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Abstract : Theautomotive industry is currently using R134a as the refrigerant. It was introduced as a replacement of R12 as it
had no chlorine content, and so did not harm the ozone layer. However, it has a very high global warming potentialo Efforts t
reduce green hgse gas emissions, guided by Kyoto Protocol have led to search for an alternative refrigerant. The various possible
alternatives that have been researched so far have been discussed here and keeping in mind the requirements of environmental
concern and pdormance of automobile AC system R1234yf and R436a were selected for our analysis.The thermodynamic system
level performance was tested using EES and REFPROP software. The results indicated that R1234yf and R436a can match the
performance of R134a by addnal superheating and subcoolingurther, the vehicle level testing of R1234yf was done at Subros

in their wind tunnel lab. Vehicle Cool down test was conducted and the results showed that with R1234yf as refrigeramiugime mi
temperature that could beeached was about € higher than with R134a. But the suction pressure was higher and discharge
pressure was lower, which was beneficilus, it was concluded that considering the advantages as well as current implementation
issues both are feasible lepement options.
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I.  INTRODUCTION 5) High thermal conduétity to compact evaporator and
The automobile air conditioning system works on vapour condenser.
compression refrigerationycle. Currently tetraflouroethane,  6) Nonflammable, norexplosive, nortoxic and non
R134a is beingised as the refrigerant. R13dplaced R12 corrosive.
in late 1995 due to concerns over R12's effect on the ozone 7) High miscibility with lubricating oil
layer. Butbecause of its high global warming potential, 1, 1, 8) High COP in thevorking temperature range.
1, 2tetrafluoroethane has to beplaced soon, starting with ~ 9) Compatible with legal requirement
cars in 2011 and phasing towcompletely by 2017. 10) Availability and cost
Tetrafluoroethane (R134a) is a hgluorocarbon or HFC
compoundgcomprising oftwo atoms écarbon, two atoms of Environmental concerns

hydrogenand four atoms of fluorine. Its chemidakmula is There are two major areas of concern of environmental
CF3CH2F. It is used primarily as a refrigerant for domestic concern[1].
refrigeration 1. Depletion of ozone layer Ozone layer protects the
and automobile air conditionerR134a has no chlorine earth from ultravioletrays.The ozone depletion
contentand hence zero ozoxepletion potential (ODP=0). potential (ODFR of a chemical compound is the
relative amounbf degradation to the ozone layer it
Refrigerant properties can cause, with reference tochlorofluoromethane
Irrespective of the size and efficiency of the individual (CFC-11) being fixed at an ODP of 1.0.
parts in the vapourompression circuit, a goadfrigerant 2. Global warming- Global warming is théncrease in
is one, ensuring the highest overeffectiveness of the global earth surface temperature due to the
systemRequired Properties of Ideal Refrigerant absorption of infrared emission from eashrface.
1) Low boiling point and Low freezing point. Global warming potential (GWP) is evaluated on a
2) Low specific heat and High latent heat. scale that uses CO2 as thench mark i.e. CO2 has
3) High critical pressure and temperature been assigned a value of GWP=1 and other
4) Low specific volume to raste the size of the componets are
compressor. compared to it.
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According to the Montreal Protocol 1987 [2], developing
countries like India, with ger capita consumption of less
than 0.3 kg of ozone depleting substances have be
categorized as artidde5 countries. These countries are
required to phase out athlorofluorocarbons (CFC) by 2010.
R12 has been replaced with R134a due toz#so ozone

depletion potential (ODP). In India, more than 80% of the
refrigerators arevorking with R134a as refrigerant due to its

material compatibility at safety

refrigeration units.

in small capacity

Table 1.1

Name of .
) Advantages Disadvantages
Refrigerant
coz ODP=0, GWP=I1 natural refrigerant, Requires extremely high
non-flammable operating pressure
NH3 ODP=0, GWP=0, natural refrigerant, easy | Toxic, flammable and not
to detect compatible with copper
HFC152a drop-in substitute for R-134a, GWP=130 Slightly flammable
Expensive & slightly
HFO1234yf drop-in substitute for R-134a, GWP=4
flammable
Near drop in substitute for R134a,
HFO1234ze Expensive
GWP=6
ODP=0, GWP less than 3 ,drop in
R436A Flammable, availability
substitute for R134a

