, for example less than about 150,

Flammability may be determined in accordance with ASHRAE Standard 34 {e.g. ASHRAE
Standard 34:2019) incorporating the ASTM Standard E-681, the entire content of which is

incorporated hergin by reference.
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in one embodiment, the compositions have one or more of {a) a higher lower flammabile limit;
(b} a higher ignition energy {c} & higher auto-ignition temperature; or {d} a lower buming
velocity compared to R-1132a alone.

Preferably, the compositions of the invention are less flammable compared to R-11323 in one
or more of the following respects: lower fammable limit at 23°C; lower Hammable limit at 80°C;
breadth of flarmmmable range at 23°C or 80°C; auto-ignition temperature (thermal decomposition
femperature); minimum ignition energy in dry air or burning velocily, The flammable limits and
burning velocity being determined according to the methods specified in ASHRAE-34 and the
auto-ignition temperature being determined in a 500m! glass flask by the method of ASTM
E659-78.

Typicaily, the composition is classified as “weakly flammable” (Class 2L} in accordance with
ASHRAE Standard 342012 or iSO Standard 817,

Advantageously, the composition as formulated has a laminar burning velocity of less than

about 10 cm/s, such as less than about 7 om/s, for exampie less than about 5 om/s.

The compositions disciosed hersin are typically compatible with all classes of ubricants
currently used with established HFC refrigerants. They may be optionally stabilized or

compatibilized with mineral cils by the use of appropriate additives.

Typically, in the use of the pressnt invention, the composition is combined with a lubricant.

The lubricant is conveniently selected from of mineral oil, silicone oil, polyalkyl benzenes
(PABs), polyol esters (POESs), polyaikylene glycols (PAGS), polvalkylene glycol esters (PAG
esters), polyvinyl sethers (PVEs), poly {(alpha-olefins) and combinations thersof, preferably

whersein the lubricant is selected from FAGs, FOEs and mixtures thereof.

Typically, the composition has a cosfficient of performance (COP) which is higher than that of
R-1224yf or R-454C.

Conveniently, the composition has a volumetric cooling capacity which is higher than that of
R~1234yf or R-454C.
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in one embodiment, the composition may consist essentially of the stated components. By the
ferm “consist essentially of, we include the meaning that the compositions contain
substantially no other components, particularly no further (hydroj{(fiucrojcompounds {e.g.
(hydro){fluoro)alkanes or (hydro)(fluoroialkenss) known to be used in heal transfer

compositions. The term “consist of” is included within the meaning of “consist essentially of”.

in an embodiment, the compositions are substantially free of any component that has heat
fransfer properties (other than the components specified). For instancs, the compositions of

the invention may be substantially free of any other hydrofiuorccarbon compound.

In one embodiment, the compositions contain substantially no trifluoroicdomethane (CF0).

By "substantially no” and “substantially free of’ we indlude the meaning that the compositions
contain 0.5% by weight or less of the staled component, preferably 0.4%, 0.3%, 0.2%, 0.1%

or less, based on the loftal weight of the compositions.

As used herein, all % amounts mentionad in the compositions herein, including in the claims,

are by weight based on the {otal weight of the composition, uniess otherwise stated,

By the term “about”, as used in connection with numerical values of amounts of component in

% by weight, we include the meaning of £ 0.5 weight %, for example £ 0.2 weight %,

For the avoidance of doubi, it is to be understood that the staled upper and lower values for
ranges of the amounts of components in the compositions disclosed herein may be
interchanged in any way, provided that the resulting ranges fall within the broadest scope of
the invention.

The compositions may be preparsd by simply mixing the R-1132a and the oplional

components, such as the second component (e.g. R-32 and R-1234vyf) and/or a lubricant.

All of the chemicals described herein are commercially available. For example, the

fluorochemicals may be obiained from Apolio Scientific (UK.

In the use of the present invention, the compositions are used as refrigerants in g liquid chiller

system. Scme of the preferred Teatures of the liquid chiller system are discussed below.
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Advantageously, the liquid chiller system comprises at least one counter-flow heat exchanger

for exchanging heat between the refrigerant and the liguid.

The counter-flow heat exchanger allows the refrigerant and the liquid o flow in a counter-
current flow relative 1o each other when the refrigerant and the liquid pass through the counter-
flow heat exchanger. This is in contrast {o a cross-flow heat exchanger, inwhich the Hquid and
the refrigerant flow roughly perpendicularly to each other when passing through the heat

axchanger.

Typically, the liquid chiller system utilizes a vapour compression refrigeration cycle.

Conveniently, the at least one counter-flow heat exchanger comprises at least one compact-
plate type counter-flow heat exchanger.

