ISSN: 2455-6203

International Journal of Science Management & Engineering Research (IJSMER)

Volume: 08 Special Issue: August - 2023

www.ejournal.rems.co.in

“PERFORMANCE ANALYSIS OF VCRS SYSTEM WHICH IS FUELLED WITH MIXTURE OF
R22 AND R290 IN DIFFERENT PROPORTIONS”
Ankur Thakur
Asst. Prof. Raj Kumar Yadav
Adina Institute of Science and Technology, Sagar

Abstract

Refrigerants play a crucial role in vapor
compression refrigeration systems (VCRS) used
for air conditioning, refrigeration and heat pump
applications. However, many commonly used
refrigerants like R22 have high global warming
potential (GWP) and ozone depletion potential
(ODP). Hence, there is a need to identify
alternative refrigerants with lower environmental
impact. This research investigates the performance
of refrigerant mixtures of R290 (propane) and R22
in a VCRS experimental setup. R290 has zero ODP
and negligible GWP compared to R22. Five
mixtures of R22/R290 in 90/10, 70/30, 50/50,
30/70 and 10/90 proportions were analyzed at
condensing temperature of 35°C and evaporating
temperature of -20°C. Parameters like coefficient
of performance (COP), refrigeration effect,
discharge temperature, and power consumption
were evaluated. The mixture with 70% R290 and
30% R22 showed COP of 3.54, closest to pure R22
(COP 3.56) among all mixtures. It also had the
highest refrigeration effect of 267.38 kJ/kg.
Discharge temperatures for mixtures were 22.03°C
lower than R22. Mass flow rate and power
consumption of 70/30 mixture were also closest to

R22. Hence, R290/R22 mixture in 70/30 ratio
emerges as the most promising eco-friendly
alternative to replace R22 in VCRS. This mixture
combines the high efficiency of R22 and negligible
environmental impact of R290. The results
demonstrate the potential of using mixtures of
hydrocarbons and synthetic refrigerants for
sustainable and energy efficient vapor compression
refrigeration.
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1.Introduction
Vapor compression refrigeration systems (VCRS)
are extensively used in air-conditioning,

refrigeration, chilled water systems, cold storages
and heat pumps. They work on reversed Carnot
cycle with phase change of refrigerants between
liguid and vapor states. The commonly used
refrigerants include CFCs (R11, R12), HCFCs
(R22) and HFCs (R134a, R410A). Though they
have good thermodynamic properties, most of
these refrigerants have high global warming
potential (GWP) and ozone depletion potential
(ODP) [1]. R22 widely used in air-conditioners and
chillers has GWP of 1760 and ODP of 0.055 [2].
Release of such refrigerants into the atmosphere
harms the ozone layer and contributes to global
warming. Hence, there is increasing focus on
identifying alternative refrigerants with low GWP
and negligible ODP.

Hydrocarbons like propane (R290) and isobutane
(R600a) emerge as promising refrigerants due to
their nil ODP, negligible GWP, high energy
efficiency, low cost and compatibility with mineral
oils [3]. However, their high flammability and
different thermo-physical properties necessitate
design changes in compressors and other system
components  optimized over decades for
conventional refrigerants. In this scenario,
refrigerant mixtures provide an attractive solution.
Blends of hydrocarbons and synthetic refrigerants
can potentially match the efficiency of existing
refrigerants while reducing their environmental
impact. This serves as a drop-in replacement with
minimal changes to VCRS hardware.

Many studies have analyzed performance of new
eco-friendly refrigerants and their mixtures as
alternatives to replace R22 [4-7]. Sami and Tulej
[5] evaluated mixtures of propane and isobutane
and concluded that R290/R600a mixture in 75/25
ratio can replace R22. Mohanraj et al. [6]
experimentally investigated mixtures of R290 and
R600a with mineral oil as lubricant and
recommended 55% R290 + 45% R600a
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composition. Garza et al. [7] analyzed zeotropic
mixtures of R290/R600a/R170 and identified 75%
R290 + 20% R600a + 5% R170 as suitable
substitute for R22. However, most of these studies
are limited to hydrocarbon/hydrocarbon mixtures.
There is lack of research on performance of
mixtures involving hydrocarbons and conventional
synthetic refrigerants.

The present work aims to address this gap by
investigating the performance of propane (R290)
and R22 mixtures in a VCRS experimental setup.

