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Abstract: Chlorodifluoromethane and difluoromonochloromethane is a Hydro-Fluoro-Chloro-Carbon (HCFC). It is a
colourless gas and is better known as HCFC-22 or R-22. It is used as a refrigerant in medium and low temperature
commercial and industrial refrigeration and freezer rooms, and also in cold stores, cabinets, water chillers and process
cooling. R-22 is often used as an alternative to the highly ozone depleting R-11 and R-12 because of its relatively low
ozone depletion potential of 0.055 among the lowest of chlorine containing halo-alkanes. In this paper, we propose a
system to detect the leakage of R-22 in domestic and industrial refrigeration applications. We have proposed a low cost,
portable and wireless detection system using android application and automated responses to cease the leakage of
refrigerant.
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I. INTRODUCTION

Refrigerants are specially selected substances that have
certain  chemical  characteristics including  good
refrigeration performance, low flammability and toxicity,
compatibility with compressor lubricating oils and metals,
and good heat transfer characteristics. [1] They are usually
identified by a number that relates to their molecular
composition. The ASHRAE handbook identifies a large
number of refrigerants by number. Inorganic refrigerants
are designated by 700, plus their molecular weight.

Figure 1 shows the representation of a refrigerant. [2] The
important examples are refrigerants R-12 and R-22. R-12,
dichlorodifluoromethane, has two fluorine, one carbon,
and two chlorine atoms in a methane-type structure.
Chlorine and fluorine, replace hydrogen atoms in the CH,
molecular structure. R-22 monochlorodifluoromethane,
has a similar structure to R-12, except for a single
hydrogen atom replacing a chlorine atom. The commonly
used CFCs and HCFCs are a cause for great concern,
because their accumulation in the upper atmosphere
creates a hole in the ozone layer that normally shields the
earth from the UV radiations of the sun. [3]

In 1987, more than 35 countries, including the United
States of America, signed the Montreal Protocol on
substances that deplete the ozone layer. [4] The Montreal
Protocol called for a freeze in 1989 and reductions in the
1990s on the production levels of R-11, R-12, R-113, R-
114 and R115.

The HCFCs, lacking chlorine, are no threat to ozone layer
but are not in common usage as refrigerants. CFCs which
contain more chlorine than HCFCs, are more serious
offenders, are very stable and do not breakdown rapidly in
the lower atmosphere.
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The clean air act of 1990 mandated the termination of
production of all CFCs such as R-12 in the USA by the
year 2000. [5][6] Government data indicate that that the
structural difference between them, R-12 has twenty times
the ozone depletion potential in the upper atmosphere than
R-22. Nevertheless, R-22 and other HCFCs are also
scheduled by the law for phase out of production by the
year 2030. [7]

Il. REFRIGERATION CYCLE

According to the second law of thermodynamics, heat
cannot flow from a colder region to a hotter region
spontaneously; work is required to achieve it. The
processes that take place during refrigeration and the
respective thermodynamics involved are called the
refrigeration cycle. Figure 2 shows the schematic diagram
of a refrigeration unit and figure 3 shows the processes
that take place during the cycle.

Figure 2 shows the components of a refrigeration unit. It
mainly consists of:

o Compressor

Condenser

Expansion Valve

Evaporator

A. Compressor

The vapour refrigerant from the evaporator is supplied to
the compressor where the pressure of the vapour
refrigerant increases to P, (compressor delivery pressure)
from P, (evaporator exit pressure). Also the temperature or
the vapour refrigerant increases from T, to T,, T, is the
superheated level. The whole process is assumed to be an

312



S li 278-102
IJARCCE "S5 (Pin) 2315 5940

International Journal of Advanced Research in Computer and Communication Engineering
LJARCCE ISO 3297:2007 Certified

Vol. 6, Issue 1, January 2017

isentropic process, where entropy of the vapour refrigerant whole process takes place at constant pressure, hence

remains constant. called isobaric heat rejection process, i.e, P,=Pa.
P./P,=Constant, for a given evaporative load. C. Expansion Valve

The high pressure liquid refrigerant passes through the
B. Condenser expansion valve where in the pressure drops to

The high pressure superheated vapour is made to pass evaporative pressure, i.e from P; to P4, where P; is
through condenser coils which transfers the heat to the expansion valve inlet pressure and P, is evaporative
ambient and condenses the vapour to liquid state. The pressure.