However, the problem with R134a is that, it has a Global
Warming Potential (GWP)f 1300 with respect to Carbon his paper mainly focuses on the following replacements of
Dioxide. The Kyoto protocol [1] aims at phasing auft R1344

substances that will lead to global wangn The increased 1)
emission of R134a tthe atmosphere are steadily increasing
the concentration of green house gasedeais and mostly,

in an indirect way. Due to the above limitations, R134a

should bephased out soon

Generations of Refrigerants
Either or all of the 4 listed requirements are demanding
the invention of nevgeneration refrigerants one after

another [3].

= =4 —a A

Zero ozone depletion potential (ODP)
Low global warming potential (GWP)
Short atmospheric lifetime

High efficiency

2)

The fourgenerations included slightly overlapping periods as

given below:

+1830-1930s

* WHATEVER
WORKED

* CO2
= NH3
= S02
* HCs
+ H20

Possible replacements of R134a

* 1931-1990s
* SAFETY &
DURABILITY

* CFCs
* HCFCs
* HFCs
* NH3
* H20

= 1990-2010s

*0ZONE LAYER
PROTECTION

* HFCs
* HCs
* CO2
* NH3
* H20

4th GEN

* 2012
onwards
* GLOBAL
WARMING
* HFOs
* HCFOs
* HCs
= CO2
* NH3
* H20

Figure 1.1Generations of Refrigerants

* 2020s

*EFFICIENCY &

TRADE-OFFS
= CO2
* NH3
* H20

HFO-1234yf - The Society of Automotive Engéers
(SAE) has proposed 1, 1, 1;t&rafluoroethangHFC-
134a) to be best replaced by a new refrigerant HFO
1234yf (CF3CFCH2) inautomobile akconditioning
systems. It is being promoted as a possible -@mop
replacement for R34a in both new vehicleshd older
vehicles, should that beconmecessary in the future. It
has thermal characteristics that are very similar to R
134a,s0 no major modifications to the A/C system are
necessary. Also, it has a globahrming potential of
only 4, compared to 1300 fé&t-134a It would be easy to
changeto this substance as the existing refrigeration
system can be used with no or vesynple changes.
However, it will be more expensive.

R436a- R436a is a blend of two hydrocarbons, propane
(R-290) and isobutane (B00Oa) n the ratio of 56:44
percent by weight. The various features on account of
which it can beconsidered as a suitable replacement are
that it is safe and environment protective.dties not
deplete the ozone layer (ODP=0) and nearly zero GWP
(less than 3), éncecauses negligible greenhouse effect.
Since it has similar thermal performance to tb&tR-
134a, it is compatible with it. It can be used as a -inop
alternative refrigerant for HFC-134a refrigerating
systems without changing the compressor, heat
exchangeror lubricating oil. Also, it has 50% reduction
of charging amount with theame refrigerating system,
making it more economical.

Comparison Of Properties Of R1234yf And R436a With

R134a are natura!

R134a
Tablel.2Critical properties of R134a, R1234yf and R436A

The possible replacements for
refrigerants like carbon dioxide andmmonia, pure

hydrocarbonssuch as R600a and R600, binary anc

ternary hydrocarbon mixtures, HFC refrigerant (R152a),

PROPERTY R134a R1234yf R436A

Temperature 37421 K 367.85K 389.05K
Pressure 4.0593 MPa 3.3822 MPa 4.274MPa
Density 511.9 kg/m? 475.55 kg/m? 220.36Kg/m3

and hydrofluoroolefins (HFOs, e.B1234yf)
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Table13 Critical properties of R134a, R1234yf and R436A REFRIGERATING | COMPRESSOR
- - REFRIGERANT Cop
Refrigerant o Vapour . i Liquid _ EFFECT WORK
@ Vapour Liquid | Latent Density Quantity | Quantity mass Cooling
Evaporation Enthalpy | Enthalpy, | Heat, ke/m® of vapour, | of liquid, flow, Capacity, R134a 476376 206909 230234
ruration ki/kg ki/kg ki/kg % % ke/h kw
= R1234yf 3.4093 1.6353 2084821
R134a 398.78 200.4 198.38 | 14.58 41.99 58.01 98 5403.1
R1234yf 363.49 200.39 163.1 17.82 495 50.5 106.4 48193 R436A 900749 4427181 2.034588

