Retrofitting of R-22 Air-Conditioning m
System with R1234ze(E) oosk ko

Atilla G. Devecioglu and Vedat Orug

Abstract In this study, the effect on energy parameters and total equivalent warming
impact (TEWI) using R1234ze(E) as a substitute for R22 in an air-conditioning device
was investigated. The R22 system was retrofitted with R1234ze(E) changing com-
pressor oil. The experimental data was obtained for three different ambient tempera-
tures (30, 35 and 40 °C). It was seen that the power consumption of R1234ze(E) was
smaller than that of R22 about by 41%. Although the cooling capacity of R1234ze(E)
was 50% lower, its coefficient of performance (COP) was reduced only by 5% com-
pared to R22. Furthermore, refrigerant charging amount of R1234ze(E) was smaller
by 16% than R22. The results indicated that TEWI value of R1234ze(E) was lower
than that of R22 by 65% due to small GWP (global warming potential) value and
proper COP of the alternative refrigerant tested in the study. Hence, it can be expressed
that R1234ze(E) can be used in air-conditioners of small capacity as an alternative
to R22.
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1 Introduction

According to Regulation (EU) No 517/2014, the refrigerants with GWP > 750 will
be prohibited to use in air-conditioning systems including 3 kg or less refrigerant
after January 1, 2025 [1]. Currently, R410A having a GWP of 2088 is widely used
in split type air-conditioners [2]. In recent years, R32 with GWP of 675 is becoming
widespread in the market for split type air-conditioners of low capacity. Almost all
synthetic refrigerants with low GWP have a characteristic of flammability. Thus,
there is a limit for the amount of gas charge into the systems.

The phase-out process of R22 is still continuing in developing countries. At the
same time, the available devices operating with R22 are currently utilized by changing

A. G. Devecioglu (<)) - V. Orug
Department of Mechanical Engineering, Dicle University, Diyarbakir, Turkey
e-mail: atillad@dicle.edu.tr

V. Orug
e-mail: voruc @dicle.edu.tr

© Springer Nature Switzerland AG 2020 87
I. Dincer et al. (eds.), Environmentally-Benign Energy Solutions,
Green Energy and Technology, https://doi.org/10.1007/978-3-030-20637-6_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20637-6_4&domain=pdf
mailto:atillad@dicle.edu.tr
mailto:voruc@dicle.edu.tr
https://doi.org/10.1007/978-3-030-20637-6_4

88 A. G. Devecioglu and V. Orug

their refrigerants with alternative ones. The global warming potential (GWP) value of
almost all HFC gases that can be used as alternatives to R22 is close to that of R22.
The studies related to the application of refrigerants with low GWP are currently
conducted. One of the suitable synthetic refrigerants is HFO-based R1234ze(E).

Many previous investigations focused on using R1234yf or R1234ze(E) as a
substitute for R134a usually in refrigeration systems [3—7]. Moreover, the cooling
capacity of R1234yf was seen to be slightly smaller than that of R134a for varied
compressor rotational speed in automotive air-conditioners [8, 9]. In order to be
a guiding reference for experimental investigations, some theoretical studies were
also conducted comparing the thermodynamic performance of these new generation
refrigerants in different refrigeration systems [10—12]. Some review papers have been
published considering R1234ze(E) and R1234yf [13, 14].

R134a was compared with R1234yf and R1234ze(E) refrigerants considering
vending machines at different ambient temperatures [15]. They determined that COP
of R1234ze(E) and R134a was almost the same, but that of R1234yf was smaller
about by 5% in comparison with the other two refrigerants. In addition, the suction
pressure of R1234ze(E) was smaller than that of R134a and R1234yf. The literature
survey points out that the energetic performance of R22 is better than that of HFC-
based refrigerants with zero ODP value used as alternatives to R22 [16-20].

Similarly, R22, R1234yf and R1234ze(E) were compared for air-conditioning
systems in a [21]. COP values of R1234ze(E) were determined higher about by
5-9% compared to R1234yf. The cooling capacity of R1234ze(E) was found to be
low, but power consumption was seen to be decreased as well depending on reduced
compressor discharge temperature. It was pointed out that R1234ze(E) may be a
suitable candidate refrigerant for air-conditioners. In the experimental investigation
by Devecioglu and Orug [22], R1234ze(E) was used as a substitute for R134a in a
refrigeration system and energy performance of the system was improved utilizing
a plate-type heat exchanger in order to reduce the cooling capacity loss.