R-XYZ

R=Refrigerant

X=one less than the number of
carbon atoms in the compound
Y=number of hydrogen atoms+1
Z=number of fluorine atoms

Figure 1 Representation of a refrigerant
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Figure 2 Refrigeration Cycle
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Figure 3 Processes that take place during refrigeration cycle
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Figure 4 Block diagram of the refrigeration system and the sensors used to detect any leakage of refrigerant
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Figure 5 3-D Model of Compressor

Figure 8 Pressure sensors equipped within the pipes

Figure 9 Electronic Valve
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Figure 7 3-D model of the refrigerant leakage detection
sensor Figure 10 Feedback loop
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Figure 11 Evaporator

The whole process occurs at constant entropy, hence
called isentropic expansion process.

D. Evaporator

The liquid refrigerant enters the evaporator (evaporative
coils), the entropy of the liquid refrigerant increases, thus
the refrigerant vaporises at a constant pressure to become
vaporised refrigerant. The whole heat addition process
occurs at constant pressure, hence called isobaric heat
addition process, i.e P;=P,.

111.METHODOLOGY

Figure 4 shows the block diagram of the refrigeration
system and the sensors used to detect any leakage of
refrigerant. As soon as the process or system is initiated,
the compressor is switched on and expansion valve opens
depending on the evaporator load. The “low pressure high
temperature” refrigerant enters the compressor and the
compressor delivers “high pressure high temperature
superheated” vapour, i.e from state 1 to state 2 as
mentioned in the block diagram. Figure 5 shows the 3D
model of a compressor. The pressure sensors P; and P, are
placed at inlet and outlet of the compressor as shown in
figure 4. The compressor ratio P,/P; is almost a constant
for a given evaporative load. Thus any change or variation
in compressor ratio is processed by the microcontroller
and displayed suitably. The sensor S; is placed on or near
the compressor to detect the leakage if any and a signal is
passed to the microcontroller for processing.

Now, the “high pressure high temperature superheated”
refrigerant is made to pass through condenser where the
refrigerant gets condensed to a lower temperature liquid
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state, i.e, from state 2 to state 3 as shown in figure 4. The
sensors S,, S; and S, are placed near the condenser pipes
as shown in figure 6. Figure 7 shows the 3D model of a
refrigerant leakage detection sensor. The sensor has the
following features:

e High measuring range; i.e 0-10,000 ppm

High accuracy

Robust in nature

Simple in design

Easily connectable to microcontroller for processing
ADC unit to convert real time analog values to digital
for processing by ALU of the microcontroller.

Figure 8 shows the pressure sensors equipped within the
pipes as shown in figure 4. The sensor senses the pressure
and is sent to the microcontroller, where the pressure ratio
is checked for the nominal pressures depending on
evaporative load. If there is any leakage, there is pressure
change in the pressure ratio and thus is identified by the
microcontroller.

The “high pressure low temperature liquid” refrigerant
from the condensing coil enters the throttle valve at
constant temperature, where “high pressure” liquid
refrigerant gets throttled to low pressure liquid refrigerant
in the electronic expansion valve as shown in figure 9 i.e.,
state 3 to state 4 as shown in figure 4. The temperature of
the liquid refrigerant at the exit of the electronic expansion
valve is lower than the evaporator temperature. The
pressure sensors P3 and P, are placed at the inlet and the
outlet of the expansion valve as shown in figure 4. The
pressure ratio P3/P, is almost a constant for a given
evaporative load that is maintained by the feedback loop
as shown in figure 10. The sensor Sy placed near the
electronic expansion valve, detects leakage of refrigerant
as shown in figure 4. Thus, the “Low temperature low
pressure liquid” refrigerant is made to pass through the
evaporator which is as shown in figure 11. Here the liquid
temperature gains the heat from the evaporative space and
becomes “Low temperature high pressure vapour”
refrigerant i.e., from state 4 to state 1 which is as shown in
figure 4.

A. Processing and Output

Figure 12 shows the circuit diagram of a microcontroller
interfaced to a GSM module, indicator LEDs and
Smartphone interfaced via Bluetooth. [9]

Signals, P1, P2, P3 and P4 are connected to 1/0 ports A0,
Al, A2 and A3 respectively of the microcontroller.
Signals, S1, S2, S3, S4, S5, S6, S7 and S8 are connected ot
A4, A5, A6, A7, A8, A9, A10, A1l and A12 respectively
on the microcontroller.

A software program is written and dumped into the
memory of the microcontroller. There are two challenges
to be addressed by the microcontroller, they are:

e Amount of Leakage (in ppm) — the ppm sensors/
leakage detection sensors senses the leakage of R22
and the values are fed to the microcontroller.

e Region of leakage
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There are three conditions:

e If the amount of leakage detected is <1ppm, then the
green LED glows on indicating normal functioning.

o If the amount of leakage detected in between 1 ppm
and 10 ppm, then a yellow LED glows indicating
minimal leakage.

o |f the amount of leakage exceeds 10 ppm, the red LED
glows indicating maximum hazardous level of leakage.

