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Abstract

The present work deal with the experimental study to retrofit the refrigerant R407c with the refrigerant R22 in the air
conditioning unit at an ambient temperature range between 30-45°C. The main component of the experimental rig includes a
window air conditioner with a refrigeration capacity of 2 Ton refrigeration that used refrigerant R22 as a working fluid in the
experimental work. The refrigerant R22 is replaced with refrigerant R407C due to similar operation properties for the two
refrigerants. The experimental results displayed the refrigeration effect and coefficient of performance COP of the R22 system are
high as with those of the R407C system. The falls in the evaporator and condenser for the R407C system is lower than that of the
R22 system. The temperature of discharge in the compressor for the system of refrigerant R22 is greater than that of the R407C
system. Moreover, condensation temperature along the tube of the condenser is decreased with the increase of the distance for both
refrigerants. The refrigerant R407C may be selected as a good alternate for R22 with an agreement difference in the two
refrigerants’ performance. The system did not require replacement for any part of the AC unit.
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therefore, the refrigerant R407C can be a good alternate of
R22 [5].

There are many experimental and numerical studies deal
with the investigation of refrigerant R22 in AC applications
with safe refrigerants. Bolaji [6] experimentally study the
thermal behaviors of refrigerants R404A and R507 as

residential ~ applications, ~manufacture processes, food  compared with R22 in a window AC. He finding that the
conservation, transport and conservation, and human comfort pressure ratio and the compressor discharge temperature of

[1]. The hydrochlorofluorocarbon refrigerant R22 have high the R507 and R404A respectively, were higher than those of
GWP and_ ozone depletion, therefore_, the protocol of l\_/IontreaI R22 with percentages of 4.2% ané 15.3%. Devotta et al. [7]
1987 decided to replace HCFCs refrigerants by 2030 inwhole gy nerimentally studied the thermal behavior of 1.5 Ton
developed countries and by 2040 in the developing countries Refrigerant window AC using refrigerants R407C and R22.
[2] and [3]. The findings showed that the refrigeration effect of refrigerant
The HCFC refrigerants have excellent thermal and R22 system is larger than those f_or_ R407C with a variation
chemical properties, therefore, the refrigerants are employed ~ between 2.1-7.9%, the R22 coefficient of performance COP
in large broad of applications and refrigerant R22 is one of the ~ Was higher than those for R407C in the range of 7.9-13.5%.
significant HCFC refrigerants, which it is employed in a wide
range of refrigeration and air conditioning applications [4]. In
last years, the existing of suitable alternate refrigerants for
R22 that are out of the phase and the performance
investigation of the suitable alternative refrigerants as

compared with refrigerant R22 are the major challenge forthe ey jous experimental results [7]. Kaseraa et al. [9] previewed
researchers. Refrigerants R407C and R22 have common  qeyerq| studies deal with the performance of R22, R407C and

thermal properties, in addition of R407C safety properties, RA10A.
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I. INTRODUCTION

The refrigeration systems have important purpose in many
applications that associated with human activity. There are
various applications of the refrigeration system such as

The evaporator and condenser pressure drop of R407C
system are higher than those of R22 system. Devotta et al. [8]
numerically studied the evaporation and condensation in a
heat exchanger with refrigerants R22 and R407C using a
software that built-in model. The results validated their
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Most of the publications explained that the refrigerant R22
have better performance than that other refrigerants and the
R407C is selected as the suitable substitute instead of
refrigerant R22 from the retrofitting field but the refrigerant
R410A is more suited from the design view. Sharmas and
Babu [2] investigated theoretically the vapor compression
refrigeration system thermodynamic performance using
ozone friendly mixtures of HC and HFC as a substitute
refrigerant to substitute the refrigerant R22 with the condenser
and evaporator temperatures of 54.4°C and 7.2°C. The results
displayed the mixture R134a/R1270/R290 (50/5/45 by mass
percentage) have better thermodynamic performance than that
of R22 with energy savings, therefore, it is suitable substitute
refrigerant for R22 in AC applications.

Choudhari and Sapali [10] analyzed theoretically the
possibilities of R290 as a replacement to R22 based on
analytical calculations and the properties of refrigerants are
obtained using the software REFPROP. The results displayed
that the discharge temperature, volumetric refrigerating
capacity and refrigerant charge are lower with R290 system as
compared with those of R22 system. The R290 COP is
slighter than those of R22 system. The authors verified that
R290 be a good alternate to R22 in real refrigeration
applications due to its very good environmental, thermal and
physical properties.