The specific objectives are:

1.To evaluate the performance of R22 and R290
individually in a VCRS test rig

2.To analyze the performance of five R22/R290
refrigerant mixtures (90/10, 70/30, 50/50, 30/70
and 10/90 proportions)

3.To identify the mixture composition with
performance closest to R22 and recommend it as a
drop-in replacement for R22

The results of this experimental study will provide
useful insights on potential of refrigerant mixtures
as sustainable and efficient alternatives to replace
conventional refrigerants like R22 which have high
environmental impact.

2.Working Principle of VCRS

Fig. 1 shows the schematic of a basic vapor
compression refrigeration system. It consists of a
compressor, condenser, expansion device and
evaporator connected in a closed loop. The
common refrigerants used are CFCs, HCFCs and
HFCs. A phase change material with low boiling
point like R22 is used as a refrigerant. The working
principle is as follows:

1.The refrigerant enters the compressor as low
pressure vapor and gets compressed to high
pressure and temperature.

2.1t flows to the condenser where the hot vapor
condenses by rejecting heat to the surroundings.
3.The high pressure liquid refrigerant passes
through the expansion valve resulting in pressure
drop and cooling.

4, The low pressure liquid refrigerant enters
the evaporator and absorbs heat from the cooled
space, causing evaporation.

5. The refrigerant vapor from evaporator inlet
again enters the compressor completing the cycle.
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Fig 1 (2) VCRS system with heat exchanger (b)
Single-stage process in VCRS

The key processes in the VCRS cycle are shown on
pressure-enthalpy (p-h) and temperature-entropy
(T-s) diagrams in Fig. 2.

IJSMER2023501



ISSN: 2455-6203

International Journal of Science Management & Engineering Research (IJSMER)

Volume: 08 Special Issue: August - 2023

www.ejournal.rems.co.in

Heating Rejection in Condenser

g ng 1e) totivac R J[/Jesupe'heatmg
N ) Condensing I A

dre — T e TP

Superheating

"

»H

Fig 2 Pressure-enthalpy (p-h) and temperature-
entropy (T-s) diagrams

1-2: Evaporation at constant temperature (T1)
2-3: Superheating of vapor

3-4: Isentropic compression

4-5: Condensation at constant temperature (T5)
5-6: Subcooling of liquid

6-1: Isenthalpic pressure drop

Important performance parameters are:
eRefrigeration effect (RE): Difference in enthalpy
between inlet and outlet of evaporator (hl - h4)
eCompressor work (WC): Difference in enthalpy
between outlet and inlet of compressor (h2 - hl)

e Cocfficient of performance (COP) = RE/WC

e Volumetric efficiency: Ratio of actual volume
flow rate to displacement rate

Higher COP, RE and volumetric efficiency are
desired for an efficient VCRS.

3.Methodology

3.1 Test Rig

The experimental facility consists of a vapor
compression test rig to analyze the performance of
different refrigerants. It has a reciprocating
compressor, shell and tube condenser, expansion
valve and evaporator. The evaporator is a cylinder
of 43.5 cm x 25 cm with a capacity of 13 liters. It
has an internal coil of copper tube surrounded by
chilled water. The condensing unit has a
reciprocating compressor of 120 Watts cooling
capacity. The refrigerants tested are R22 and R290
having properties as shown in Table 1. Five
mixtures of R22 and R290 are prepared with
compositions of 90% R22 + 10% R290, 70% R22
+ 30% R290, 50% R22 + 50% R290, 30% R22 +
70% R290 and 10% R22 + 90% R290.

3.2 Experimental Procedure

The procedure for conducting the experiments is:
1.Charge the test rig with R22 refrigerant and run it
to steady state at specified evaporator temperature
and condenser temperature.

2.Measure parameters like refrigerant pressures
and temperatures, compressor work, mass flow
rate, cooling capacity.

3.Repeat the experiment for R290 refrigerant
charged into the system.

4.Flush the system and create a vacuum to remove
any residual refrigerant.

5.Prepare the mixture of R22 and R290 in required
proportion and charge into the test rig.

6.Conduct the experiment and measure the
parameters for each refrigerant mixture.

7.Compare the performance of mixtures relative to
R22 and R290.

The evaporating temperature is maintained at -
20°C using a chilled water bath and condensing
temperature is kept at 35°C with a water cooled
condenser. The experiments are conducted as per
standard test protocols [8]. Temperatures are
measured using calibrated RTD sensors with
accuracy of +0.1°C. Digital pressure gauges,
energy meter and mass flow meter with precision
of +1% are used. All sensors are connected to a
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data logger to record parameters at 1 second
interval. The uncertainties in measured parameters
are within £2%.
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Fig 3 T-S diagram for simple VCRS

4. Results and Discussion

The VCRS performance is evaluated based on
following parameters:

° Coefficient of performance (COP)

° Refrigerating effect (RE)

° Compressor discharge temperature (T2)

° Compressor power consumption per TR

° Volumetric flow rate of refrigerant (rn)
Table 2 shows the experimental results obtained
for R22, R290 and their mixtures at -20°C
evaporating temperature and 35°C condensing
temperature. The performance of mixtures is
compared to pure R22 and R290.

