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Abstract-- Exergy analysis has been applied to two air conditioning systems which made use of R-22 and R-600a refrigerants in an
effort to characterise exergy consumption and to identify areas requiring greater improvements in the systems. The study was
conducted by taking temperature and pressure data to perform mass and exergy analysis of the refrigeration system which comprises
of the compressor, the condenser, a throttle valve and an evaporator. The coefficient of performance, exergy destruction and exergetic
efficiency and inefficiency of the refrigeration systems was determined. Results show that the highest irreversibility occurs in the
compressor and the evaporator which have very close values. In the air conditioning system using R-22 refrigerant, the total exergy
destroyed was 5.47 kW, with the highest value of 1.76 kW in the evaporator and an inefficiency of 32.16% while the R-600a system
had the highest irreversibility in the compressor having 2.28 kW and inefficiency of 30.97%. The R-22 air conditioning system had a
COP of 3.08 and had a minimum temperature of 18°C in the delivery air while the COP of R-600a was 4.13, though higher than that
of R-22, had a minimum temperature of 21°C. The major energy into the system was through the compressor. The work done in the
compressor of the R-22 air conditioning system was found to be 1.104 kJ/s while that of the R-600a system was 1.102 kJ/s.
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1 INTRODUCTION

term used to fully define an air conditioning system

since an air conditioner can at an instance, cool the

Tropical climates general pattern is warm air in a room, and at another instance (when

temperatures. Depending on the type of tropical desired), heat up the air. It is the technology of

climate, humidity is variable with Equatorial
climates [1]. Humans are very sensitive to humidity,
as the skin relies on the air to get offload moisture.
The process of sweating is the body’s attempt to
keep cool and maintain its current temperature. If
air is at 100% relative humidity, sweat will not
evaporate into the air causing us to feel hotter than
the actual temperature [2].

Humidity control was the problem that originally
spurred the need for air conditioning. Air
conditioning was  first invented as a
dehumidification system in 1902 by Willis H.
Carrier [3]. Modern air conditioners dehumidify as
they cool, solving the problem of humidity control

[4].

In tropical regions like Nigeria, the use of air-
conditioners has been increasing rapidly. HVAC
[Heating, Ventilation, and Air Conditioning] is a

indoor and vehicular environmental comfort. The
rapid growth in the use of air conditioners will
represent a challenge for policy makers in the
country, who at a minimum must implement
policies to improve their efficiency [5]. Even in
temperate regions, the use of air conditioners is
rapidly growing. In southern Florida, for example,
the percentage of homes with air conditioning
increased from 5% to 95% in the 40 year period
between 1950 and 1990. One of the results has been
a huge surge in power demands in the state [5].

These HVAC systems consume large quantities of
energy, particularly electricity and represent a key
target area for improved energy efficiency [6].
Having an air conditioning unit with high efficiency
is highly preferable, that is, an air conditioning
system that can quickly regulate the air in a room in
a short while, using minimal power to achieve this
and also have a minimal effect on the environment
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in general. Air conditioned buildings often have
sealed windows, because open windows would
work against the system intended to maintain
constant indoor air conditions. The area of
application of air conditioning systems extends far
beyond just the indoor comfort of domestic homes
or possibly commercial buildings such as
restaurants, shopping centres and malls.

2 OVERVIEW OF EXERGY

Exergy, is a thermodynamic concept which enables
us to articulate what is consumed by all working
systems, whether they are man-made systems such
as thermo-chemical engines and electricity-driven
heat pumps or biological systems such as microbes,
plants, and animals including the human body.
When we use such expressions as “Energy
Consumption”, “Energy Saving”, and even “Energy
Conservation”, we implicitly refer to “Energy” as
intense energy available from fossil fuels or from
condensed uranium. But, it is confusing to use one
of the most well- established scientific terms,
energy, to mean “to be conserved” and “to be
consumed” simultaneously. This is why we need to
use the thermodynamic concept, Exergy, to
articulate what is consumed [7].

The usable energy in a system is called Exergy, and
it can be measured as the total free energies in the
system. Exergy is always consumed or destroyed
when a process involves a temperature change. The
destruction is proportional to the increase in
entropy of the system together with the
surrounding. The destroyed exergy is termed
Anergy. For an isothermal process, exergy and
energy are interchangeable terms and there is no
anergy.

3 METHODOLOGY

The schematic diagram of the basic system is shown
in fig 3.1 below

Pesae k03

@)

Figure 3.1 Schematic representation of the basic
Air Conditioning process SOURCE: CIBSE [24]

3.1 Data Acquisition and Analysis

The air conditioning system utilizes majorly,
electrical energy supplied to the compressor and
other auxillary componenets not involved in the
basic cooling or heating process but necessary for
proper functioning of the unit. Data was collected
on a per component basis of the four basic
components. Datasheets were prepared for the sole
purpose of detailed collection of data from the air
conditioning systems.

Analysis of the acquired data was carried out in line
with the purpose of the project work. Exergy studies
were conducted on the two air conditioning systems
using different refrigerants to determine the energy
consumption pattern and methods of energy
optimization in the systems. Typical reference state
pressure of 101 kPa was used for the analysis. The
entire components are installed in the same
environment and therefore have the temperature of
the surrounding constant.