In this study, R22 split type air-conditioner of small capacity was retrofitted with
R1234ze(E). The energy parameters of the system such as cooling capacity and COP
of R1234ze(E) were compared with those of R22. TEWT analysis was also performed
to analyze environmental impacts. Thus, some suggestions were remarked on the
suitability of using R1234ze(E) as a substitute for R22 in available air-conditioning
systems. Utilization of HFOs and especially R1234ze(E) in air-conditioning systems
operating with R22 is not seen in the literature. In this respect, the present investiga-
tion is different from previous comparisons of R22 and HFC-based refrigerants.

2 Experimental Setup

A split type air-conditioner having a cooling capacity of 2.05 kW and originally
constructed to work with R22 was used as an experimental setup to study energetic
parameters. The detailed information on utilized experimental setup can be found
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in the previous study by Orug et al. [20]. The experimental setup is schematically
demonstrated in Fig. 1.

The specifications of measuring instruments utilized in experiments are presented
in Table 1. The thermodynamic properties of investigated refrigerants are determined
through REFPROP software [23].
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Fig. 1 Sketch for representation of experimental setup
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Table 1 Specifications of M
. . easurement range | Accuracy

measuring devices
Pressure gauges 0-40 Bar +1% FSO
Thermocouples K-type —50/150 °C +0.5 °C
PT100 —100/500 | °C +0.5 °C
Coriolis mass flow meter | 0-250 kgh™! | +0.1%
Wattmeter 0-6000 w +1.5%

2.1 Tested Refrigerants

HFOs are unsaturated organic compounds and consisted of hydrogen, fluorine
and carbon. They are synthetic refrigerants including carbon—carbon double bond.
R1234ze(E) is suitable for middle temperature applications of air- and water cooled
chillers, refrigerators and heat pump systems [14]. Chemical formulation is in the
form of 1,3,3,3-tetrafluoropropene (Trans, CHF=CHCF3). R1234ze(E) used in the
study is an HFO-based refrigerant with a GWP of 6. Both investigated refrigerants
are pure substances. Therefore, their temperature glide values are zero. Retrofitting of
the system was achieved by changing the compressor oil such that mineral oil (MO)
and polyol ester oil (POE) types were used for the cases of R22 and R1234ze(E),
respectively. In the experimental study, 800 g of R22 was charged into the system,
while this amount was 670 g for investigating the case of R1234ze(E). The refrigerant
of R22 is neither flammable nor toxic. R1234ze(E) is also non-toxic, but is classified
by ASHRAE as slightly flammable so that high amounts of this refrigerant should
not be charged into indoor systems. Some thermodynamic and physical properties
of the tested refrigerants are given in Table 2 [23-25].

Tab}e 2 Properties of studied R22 R12342¢(E)
refrigerants
OoDP 0.055 0
GWP 1810 6
Flammability Al A2L
Te (°C) 96.1 109.4
P (kPa) 4990 3630
Tho (°C) (1 atm) —40.8 —18.9
Lubricant MO POE
Pliq (kg/m?) 1281.5 1240.1
pvap (kg/m®) 21.2 11.7
Gratent (KI/Kg) 205 184.3
kiiq (W/mK) 94.7 x 1073 83.1 x 1073
kyap (W/mK) 9.4 x 1073 11.6 x 1073

Properties are valid for 0 °C
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Fig. 2 Variation of vapor pressure and liquid density with temperature

Glatent 18 latent heat of evaporation, p is density and k is thermal conductivity
coefficient. Subscripts of lig, vap, bo, cr refer to liquid, vapor, boiling and critic,
respectively.

It is seen in Fig. 2 that the vapor pressure of R1234ze(E) is considerably lower
than that of R22. Generally, the system can be safely operated at lower pressures.
Liquid density of R1234ze(E) is smaller compared to R22. Hence, the required

amount of refrigerant charging into the system will be decreased in the case of using
R1234ze(E).

2.2 Evaluation of Experimental Data

The cooling capacity, Q,, of the system is calculated as
0. = m(ho,e - hi,e) (1)
where m is the mass flow rate, while &,, and h;, are the enthalpy values at outlet

and inlet of evaporator, respectively. Then, the coefficient of performance (COP) of
the system can be determined as

Q.

comp

COP = ()

where Weomp is power consumption of the compressor. When the temperature of

the air flowing over condenser was reached a specified value, then the system was
attained steady-state regime.
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Total equivalent warming impact (TEWI) is a parameter indicating the global
warming impact of refrigeration and air-conditioning systems [26]. TEWI devel-
ops from the direct contribution of used refrigerant to greenhouse gas and indirect
contribution of CO, emission because of energy consumption of the system during
its working period. TEWI is expressed as the emission of kg CO,. TEWI can be
calculated as follows [27]