Venkataiah and Rao [11] presented numerical results of a
5 kW room AC for different refrigerants that used as substitute
refrigerants instead of R-22 in AC applications. The
thermodynamic analysis of refrigerants R-22, R407C, R410A,
R-134a, R507A, R404A, R290, and R600a is investigated
using the software COOL PACK and a comparison is made.
Venkataiah and Rao [12] are used the simulation results for a
system include 1.5 TR cooling capacity AC unit with different
refrigerants that employed as replacement of R22 for AC
applications. The zero Ozone depletion potential refrigerants

are choosing in this study. The thermodynamic analysis of
R22, R507A, R134a, R404A, R410A, R407C, R290 and
R600a refrigerants has been investigated using COOLPACK
software. The results are obtained at fixed condenser
temperature and variable evaporator temperatures. The results
indicated that R290 and R600a require low refrigerant mass
flow rate and R507 and R404A need large refrigerant mass
flow rate, R600a required largest displacement volume of the
compressor and R410A required smallest displacement
volume of the compressor.

The basic vapor compression refrigeration systems and its
improvements with different application using various
refrigerants are studied and reviewed by some authors. The
investigations are used R22 and its replacements, Agrawal,
Patil and Nandab [13], Bedoi¢ and Filipan [14], Mahmood,
Ali and Noor [15], Park et. al. [16], Minh, Hewitt and Eames
[17], Mohanraj, Muraleedharan and Jayaraj [18], Mahmood,
Buttsworth and Malpress [19], Fatouh, Ibrahim and Mostafa
[20], Shaik and Babu [21] and Mahmood, Buttsworth and
Malpress [22].

The most previous studies deal with experimental and
theoretical investigation to find out the substitute refrigerants
to replace R22 using split air conditioner with cooling
capacity of 1-1.5 TR and specific ambient temperature.

The present paper includes an experimental study to
investigate the performance of window AC with evaporator
load capacity of 2 TR and different ambient conditions using
R22 and R407C as refrigerants. The type of the compressor is
a rotary hermetic. The study includes the comparison of the
cooling capacity, work of compressor, coefficient of
performance and pressure drop in the evaporator and
condenser, and the influence of the ambient temperature on
R22 and R407C systems to prove that the R407C be the
suitable replacement of R22 for the system.
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1. EXPERIMENTAL SETUP

The schematic diagrams of the experimental setup for the
present study are illustrated in Fig.1 and Fig.2. The
experimental rig include window air conditioner with main
four parts; rotary compressor, forced finned tube condenser,
capillary tube as expansion valve and forced finned tube
evaporator. In An auxiliary window AC nit is used to control
the temperature that surrounded the condenser, Fig. 2. The
pressures, temperatures, and electrical data at different
locations of the system are measured using pressure gauges,
thermometers (thermocouples), and Multimeter.

Fig. 2. All Parts of Experimental

High, low pressures and pressure drop in the evaporator
and condenser in the system are measured using four pressure
gages. The temperatures of the refrigerant are recorded using
thermocouples at different locations that installed on the
connection lines. Seven temperature measurements
(thermocouples) are installed along the tube of the condenser
to measure the temperature distribution along the condenser
tube. Multimeter is used to measure the current and voltage
readings of the compressor and the frequency meter is used to
measure the frequency of the compressor. The whole system
is operated using R22 as refrigerant and the data is collected
at various operation conditions. The refrigerant R22 is
replaced with R407C as substitute refrigerant, the compressor
oil replaced using suitable oil for R407C. The test process
consists of the following steps for both refrigerants: The main
window AC unit in the experimental rig is operated and the
fluid is circulated in the refrigeration cycle.

1. The other parts of the system are operated and the
temperature of the air surrounded the condenser is
specified at the desired temperature.

2. The measurement data are recorded when the whole
system is reached to the steady state operation.

3. The ambient temperature is changed to other
temperature the procedure is repeated.

Il. DATA REDUCTION

The performance data are calculated in the cycle, fig. 3,
which is assumed as an ideal cycle and it consist of the
following processes:

1-2: Compression, Isentropic process in compressor, S;=s;
2-3: constant pressure process with heat extraction in the
condenser
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3-4: Throttling process in the capillary tube, hs=ha .
4-1: constant pressure process with heat absorption in the
evaporator.
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Fig. 3. Refrigeration system and T-s diagram

The refrigeration effect in the evaporator is determined
from:

W.=hy—hy

Where h; represent the enthalpy at the entrance of the
compressor at evaporator pressure, kJ/kg.

hs represent the enthalpy at the inlet of the evaporator at
evaporator pressure, kJ/kg.

