www.ijcrt.org © 2024 1IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE

%%@ RESEARCH THOUGHTS (IJCRT)

An International Open Access, Peer-reviewed, Refereed Journal

EXPERIMENTAL INVESTIGATION OF
DOMESTIC REFRIGERATOR USING R134A,
R32 AND THEIR MIXTURES

!Bikkavolu Joga Rao, 2Deepthimahanthi Abhishekh, *Pothula Gannibabu,
4Mudragada Balu Shankar, °Saheb Chaudhary

!Associate Professor, 234°UG Students
!Mechanical Engineering,
!Godavari Institute of Engineering & Technology (A), Rajahmundry, India

Abstract: R134a and R32 are Hydro Fluoro Carbons (HFCs) refrigerants with zero Ozone Depletion Potential (ODP) and low
Global Warming Potential (GWP) values. The performance of a domestic refrigerator using R134a, R32, and their mixtures
(R134a/R32) with mass fractions varying from 95%/5%, 90%/10%, and 85%/15%, respectively, is evaluated in this experimental
study. The R32's lower GWP makes it an asset to use with R134a. The purpose of this study is to examine the performance of R134a
and three different combinations in which it is mixed with R32 at a 5% (in mass fractions) escalation in each. The domestic
refrigerator compressor was originally designed to operate with R134a. According to the results, the Coefficient of Performance
(COP) of the refrigerator with the increase in mass percent of R32 in R134a/R32 mixture. Further, the R134a/R32 blend at a mass
fraction % of 85/15 had the highest COP value of (3.28) and COP was found to be increased by 47.1% when compared to the R134a
value of (2.23). The test results conclude that the blend R134a/R32 at a mass fraction of 85/15 can be a drop-in replacement for
R134a refrigerant.

Index Terms - R32, R134a, Ozone Depletion Potential, Global Warming Potential, Coefficient of Performance, Refrigeration
Capacity

l. INTRODUCTION

Since the start of the industrial revolution, anthropogenic Green House Gas (GHG) emissions have increased [1-2]. In developed

nations, the main contributors to these emissions include the production of energy, transportation, industry, the commercial and
residential sectors, agriculture, and land use [3-6].Various studies indicate that short-term GHG emissions will rise sharply, i.e., when
compared with 2010 values, by 36.4 billion metric CO2-eq. tons over 2020 and 45.5 billion metric CO--eq. tons over 2040 [7]. In the
worst-case scenario, the global mean surface temperature increase by 2100 (relative to pre-industrial levels) might range from 2.6 to
4.8 K if further steps are not taken to limit GHG emissions [8]. The use of energy is a major factor in climate change [9]. The
applications of Heating, Ventilation, and Air Conditioning (HVAC) that regulate the temperature of offices and rooms account for a
significant amount of energy consumption in the developed world [1,9,10]. As a result, gases utilized in HVAC applications that have
a GWP and ODP values, such as Chloro Fluoro Carbons (CFCs) and Hydro Chloro Fluoro Carbons (HCFCs) refrigerants,
significantly contribute to climate change. These refrigerants are being replaced by HFCs such as R134a, R32, etc., [11,12].
Linton JW et al. (1990) [13] investigated the efficiency of domestic heat pumps using R134a and R12. The study discovered that
although heating output of R134a was comparable to that of R12, its coefficient of performance (COP) was 15% lower. However,
in other studies, it is revealed that R134a is the most popularly used replacement for R12 in vapor compression cycle [14]. Kim et
al. (2021) showed that the R32 heat pump outperforms the R410A in terms of heating capacity and coefficient of performance
(COP) at low outside temperatures of 10 and 15 °C [15]. Xu et al. (2017) combined R1234yf and R32 in an 80:20 mass concentration
ratio to create a heat pump system. The heat pump's performance was assessed in low ambient temperatures. The impact of the gas-
injected scroll compressor on the heat pump's heating efficiency was also discussed in this study. The R1234yf/R32 (80/20) system
has the highest heating COP when compared to separate R1234yf and R32 refrigerants. It also has the lowest capacity. It was clear
that, as compared to the original system, gas injection increased the heating capacity by 16% to 20% and the COP of heating by
13% to 16% [16]. As an alternative to R22, Lee et al. (2012) investigated the thermodynamic performance of an air conditioner
using a combination of R32 and R152a with four different compositions. The R32/R152a (50/50) mixture was shown to boost COP
by 15.8% and decrease compressor power by 13.7% when compared to the R22 system. The R32/R52a (50/50) blend resulted in a
26.87% reduction in gas charge. It was found that the R32/R152a (36/64) mixture can be utilized as a drop-in replacement with a
compressor the same size as the R22 compressor [17].
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In the current study, two refrigerants namely R132a and R32 that have low GWP values and zero ODP values are mixed and
evaluated to assess the performance of the domestic refrigerator (one of the most used HVAC appliances) which is specified to
work with R134a refrigerant.