TEWI = (GWP xm x L x N)+GWP xm x (1 — ;) + (Eannuat X B X N)
3)

where m is the amount of refrigerant charged into the system in kg and «, is the
recovery efficiency. The refrigerant leakage into the atmosphere directly contributes
to greenhouse gas formation. Annual refrigerant leakage, L, is defined as percentage
of total refrigerant amount. N is the operation period of system in years. For comput-
ing indirect contribution, annual power consumption of system, Ennual, is found in
kWh/year. The system has been assumed to operate different periods for each month.
B is the indirect emission factor in kgCO,/kWh which represents amount of CO,
emission for generating 1 kWh energy, and it changes depending on the method of
electric energy generation [26]. The numerical values of mentioned parameters in
Eq. (3) are given in Table 3. Some parameters are obtained from experimental data,
and the other ones are taken by assumptions for TEWI calculations. The mass of
refrigerant charged into air-conditioner, m, and E a1 are obtained from experimen-
tal study.

Only the case of cooling mode was considered for air-conditioner in the investi-
gation. The cooling is needed from May to September in most regions of Turkey. The
assumed average operating hours for each month are presented in Table 4. For the
daily working period, air-conditioner worked on an on-off basis and full consumption
of energy was assumed to take place only half of 8—12 h period.

Table 3 Parameter values for TEWI calculations

Parameter L B N o MR22 MR1234z¢(E)
Value 7% 0.48 10 70% 800 g 670 g

Table 4 Information for operation period of the system

Months May June July August September
Days 31 30 31 31 30
Operating hours 4 5 6 6 4
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3 Results and Discussions

The distribution of cooling capacity, Q,, with ambient temperature, 7', is given in
Fig. 3 for tested refrigerants. Generally, Q, is reduced as a result of increasing T,.
It can be noted that Q, of R22 is higher about by 95% compared to R1234ze(E).
Hence, this alternative refrigerant may not compensate the amount of Q, computed
for peak loads. Therefore, the basic components should be selected larger for the
air-conditioner which will be operated using R1234ze(E) to deliver the same amount
Q. in R22 case.

The dependence of power consumption of compressor, W ¢omp, on T, is demon-
strated in Fig. 4. W .o increases at higher T', values for both refrigerants. Evidently,
W comp Of R1234z¢e(E) is seen to be lower than that of R22 about by 50%. This result
occurs due to reduced pressure values at the suction and discharge of the compressor.

Figure 5 indicates COP distribution for the refrigerants. It is clear that COP is
reduced as T, increases for both refrigerants. Moreover, the highest COP can be
obtained in R22 which has grater COP about by 5% in comparison with R1234ze(E).

The values of TEWI, which indicates direct contribution of refrigerant emission to
the atmosphere and indirect contribution of CO, (originated due to required energy
of an air-conditioner during its operation life) on global warming impact, are shown
in Table 5. Obviously, while the direct contribution of R1234ze(E) is 4, that of R22
is 1448 CO,-eq. Similarly, the indirect contribution of R1234ze(E) is smaller about
by 40% compared to R22. As a result, TEWI of R1234ze(E) is computed to be lower
nearly by 65% than TEWI of R22.
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Fig. 5 Variation of COP 4.0
with ambient temperature for BR22 LR1234ze(E)
the refrigerants 3.0 -
S 20
o
1.0
0.0
30 35 40
T, (°C)
Table 5 Results on TEWI computations
Parameter R22 R1234ze(E)
T, (°C) 30 35 40 30 35 40
Direct impact (CO;-eq) 1448 1448 1448 4 4 4
Indirect impact (CO2-eq) 2096 2261 2372 1228 1287 1342
TEWI (CO2-eq) 3544 3709 3820 1232 1291 1346

4 Conclusion

The general finding from the present experimental study can be summarized as
follows:

R1234ze(E) can be suitably used in air-conditioners with small capacity; however,
some basic components of the system such as evaporator and condenser should be
larger in this case.

Reduced amount of W oy for R1234ze(E) is a significant result. Since COP of
R1234ze(E) is lower only by 5% COP of R22, the tested alternative refrigerant is
suggested to be utilized in air-conditioners.

Considering flammability risk, refrigerant should not be preferred for larger sys-
tems requiring a higher amount of refrigerant charge. Fortunately, the required
mass is reduced when R1234ze(E) is utilized.

Since evaporation pressure and compressor discharge pressures of R1234ze(E)
were determined to be lower, it can be safely used in the air-conditioners designed
to operate with R22.

Compared to R22, TEWI of R1234ze(E) was calculated to be lower about by
65%, and therefore, the alternative refrigerant has a substantial reduced impact on
global warming. Hence, R1234z¢e(E) may be utilized in air-conditioners for the
long term.
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