The work added by the compressor, kJ/kg is

We=h;, —hy

Where h; represent the enthalpy at the exit of the
compressor at condenser pressure, kJ/kg.
The COP of the refrigeration cycle as follow:

Refrigeration Ef fect

COP =

Work Doone

V. VALIDATION OF THE PRESENT WORK

To verify the present work, the results of the COP for
present work is compared with the previous experimental
work [7] that used a window air conditioner with cooling
capacity of 1.5 TR for two ambient temperatures using R22 as
refrigerant as displayed in table I.

TABLE |. COMPARISON BETWEEN PRESENT WORK AND PREVIOUS WORK [7]

Tamb, °C Present work Previous work
35 3 2.45
45 25 1.95

The trends of the present results and previous data are
similar, but the agreement in the values have a deviation due
to the variation in the cooling capacity for two systems (2 TR
for present work and 1.5 TR for previous work).

V.RESULTS AND DISCUSSION

The study is an experimental analysis to compare the
thermal and physical behaviors of a window air conditioner
unit using R407C with those of refrigerant R22. The
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performance of the systems using R22 and R407C refrigerants
are estimated under different ambient temperatures with
values 30, 35, 40 and 45°C to test that the refrigerant R407C
be a suitable replacement for refrigerant R22. Figs. 4-8
represent the influence of the ambient temperature variation
on the performance parameters in two refrigerant systems.

The variation of the compressor work with ambient
temperature is displayed in Fig. 4. As the ambient temperature
is increased, the compressor work increased for R22 and
R407C systems because the evaporator and condenser
temperatures are increased. An increase in the ambient
temperature led to add extra load on the compressor motor,
therefore, the compressor motor is operated longer time until
reaching the desired set point of the system. The increase of
compressor work for R407C system is higher than those for
R22 system because the evaporation and condensation of
R407C system are higher than those of R22 system under
similar environment temperature. The maximum variation in
the added work between two systems reaches to 22% at
ambient temperature 30°C.
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Fig. 4. Compressor Work of R22 and R407C systems

Fig. 5 displays the influence of the environment
temperature variation on the refrigeration effect for two
refrigerants. The refrigeration effect RE of R22 and R407C
systems decreases with the increase of the ambient
temperature. The cooling effect for R22 system is greater than
that of R407C system with similar operation conditions due to
small variation in thermal properties for two refrigerants R22
and R407C. The greatest variation in the RE between both
systems is about 5% at ambient temperature 30°C.
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Fig. 5. Refrigeration Effect of R22 and R407C systems
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The COP variation with its environment temperatures is
shown in Fig. 6. As the ambient temperature is increased, COP
is decreased for R22 and R407C systems. There is a large
difference between COP of two systems at some ambient
temperatures. The greatest COP difference is obtained at 30°C
with a percentage reached to 26%.
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Fig. 6. COP of R22 and R407C Systems

Fig. 7 shows the pressure drop in the condenser for R22
and R407C systems with variable ambient temperatures. The
condenser pressure drop for both refrigerants is different at
30°C and 45°C, while, the pressure drop have similar values
for other temperatures.
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Fig. 7. Pressure Drop within Condenser for R22 and R407C

The evaporator pressure drop for two refrigerants is
influenced by the ambient temperature, Fig. 8. The evaporator
pressure drop of the system that uses R22 is greater than that
for R407C with same operation conditions. The maximum
difference of the evaporator pressure drop is achieved at 40°C,
while the pressure drops for both refrigerants are equal at
45°C.
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Fig. 8. Pressure Drop within Evaporator for R22 and R407C

The condensation temperature distribution along the
condenser tube for R22 and R407C systems for 30 and 45°C
are shown in Fig. 9. The results displayed that, the increase in
the distance, the condensation temperature is decreased for
two refrigerant systems. The increase in the ambient
temperature led to an increase in the condensation temperature
because of shortage in heat reject from the condenser.
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Fig. 9. Condensation Temperature for R22 and R407C Vs Distance

VI. CONCLUSIONS

The retrofitting process of 2 TR window AC unit using
R22 as a refrigerant fluid with its replacement R407C requires
the comparison of performance between two refrigernats. The
following conclusions from the investigation are illustrated:

1. The refrigerant is charged into the system without
making any difference in the system except the
compressor oil is changed.

2. The greatest difference in refrigeration effect for R22
and R407C systems is reached to about 5%.

3. The COP of R22 system is greater than those of R407C
system with fair difference values, only there is a large
difference at ambient temperature 30°C.

4. The R22 system discharge temperature is larger than
those for the R407C system.

5. The evaporator and condenser pressure drops for
R407C system are lower than those of R22 system.

6. The condensation temperature along the tube of the
condenser is decreased as the distance is increased for
both refrigerants. The R407C system condensation
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temperature is greater than that for R22 system at all
conditions.

7. The R-407C may be selected as a good alternative to

retrofit R-22 due to the R-22 will be phased out.
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