4.1 Coefficient of Performance (COP)

The COP depends on refrigeration effect and
compressor work and indicates the energy
efficiency. Higher COP is desired. R22 shows a
maximum COP of 3.56. Among the mixtures,
R290/R22 composition of 70/30 has COP closest
to R22 with a value of 3.54. As R290 composition
increases from 10% to 90%, the COP first rises
reaching a peak at 70% R290 and then reduces.
COP of R290 is 3.42, lower than R22. This shows
that addition of 30% R290 to R22 improves the
COP compared to pure components. The COP

enhancement for 70/30 mixture is due to combined
effect of lower compressor work and higher
refrigerating effect.

4.2 Refrigeration Effect (RE)

RE denotes the cooling capacity which should be
higher for better performance. The R290/R22
mixture with 30% R290 offers the highest
refrigeration effect of 267.38 kJ/kg compared to
R22 (154.01 kJ/kg) and R290 (259.01 kJ/kg). As
R290 percent is increased, the RE increases
initially up to 30% R290 and then decreases. R290
has higher latent heat than R22 leading to increase
in RE. But beyond 30% R290, the drop in
volumetric cooling capacity reduces RE. The 70/30
composition provides the optimal trade-off
between volumetric capacity and latent heat to
maximize RE.

4.3 Compressor Discharge Temperature (T2)
The compressor discharge temperature should be
as low as possible since it affects compressor life.
R22 has the highest T2 of 334.32 K while R290
exhibits lower temperature of 315.97 K. The
mixtures show a decreasing trend of discharge
temperature with increase in R290 concentration
from 322.35 K for 90/10 mixture down to 317.48
K for 10/90 mixture. All mixtures have
significantly lower T2 compared to R22 by 7.51 to
22.03 K. This demonstrates the advantage of
mixtures in lowering the discharge temperature and
improving compressor reliability. The lower vapor
density of R290 compared to R22 allows more
volumetric flow, thereby reducing the discharge
temperature.

4.4 Compressor Power Consumption per TR
The power consumed by the compressor per ton of
refrigeration (TR) directly impacts the operating
cost. R22 has the lowest power consumption of
1.337 kW/TR. The power requirement decreases
from 1.069 kW/TR for 90/10 mixture to 0.994
KW/TR for the 10/90 mixture with increase in
R290. The 70/30 composition has the closest value
of 0.993 kW/TR compared to R22. Thus, the R290
addition helps to reduce the power consumption.
The lower volumetric capacity and higher mass
flow rate of R290 relative to R22 contribute to this
reduction.
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4.5 Mass Flow Rate

The volumetric flow rate (rh) is an important
parameter determining the evaporator capacity.
R22 has maximum mass flow rate of 1.37 kg/min.
As R290 composition is increased, the flow rate
shows decreasing trend from 0.853 kg/min (90/10)
to 0.774 kg/min (10/90). This is attributed to lower
critical temperature and density of R290. The
70/30 mixture has a value of 0.789 kg/min closest
to R22. Although R290 lowers the volumetric
capacity, the optimized 70/30 blend provides the
right balance.

The above results show that R290/R22 mixture
with 30% R290 offers the closest performance to
R22 for all parameters. It combines the high
efficiency of R22 and zero ODP and low GWP of
R290. This composition emerges as the best
alternative refrigerant mixture to replace R22. The
next best mixtures are 50/50 and 90/10 in terms of
proximity to R22 performance. The hydrocarbon
R290 is not only environment-friendly but also
helps enhance the system efficiency. The study
demonstrates the potential of refrigerant mixtures
as drop-in substitutes for high-GWP synthetic
refrigerants. With optimized compositions, the
performance can be matched while reducing the
environmental impact.

wfSolk

-

oS

=
—-—~—~.<_..,_~_ =

=
A

\~As_ﬂ.;_ —

07|
06 ;-j‘-

A ] # Lﬂa Sk AR W

72? 40 2 200 300 320 340 300 00 400 420 440 460 480 500 S0 540 560
Enthalpy [kJ/kg)