Difference -17.8% | 22.2% 17.8% -12.94% 8.5% -10.8 %

R436A 568.58 | 200.36 | 368.22 | 6.4136 40.87 59.32 106.524 | 10895.6

Difference 85% | -56.01% -2.6% 2.25% 8.6% 85.7%

FromTable 13 we observe that the latent heat of R1234yf is
17.8% lower thanR134a, which means its performance
compared to R134a would be lower, as higherlatent heat,
higher is the coolingffect it can produce. Also, its vapour
density is22.2 % higher, which means vapour of R1234yf is
heavier, this has implications @ontainer storage and safety.
Whereas latent heat of R436A is 85% higher, which suggests
it can prove to be good alternave as it can produce same
amount of cooling as R134a but with lessprantity of 1)
refrigerant. The vapour density of R436A is also 56.01%
lower thanR134a.

RESULTS& DISCUSSIONS

Assumptions
A computational model was developed for arrying out the
energeticand exergetic analysis of the system using
engineering equation solver softwarehe properties of
pure and mixture refrigerants have been obtained from
refprop software version 9.0he input parameters as per
discussion with r&d team of subrobmited are as
follows:

Condenser exit temperaturg=b7.7 C
Evaporator exit temperaturg30.3 C
Degree of superheating in evaporator =10
Degree of Sulzooling in condenser=5C
Isentropic efficiency of compressor=70%
Volumetric efficiency ofcompressor= 65%
Compressor displacement=0.00461%sm

=A =4 =4 =A =4 A =

Thermodynamic Results
The comparative performance is evaluated for condenser
temperatures varyingetween 52.7C and 62.7 C, and
the evaporator temperature is varied betweed C and
6.3 C.the cop at57.7 C condenser temperature and
0.3 C evaporator temperature f®1234yf is 2.084 and
that for Ri36a is found to be 2.0345 while that ft34a
at same temperature conditions is 2.30234 as shown in
Table2.2

Table 2.2Comparative results of R1234yf, R48&nd R134a at
T,=0.3 C andT;=57.7 C

Table 2.3Comparative results of exergy analysis of R1234yf, R436A and

R134aatT,=0.3 C and §=57.7C

EXERGETIC
REFRIGERANT | EDcomp | EDconp | EDrxv EDgyap EDR
EFFICIENCY
R134a 0.539978 | 0.698304 | 0.400668 | 0.428136 0.023414 42.66876
R1234yf 0.439872 | 0.495841 | 0.391299 | 0.306851 0.021202 47.12495
R436A 1.148994 | 1.470095 | 0.909826 | 0.894477 0.020691 48.28946

Quality Of Vapour At Inlet To Evaporator

Quality of vapour refers to the fraction of vapour in the
refrigerant entering theevaporator. When refrigerant
enters the evaporator from expansion valve, it is a
mixture of liquid and vapour phase. Out of these, only
the liquid portion contributes tihe cooling effect. Thus,

it is desirable to have low quantivf vapour and more of
liquid to achieve higher cooling in evaporator. Higher
the portion of liquid higher ithe cooling effect

0.6

0.5

—+—R436A

Quality

— R13da

T t— R1234yf
0.4 —

0.3

-4.7 -37 -237 -1.7 03 13 23 33 43 53 6.3

Evaporator Temperature (°C)