Il. MATERIALS

Using mixtures of R134a and R134a/R32, the current study assesses the performance of the domestic refrigerator. Tests were
conducted on with R134a and different mass fractions of R134a/R32 mixture, such as 95%/5%, 90%/10%, and 85%/15%. The
refrigerant R134a and R32 were supplied by Om Shriram Engineeirng Services, Secunderabad, India. The properties of R134a and
R32 are given in table 1.

Table 1. Shows the physical properties of R134a and R32.

SI. No. Physical Parameter R134a R32 Reference
1 Boiling point (°C) -26 -51.7
2 Freezing point (°C) -103.3 -136
3 Critical temperature (°C) 122 78.11
4 Critical pressure (bar) 4.06 57.82 18,1
5 pv (kg/m?) 14.35 2.98
6 pi (kg/m?) 1295 1055.8
7 Latent heat of vaporization(kJ/kg) 198.72 315.53
8 ODP 0 0
9 GWP 1300 650 19,20
10 Safety Al A2
I1l. METHODOLOGY

The test rig used for the experiment is a complete vapour compression refrigeration system designed to work with R134a. The
schematic view and general view of the domestic refrigerator (with test rig) in shown in Figure 1 and Figure 2 respectively. Itisa
domestic refrigerator instrumented with two pressure gauges at the inlet and outlet of the compressor for measuring the inlet
(suction) and outlet (discharge) pressures. A single thermocouple is used to measure the initial and final temperatures of the water
kept in the evaporator.

The test rig is first charged with 150g of R134a with the help of flowmeter and tests were carried out under prevailing atmospheric
condition. The average ambient air temperature obtained in the workshop during test period was 30°C.After experimenting, the
refrigerant is discharged. The experiment was repeated for mixtures of R134a and R32 in three different mass fractions as 95%/5%,
90%/10%, and 85%/15% respectively.
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Figure 1. Presents the layout of refrigeration test rig
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Figure 2. Represents the refrigeration test rig
The values obtained from the experimentation were used to evaluate the performance characteristics of the domestic refrigerator.
Parameters such as refrigeration capacity (Qw), work done by the compressor (W), COP are considered.
Refrigeration capacity (Qw) is given by Eq. (1):

mx 4.18 x (Tf_Ti)

Qu=- RS0 (kw) )

Where: m = mass of water (kg);
Ti=initial temperature of water (°C);
T¢= final temperature of water (°C);
tw = time taken for temperature difference (T2 — Ty) (in minutes).

Work done by the compressor (W) per second is given by Eq. (2):
W= [

Where: n = number of blinks;
t = time taken for ‘n’ number of blinks (in seconds);

n x 3600.
t x 3200

1 (KW) @

The Coefficient of Performance (COP) is the ratio of refrigeration capacity (Qw) and work done by the compressor per second (W):
Ccop =2« ©)