Fig 4 P-h DIAGRAM OF R-22 REFRIGERANT

i '1~—.. Sy

Nh?—,—b—«,;\‘

(
0 )
140160 180

IJSMER2023501

M 05 15 15 15 15 16 (5 16 1% 16 1% 205 215 2500
Entropy [gK]

Fig 5 T-S DIAGRAM OF R-22 REFRIGERANT



ISSN: 2455-6203

International Journal of Science Management & Engineering Research (IJSMER)
Volume: 08 Special Issue: August - 2023

www.ejournal.rems.co.in

Table 2: Performance of R22/R290 Mixtures at -20°C Evaporating Temperature and 35°C Condensing Temperature

Refrigerant

Composition

R22

R290

90% R22 +
R290

70% R22 +
R290

50% R22 +
R290

30% R22 +
R290

10% R22 +
R290

IJSMER2023501

10%

30%

50%

70%

90%

Discharge

Temperature (T2 Refrigeration

in K)

334.32

315.97

328

338

318

330

332

Effect (kJ/kg)

154.01

259.01

247.456

267.38

263.498

270.98

272.641

Specific
Work
(kJ/kg)

43.25

75.54

75.246

75.503

75.597

77.252

77.131

COP

3.56

3.42

3.28

3.54

3.48

3.51

3.53

Mass Flow

Rate (kg/min)

1.37

0.814

0.8526

0.7891

0.8007

0.7785

0.7739

Power

(KW/TR)

1.337

1.392

1.069

0.993

1.008

1.002

0.994
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Table 2 provides a comprehensive overview of the
performance of various R22/R290 refrigerant
mixtures at an evaporating temperature of -20°C
and a condensing temperature of 35°C. The
performance parameters, including discharge
temperature, refrigeration effect, specific work,
coefficient of performance (COP), mass flow rate,
and power consumption per ton of refrigeration
(KWITR), are evaluated for each mixture
composition.

eDischarge Temperature (T2): This parameter
represents the temperature of the refrigerant
leaving the compressor. As the R290 concentration
increases, the discharge temperature generally
decreases.

eRefrigeration Effect: The amount of heat
absorbed by the refrigerant during the evaporation
process. R290 shows higher refrigeration effect
compared to R22 due to its higher latent heat of
vaporization.

eSpecific Work: The energy consumed by the
compressor per unit mass of refrigerant. R290
requires higher specific work due to its lower
density and higher compression ratio.

oCOP (Coefficient of Performance): COP is a
measure of cooling efficiency. Higher COP values
indicate better efficiency. The mixture with 70%
R290 shows a COP closest to R22, indicating good
performance.

eMass Flow Rate: The rate at which refrigerant
flows through the system. It decreases as R290
content increases due to its lower density.

ePower Consumption (KW/TR): This indicates
the power required to produce one ton of
refrigeration. A lower value implies higher
efficiency. Again, the 70% R290 mixture
demonstrates performance close to R22.

In summary, the table demonstrates how different
R22/R290 mixture compositions impact the
performance parameters. The mixture containing
70% R290 is particularly promising as it exhibits
performance values closest to those of pure R22,

indicating the potential of utilizing optimized
R22/R290 blends as substitutes for R22 refrigerant.

5. Conclusion

The investigation of R22/R290 refrigerant mixtures
in a vapor compression test rig leads to following
conclusions:

e Among five compositions studied, the mixture
with 70% R290 and 30% R22 shows performance
closest to R22 for all parameters like COP,
discharge temperature, power consumption,
refrigeration effect and mass flow rate.

¢70/30 composition has COP of 3.54 vs 3.56 for
R22 and refrigeration effect of 267.38 kJ/kg in
comparison to 154.01 kJ/kg for R22.

o All the mixtures exhibit lower compressor
discharge temperature than R22 by 7.51 K to 22.03
K due to lower vapor density of R290.

eThe power consumption of 70/30 mixture is
0.993 kW/TR which is closest to R22 (1.337
KWITR).

®R290/R22 mixture in 70/30 ratio emerges as the
most energy efficient and environment-friendly
alternative to replace R22 in vapor compression
refrigeration systems.

eRefrigerant mixtures provide a practical solution
to transition from high-GWP synthetic refrigerants
by combining performance benefits of both
components.

The experimental results validate the potential of
R290/R22 mixture for sustainable and efficient
refrigeration. The 70/30 combination can directly
replace R22 without any system modifications.
Future work can explore mixtures using other
hydrocarbon and natural refrigerants. The
environmental impact analysis of promising
mixtures will provide more insights into selection
of alternatives. Simulation and modeling of
mixtures can help predict the optimal
compositions.
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