Similarly,

e P2/P1 value is compared with the standard values and
LEDs glow accordingly.

e P3/P4 value is compared with standard values and
LEDs glow accordingly

Figure 14 shows the flow of signals in and out of the
microcontroller.
Figure 13 shows the sensor parameters and pressure

IV.EXPECTED RESULTS

As mentioned earlier, any leakage of the refrigerant R-22
in the refrigeration system can be indicated in 3 ways:

. Indication from LEDs
. Android application
GSM module [10]

A. LEDs

Figure 15 shows the leakage detection of the refrigerant at
particular region of the refrigerating system. A LED panel
is fixed on the door panel of the refrigerator and it will
indicate any leakage and the amount of leakage.

If the LED1 glows, then there is a leakage of the
refrigerant at the compressor, the amount of leakage is
colour coded as shown in figure 15.

Similarly, if LED2, LED3 and LED4 glow, then it

parameters with their digital representation and regions indicates at the condenser, EEV or evaporator
where leakage occurs. respectively.
Vee GND Reset
Tx EPROM
Rx

microcontroller

(Rl I~Y=] =]r]= [=]~]=]=]=]=)

P1P2 P3 P4 S1 52 53545556 57 S8 NC

Figure 12 Circuit diagram of a microcontroller interfaced to a GSM module, indicator LEDs and Smartphone interfaced
via Bluetooth
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Figure 13 Sensor parameters and pressure parameters with their digital representation and regions where leakage occurs
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Figure 14 Flow of signals in and out of the microcontroller

With Montreal Protocol Without Montreal Protocol

2064

Ozone Concentration

100 200 300 400 500
Dobson Units

Figure 17
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Figure 15 Leakage detection of the refrigerant at particular region of the refrigerating system
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B. Android Application

An android Smartphone application is developed and is
installed in a compatible Smartphone. Any leakage during
the refrigeration process is detected by the sensors and the
signal is passed through the Smartphone via Bluetooth and
any refrigerant leakage can be easily monitored using the
Smartphone.

Also, provisions are made to stop the refrigeration process
immediately in case of any leakage in order to prevent
further leakage of the refrigerant. Figure 16 shows the
layout of the android application for leakage detection.

C. GSM Module

If the refrigerant leakage has reached dangerous levels and
in case the device used to monitor the leakage is not within
the range of the Bluetooth, then there is a provision to
send SMS to a designated mobile number. Also, any
failure in the hardware, power supply, etc, can be notified
by sending SMS using the GSM module.

EEE-

Figure 16 Layout of the android application for leakage
detection

V. DISCUSSIONS

The Montreal Protocol actually restricts “consumption”
rather than use of ozone-depleting substances, but it
defines consumption as production plus imports less
exports and tightly controlled, exempted uses. By
addressing production and international trade rather than
use, the Protocol allows each country to determine
whether and how to allocate both the limited amounts by
application and the production quotas by manufacturer.

The Protocol placed a limit, often referred to as cap, on
HCFC production (actually “consumption” as defined)
beginning in 1996 in developed countries. The cap equals
2.8% of CFC plus 100% of HCFC “consumption” in 1989,
both weighted by the ozone-depletion potentials (ODPSs) of
the individual substances. Further reduction steps will
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follow. Those steps will limit “consumption” to 65% of
the cap by 2004, 35% by 2010, 10% by 2015, 0.5% by
2020, and finally 0% (phase-out) by 2030.

But 2030 is still a long way to go and essential monitoring
methods of refrigerant leakage must be adopted. Also, the
effectiveness of the leakage detection depends on the
present technologies available. Banning of refrigerants in
simple steps cannot be achieved easily.

Although some developed countries like USA and Canada,
which have already taken important and breakthrough
steps in doing so. The developing countries have to travel
an extra mile in doing so. Apart from ban of these
refrigerants the financial burden to be faced by the
industries in new installations must be kept in mind.
Figure 17 shows an estimation of the ozone concentration
in the earth’s atmosphere with and without the Montreal
protocol.

VI.CONCLUSION

The major problem faced in industrial and domestic
refrigerators is the leakage of refrigerant. This leakage is
main reason in the decrease in the performance of the
refrigerator. The leakage may occur at the condenser,
compressor, electronic expansion valve, or at the
evaporator.

In this paper, we have expressed our concern on the
damage caused by the refrigerants like CFCs and HCFs to
the ozone layer [11] which may lead to serious
consequences like skin cancer and also leakage of high
quantities of these refrigerants is highly toxic and can be

fatal. [12]
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