Advantageously, the Hquid chiller sysiem is a water chiller system or a water/glycol
chiller system.  Typically, the glveol can be ethylene giycol or propyiene glycol
{(propane-1,2-dicl). The liquid emploved in the liguid chiller system may also be a synthetic
hydrocarbon fluid, a silicone-based fiuid or wholly or partially fluorinated fluid, for example
a fluorinated ether or ketone.

Optionally, the liquid chiller system is a secondary loop liquid chiller system.  In such
systems, the refrigerant is used fo fransfer heat between “cold” and “hot” loops containing
the liguid circudated in the liguid chiller system. It may also be used {0 provide direct cooling

of the battery in paraliel with providing conventional air-conditioning cooling.

Preferably, the liquid chiller system is incorporated into or is a thermal management system of
a vehicle, preferably a thermal management system of an electric vehicle. Conveniently, the

thermal management system of a vehidle is a heat pump andfor air-conditioning system.

Conveniently, the liquid chiller system is a liquid chiller sysiem adapted for heating and/or
cooling a battery and/or a passenger cabin of a vehicle, preferably of an slectric vehicle. For
sxamptle, the liguid chiller system may be adapted for cooling and/or healing the passengsr
cabin of a vehicle and may be adapted for cooling the batlery of a vehicle. The liquid chiller
system may aiso be adapled for cooling other sources of potentially useful waste heat such

as power elgctronics, instrument displays or braking systems.

~
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in a second aspect of the present invention, there is provided a liguid chiller system comprising
at least one counterflow heat exchanger for exchanging heat between a refrigerant
composition and the liquid, said at least one counter-flow heatl exchanger allowing the
refrigerant compaosition and the liquid to flow in g counter-current Row relative to each other
when the refrigerant composition and the liguid pass through the counter-flow heat exchanger,
wherein the refrigerant composition is a composition comprising 1, 1-difluoroethylene (R-
11328) and, optionaily, a second component selectad from diffuoromethans (R-32), 2,3,2,3-
tetraflucropropene (R-1234yhH,  frans-1,3,3,3-tetrafluoropropens . {(R-1234ze(E)),  1,1-
diffuorosthane (R-152a).

it is to be undersiood that the preferred and optlional features disclosad in respect of the first

aspect of the invention shall analogously apply 1o the second aspect of the present invention.

Conveniently, the liguid chiller system is incorporated into or I8 a thermal management system
of a vehicle, preferably a thermal management system of an electric vehicle. The thermal

management system of a vehicle is typicaily a heat pump and/or air-conditioning system.

Typically, liguid chiller system is g liquid chiller system adapted for healing andfor cooling a
battery andior a passenger cabin of a vehicle, preferably of an electric vehicle. For example,
the liquid chiller system may be adapled for cooling and/or heating the passenger cabin of a
vehicle and may be adapted for cocling the ballery of a vehicle. The liquid chiller system
may also be adapted for cooling other sources of potentially useful waste heatl such as

power elecironics, instrument displays or braking systems.

According to a third aspect of the present invention, there is provided a thermal management
system of a vehicle comprising a liquid chiller system comprising at least one counter-flow heat
exchanger for exchanging heat between a refrigerant composition and the liquid, said counter-
flow heat exchanger allowing the refrigerant composition and the liquid {o flow in a counter-
current fow relative {o each other when the refrigerant composition and the liquid pass through
the counter-flow heal exchanger, wherein the refrigerant composition is @ composition
comprising 1, 1-difluorosthylene (R-1132a) and, optionally, a second component sslectad from
diffuoromethans {(R-33}, 2,3,3,3-tetrafluoropropens (R-1234yH, trans-1,3,3,3-
tetrafluoropropene (R-1234ze(E)), 1,1-difluorosthane (R-1523), preferably whersin the vehicle

is an eleciric vehicle,
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it is to be understood that the preferred and optional features disclosed in respact of the first
and second aspects of the invention shall analogously apply to the second aspect of the

present invention.

Conveniently, the liquid chiller system is a liquid chiller system adapted for heating and/or
cocling a battery and/or a passenger cabin of a vehicle. For example, the liquid chiller system
may be adapted for codling and/or heating the passenger cabin of a vehicle and may be
adapted for codling the battery of a vehicls. The liquid chiller system may also be adapted
for cooling other sources of polentially useful waste heal such as power electronics,

instrument displays or braking systems.

Typically, the thermal management system further comprises at least one of the following: a
vapor injection system, a high side receiver and/or a low side accumulator for storing the
refrigerant composition.