Figure 2.6 Variation of fraction of vapour with evaporator temperature

From Figure 2.6it is observed that as evaporatexit
temperature is increased thquality of refrigerant
decreases for all three refrigerants. However, the quality is
maximum for R1234yf and least for R436A. Thus, we can
conclude that superheatingn evaporator could be
beneficial.
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Figure 2.7 Variatia of fraction of vapour with condenser temperature
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Figure 2.9 Variation of exergetic efficiency with evaporator temperature

Figure 2.7shows the variation of quality of refrigerant at

entry to evaporator witondenser temperature. It is seen Figure 2-10 shows the variation of exerggestruction
that quality increases with increase in condenser exit"atio with —evaporator temperature. As evaporator

temperature for all the refrigants. Also, R1234yf has
highest fraction of vapouwhile R436A has least amount
of vapour. Thus, R436A is showing favourabkhaviour.

temperature
destruction

increases,

EDR decreases.
is maximum with R436A, while that of
R1234yf is slightly lower. Yet R134a has least value EDR

at all values of evaporator temperature

2) Effect Of Variation Of EvaporatoFemperature

The exergy

Comparative performance of R134a, R1234yf and
R436A was evaluated. Thevaporator temperature was
varied between4.7 C to 6.3 C. It was found that the
general trend is that COP increases with increase in
evaporator temperature.

Figure 2.8 depicts that COP is maximum for R134a and
that of R1234yf and R436A i=lativelyless.

Exergy Destruction Ratio

28

—+—R134a

cop

—=—R1234yf
R436A

17

47 37 27 17 03 13

Evaporator Temperature (°C)

23 33 43 53 63

Figure 2.8 Variation of COP with evaporator temperature

Figure 2.9 depicts the variation of exergetic efficiency
with evaporator temperature.Though it increases with
increase in evaporator temperature, the value is maximum
for R134a, followed byR1234yf and R436A has the least
value
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Figure 2.10 Variation of EDR with evaporator temperature
3) Effect Of Variation Of Condenser Temperature

As the condenser temperature increases the COP decreases
for all the threeefrigerants, as shown in Figurel2.

—+—R134a
R1234yf
R436A

Figure 2.11 Effect of variatioaf condenser temperature on COP

FromFigure 2.12it is found that as condenser
temperature is increased the exergefficiency decreases
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for the three refrigerant. R134a has maximum exergetic 225
efficiency at any temperature. R1234yf has slightly better

performance than R436#ll condenser temperature of
57.7 C beyond which R436A has better exergetic
efficiency. o
o *— R436A
0.028 N R1234yf
21 R134a
0.027
0.026 T
0.025 o8
§ 0.024
% 0-023 +R134a ? o 1 2 3 a s 6 7 8 9 10
.i 0.022 T Y 1 R1234yf Degree of Super Heating (°C)
= 0021 R436A Figure 2.14Effect of superheating on COP
0.02
0.019 S . . . .
OU; As evident from Figure 2.14 COP improves with
0.017 | superheating. However, the rate iotrease in COP is
527 537 547 557 567 517 587 59.7 €0.7 617 627 higher in R1234yf as compared to R134a and R436A. This

Condenser Temperature (°C)

is dueto greater increase in compressor work relative to

Figure 2.12 Effect of variation of condenser temperature on exergetic the increase in refrigerating efféntR436A and R134a

efficiency
0.023

From Figure 2.13we can observe that as condenser
temperature increases, EDR alswreases. R134a has
lowest exergy destruction ratio, which means it gives most

0.0225

0.022

iency

desirable performance among the three. However R1234yf | 2 o015
and R436A have nearbimilar values of EDR in the given g oon M"/H +$T
range of condenser temperatufeDR in R1234yfis E RL234yF

0.0205

initially less but beyond 58.C, R436A has relatively
lower EDR. 0.2

8 ‘ 0.0195 - | N —
56 ‘ 0o 1 2 3 4 5 6 7 8 9 10
Degree of Super Heat (°C)

0 54

%52 =

'é 50 Figure 215: Effect of superheating on exergetic efficiency

T 48 —

2 —+—R134a . . . . .