IV. RESULTS AND DISCUSSIONS

Figure 3 illustrates how R134a refrigerant and R134a/R32 refrigerant mixtures affect a domestic refrigerator's COP. Table 3
displays the experimental input data of different refrigerants while parameters such as mass and temperatures of water, time taken,
etc., are considered. Table 4 show the calculated parameters of performance of refrigeration by name refrigeration capacity (Qw),
compressor work done (W) per second, and COP using the input values in table 3. The graph shows that the COP of the domestic
refrigerator increased with the addition of R32, while enhancing the refrigerator's cooling capacity/ refrigeration capacity (Qw) and
reducing the amount of work required of the compressor (W). Thus, the R134a/R32 mixture's COP is raised. For R134a, R134a/R32-
95/5, 90/10, and 85/15 mixtures, the corresponding COPs are 2.23, 1.89, 2.26, and 3.28. When R134a/R32 mixture at mass fraction
85%/15% is used instead of R134a refrigerant, the maximum COP is increased by 47.1%.
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COP of R134a and R134a/R32 blends
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Figure 3: Shows the COP of R134a and R134a/R32 mixtures

Table 3: Shows the input values of different refrigerants

Water Energy meter
_ Mass Temperature reading
Refrigerant . m .
S.No. Fraction tw (mm:ss)
Name o (kg)
(%) Ti(°C) | T:(°C) n t (mm:ss)
il R134a 100 1 30 16 02:39 10 01:08.0
2 R134a/R32 95/5 1 30 16 03:11 10 01:09.0
3 R134a/R32 90/10 1 30 16 02:49 10 01:10.0
4 R134a/R32 85/15 1 30 16 02:00 10 01:10.8

Table 4: Shows the Refrigeration effect, Work done, and COP values of different refrigerants

fri . Work done
Refrigerant Mags Re rlg_eratlon by

S.No. N Fraction capacity, Qw COP

ame (%) (KW) compressor,

W (KW)

1 R134a 100 0.3693 0.1655 2.232
2 R134a/R32 95/5 0.3076 0.1629 1.888
3 R134a/R32 90/10 0.3469 0.1533 2.263
4 R134a/R32 85/15 0.4886 0.1488 3.283

V. CONCLUSIONS

Domestic refrigerators are one of the most popularly used HAVAC appliances in the residential sector which demands for huge
amount of energy production in hotter countries worldwide. Therefore, focusing on reducing the usage of high ODP and GWP
possessing refrigerants in domestic refrigerators reduces the GHG emissions (CO»- eq.) by 17%. Hence, in the current study,
refrigerants with zero ODP and GWP values such as R134a, R32, and R134a/R32 mixtures at different concentrations by mass
fraction % (95/5, 90/10, and 85/15) are used to evaluate the performance of a domestic refrigerator (with test rig) setup. The
following conclusions can be drawn from the above results and discussions:
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The COP of the domestic refrigerator increased with the addition of R32 despite the sudden decrease @ 95/5 mass fraction % of
R134a/R32.This is majorly caused due to the enhancement and reduction in refrigeration capacity and work done by the compressor
(per second) respectively. Among the three R134a/R32 mixtures with different mass fractions (%), the mixture with 85%/15% mass
fraction had the highest COP which is 47.1% higher as compared to R134a. Ultimately, the study concludes that the refrigerant
mixture R134a/R32 at a mass fraction% of 85/15 is viable and can replace R134a in the current domestic refrigeration compressor
unit despite the fact that R32 has an A2 level flammability.

Nomenclature

GHG Greenhouse gases

CO2-€q. Carbon di oxide equivalent

HVAC Heating, ventilation and air conditioning
HCFCs Hydro chloro fluoro carbons

HFCs Hydro fluoro carbons

CFCs Chloro fluoro carbons

COP Coefficient of performance

GWP Global Warming Potential

HFCs Hydro fluoro carbons

m Mass of water

n No. of blinks in energy meter

ODP Ozone Depletion Potential

R134a Tetrafluoroethane

R32 Difluoromethane

Quw Refrigeration capacity / amount of heat released from water (per second)
t Time taken for “n” no. of blinks

T; Initial temperature of water

Tt Final temperature of water

tw Time taken for the drop in water temperature
W Work done of compressor

pI Density of Liquid

Pv Density of Vapour
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