The invention is illustrated by reference o the following non-limiting Figures, in which:

Figure 1 shows the temperature changes in heat exchangers for a single refrigerant or an

azeotropic refrigerant.

Figure 2 shows the temperature changes in cross-flow heat exchangers for a non-azeotropic

refrigerant.

Figure 3 shows the temperature changes in counter-flow heat exchangers for a non-azeotropic

refrigerant.

The invention is illustrated by the following non-limiting exampies.
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EXAMPLES

A thermodynanic model of the R-1132a/R-32/R-1234yf fluid system was built using the Span-
Wagner equation of stats as implemented in NIST REFPROPS.1 software. A pure fluid mods!
for R-1132a was derived by measuring is vapour pressure from bailing point {o critical point,
determining the crifical point, measuring compressed liquid and vapowr densities and
measuring enthalpy content and heat capacity of the fluid in liquid and vapour states. Next,
the vapour-liquid squilibrivm behaviowr of the binary mixtures of R-1132a with R-32 and R-
1234yf was measured using constant-volume apparatus 1o measure the vapour pressure of a
series of binary compositions over a range of temperatures and pressures from about -50°C
to +70°C. These data were then regressed to provide binary interaction parameters suitable
for use in modelling performance of termary mixtures as refrigerants using standard cycle

maodelling techniques.

Subsequently, two refrigeration/heat pump cycle models were constructed in Microsoft Excsl,
linked to the REFFROP software o provide thermodynamic property data for the mixtures. In
one model the heat exchanger geomelry was assumed {0 be pure cross-flow, with & minimum
temperature approach constraining the refrigerant phase change temperatures as shown in
Figure 1 (for a fluid with zero glide) and Figure 2 (for the fluids with glide). In the other modsl!
the heat exchanger geomelry was assumed {o be counter-current flow so that the same
minimum {emperature approach was used but was implemented {o constrain phase changs
temperatures as shown in Figure 3. The performance of R-1234yf and a selected compaosition
R-1132a/R-32/R-1234yf (8%/20%/74% by weight) was then simulated in both models and the
results were compared. As @ comparative exampie, the performance of refrigerant R-454C
(R-32/R-1234yf in proportions 21.5/78.5%) was also simulated. This refrigerant has a similar

GWR to the ternary composition but has a smaller temperature glide.
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The following cycle input conditions were assumed for the modelling:

Target cooling capacity 5

temperature approach in evaporator K 3

temperature approach in condenser K 3

Condenser glycol inlet temperature °G 35

Condenser glycol temperature rise K 10

Evaporator glycol inlet temperature °C 15

Evaporator giveo! ternperature drop K 8

Condenser subcooling K 3.0

Evaporator superheat i 1.0

Evaporator prassure drop bar .50

Suction line pressure drop bar 4.30

Condenser pressure drop bar .30

Compreassor suction superhaat K 18.0

Isentropic efficiency 65.0%

Tabie 1. Cyoie input conditions
The modslling results are shown in Tables 2 and 3 below:
Tabie 2 Units | R1234yf R1132a/RIZR1234yF R454C
Summary Results - Crossflow 6/20/74%

Cooling COP 2.35 2.18 2.38
Volumetric cooling capacity kJim? 1518 2724 2840
Compressor suction pressure bar 2.81 542 5.04
Comprassor discharge pressure har 12.4 238 20.8
Pressure ratio 4 42 4.38 4.14
Compressor discharge temperaturs °C 70.4 92.1 87.8
Compressor displacement mdfhr 11.@ 8.6 6.8
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Table 3 Units | R1234yf R1132a/R32M1224yf R454C
Summary Resuits - Counterflow BI20/T4%
Cooling COR 2.35 3.67 3.41
Volumetric cooling capacity kJ/m® 1518 4018 3483
Comprassor suction pressure bar 2.81 6.88 595
Compressor discharge pressure bar 12.4 19.14 17.81
Pressure ratio 447 278 2.99
Compressor discharge temperature °C 704 761 78.2
Compressor displacement m¥hr 11.8 4.48 520
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From the performance data, it can be seen thal sithough the change in heat exchanger

geometry does not affect the performance of R1234yf, it makes a significant difference to the

performance of the temary compaosition selected to iflustrate the use of the invention.

n crossflow, the selected blend exhibits slightly reduced COP compared to R-1234yf.

However, in counter-flow, it exhibils significantly enhanced COP, reduced compressor

displacement, reduced compression ratio and reduced compressor discharge temperaturs.

Furthermore, it can be seen from the performance data that although R-454C gains some

performance benefit when used in conjunclion with a counter-flow heat exchangsr as

compared o cross-flow heat exchanger, it does not gain as much as does the fernary

composition.
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