5% Riz34y1 Figure 2.15 shows thatxergetic efficiency improves

gj: RA36A with superheating of the refrigerant in evaporaidrough

S 10 R134a has maximum value of exergetic efficiency all
iz = temperatures, the ratd increase is higest for R1234yf.

52.7 53.7 547 55.7 56.7 57.7 587 59.7 60.7 617 62.7 2.25

Condenser Temperature (°C)

2.2 ——t

Figure 2.13 Effect of variation of condenser temperature on EDR
2.15

4) Effect Of Superheating S —+—RA36A

21 R1234yf

Degree of superheat is the amount by which the ”5,_,,,,—4’*/“ Ri34a
temperature of a superheatedapour exceeds the '

temperature of the saturated vapour at the same pressure 2 .
The effect ofsuperheating inside evaporator is to increase
the refrigerating effect and hence wougjde a high value

of COP. Thus, superheating inside evaporator is desirable.

However,if superheating takes place in suction line, it does  From Figure 2.16it can be observed that exergy

not contribute to the refrigeratir'ﬂgjfect and increases the destruction decreases Wghperheating_ Again, the rate of
temperature at inlet to compressor, which is not desirable. decrease is maximum for R1234yf

1 2 3 4 5 6 7 8 9 10
Degree of Super Heating (°C)

Figure 2.16 Effect of superheating on EDR

Thus, we infer from these results that overall
supeheating in evaporator is benefictal performance of
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the system. It can help in obtaining the same performance
as R134awith R1234yf and R436A in automotive AC
system

5) Effect Of SubCooling
The term sukrooling efers to a liquid existing at a

temperaturebelow its normalsaturation temperature. The
effect of subcooling is to increase the refrigerating effect.
Thus, sukcooling results in increase of COP provided that
no further energy has to bspent to obtain extra cold
coolant required. Subooling may take place in heat
exchangers or outside them

2.8

2.7

2.6

23 R134a

Cop

R1234yf

2.2 R436A

2.1

2
1.9
18

o 1 2 3 a 5 3 7 8 9
Degree of subcooling (°C)

10

Figure 2.17 Effect of subcooling on COP

As is evident fromFigure 2.17 COP increases with
increasing degree of swuwol for R134a, R1234yf and
R436A. Therate of increase in COP is maximumcase
of R1234yf. Thus, we conclude that subcooling is
beneficial in a VCR cycle with any refrigerant but with
R1234yf theémprovement is maximum. [

0.027

0.026

(2]

0.025

o
=3
=
¥~

R436A

o
o
~
o

R134a

(3]

Exergetic Efficiency

R1234yf
0.022

(4]

0.021

0.02
0 1 2 3 4 5 6 7 8 9

Degree of subcooling (°C)

10

(5]
(6]

Figure 2.18 Effect of subcooling on exergetic efficiency

FromFigure 2.18t is found that sulzooling improves the
exergetic efficiency wittall the refrigerants. However, the

increase is more with R1234yf than with R436A. [7]

Fromfigure 2.19it is evident that exergy destructiocatio
decreases with increase degree of sufzool. thus, we
conclude that byincreasing the degree of sabol, the

performance of r1234yf and r436a can approach that of
r134a in automotive aconditioning system

49

£ &

R436A

w

R134a
R1234yf

[Exery Destruction Ratio
w w s b b b
0 W O = N

w
S

1 2 3 4 5 6 7 8 9
Degree of subcooling (°C)

10 1

Figure 4.18: Effect of subooling on EDR

CONCLUSION
The thermodynamic analysis of R1234yf indicates that
the COP ad exergeticefficiency decreases. However, the
system can be modified to match the performaate
R134a by introducing an additional inteal heat
exchanger. Increasinghe amount of superheat and
subcool can enhance the coolicgpacity of the system.
Thus it can be used in place of R134hy certain
modifications in the system. It was also fouthdt the
system should be operated at highest possible evaporator
temperature andowest possible condenser temperature
for producing the desired cooling, to ackgemaximum
COP and exergetic efficiency of the system.
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