3.2 Inefficiency

Exergy study allows a system to be analysed
more comprehensively by determining the exergy
destroyed in the various components of a system by
internal irreversibility and its causes. Inefficiency
can be defined as the ratio of the irreversibility or
the exergy destruction rate in each section to the
irreversibility over all sections [28] [29].

3.3 Exergy Expenditure

The exergy analysis was carried out on each
component separately. Exergy accounts for
individual process were presented in order to
identify major losses and evaluate the potential
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for further technical improvements in the design
and operation of an air conditioning system.

Table 1 Exergy balance of the
components of the air conditioning
system using different refrigerants at
ambient temperature of 297 K

EXERG IRREVE EXERG EXER
Y RSIBILI Y GY
CHANG TY INEFFI  EFFICI
E CIENCY ENCY
COM E.q
PONE AE, (kJ/s) I P
NT (kJ/s)
R- R- R- R- R- R- R R-
22 60 22 60 22 60 - 60
Oa Oa 0a 2 Oa
2
- - 3 2
com -y 172 g, 2
PRES 1 09 58 27 ), @ o .0
SOR
82 97 27 6 2 1
1 2
CON 0. 0. 11 1. 21 8 6 27
DENS 34 45 80 36 57‘ 5‘ 1‘ 1
ER 92 52 0 35 5
4 4
AN 0. 07 1 L2 o
orTtL % 97 L 44 9 g
E 93 41 72 43 1 s 6 8
VAL 02 2 55 2
vE 67 2 2
3 2
EVAP 3. 0. 1.7 2. 32 0. 2 23
ORA 70 23 60 27 17‘ 9' 6‘ 0
TOR 57 42 2 66 1
6 0
0 0 54 7. 10 1 1 10
TOT 70 35 0 0 0 0
AL 74 26 0 0

The exergy efficiency of each component is shown
in table 1. From the table, it is clear that the
component with the highest efficiency in the system
using R-22 refrigerant is the throttle valve with a
value of 28.62%, followed by the evaporator and
then the condenser. However, the least efficient
component is the evaporator. The R-600a system
has its highest efficiency in the condenser with a
value of 27.15% closely followed by the throttle
valve having 26.82% efficiency. In the two air
conditioning systems, the compressors both have
low efficiencies. A comparison between the two
shown in fig 4.2

R-22 R-600a

systems is below.

Exergy Efficiency
)

Figure 4.2 Histogram showing exergy efficiency of
the components using different refrigerant

4 CONCLUSION

The exergy analysis of two air conditioning systems
was conducted using R-22 and R-600a refrigerants.
In the air conditioning system using R-22
refrigerant, the total exergy destroyed was 5.47 kW,
with the highest value of 1.76 kW in the evaporator.
The evaporator also had the highest exergy
32.16%. The
compression cycle of operation was between
46.48°C and -15°C. In the system using R-600a as its
working fluid, the total exergy destroyed was 7.35
kW, with the highest value of 2.28 kW in the
compressor. Similar to the R-22 system, the
component with the highest exergy destruction rate

inefficiency  of basic vapour
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accounts for the highest inefficiency, the
compressor thus having an inefficiency of 30.97%. It
has been discovered that for different refrigerants,
exergy losses occur at different locations in the basic
vapour compression cycle depending on the nature
of refrigerant. Also, this analysis has helped to
establish the fact that the air conditioning system
operates a closed loop owing to the fact that the total
change in exergy for all component is zero
regardless of the type of refrigerant or the ambient
temperature the system may be operating in.

REFERENCES

1. The British Geographer, the climate of
tropical regions. Retrieved on November
19, 2015 from
http://thebritishgeograph/er.weebly.com/t
he-climate-of-tropical-regions.html.

2. How stuff works, what is relative
humidity and does it affect how I feel.
Retrieved on November 19%, 2015 from
http://science.howstuffworks.com/diction
ary/meteorological-
terms/question6511.htm

3. TROFAST Electrical Heating and Air,
Does air conditioning humidify. Retrieved
on November 20t 2015  from
http://airconditioningdfw.com/blogs/does
-air-conditioning-dehumidify/.

4. ASHRAE, Top ten things about air
conditioning. Retrieved on November 19t,
2015 from
https://www .asrae.org/resources--
publications/free-resources/top-ten-
things-about-air-conditioning.

5. Air Conditioning in the Tropics: Cool
Comfort or Cultural Conditioning, Kofi
Berko Jr., Lawrence Agbenabiese and
Peter du Pont, Centre for Energy and
Environmental Policy, University of
Delaware.

6. In the heat of the moment, optimize
HVAC. Jiteendra Sampathi Rao.

7. Introduction to the Concept of Exergy -
For a Better Understanding of Low-
Temperature-Heating and High-
Temperature-Cooling Systems, Abdelaziz
Hammache and Mansori Shukuya.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

IJSER © 2020
http://www.ijser.org

Energy and Exergy Analysis of a Reverse
Osmosis System for Portable Water
Production of a Factory in Ilorin, Nigeria,
Omole Samuel Olasunkanmi.

How stuff works, Home and
garden/appliances, how air conditioners
work, Charles W. Bryant, Marshall Brani
and Sara Elliot.

A Textbook of Refrigeration and Air
Conditioning, ]J. K. Gupta and R. S.
Khurmi.

Extracted from MOVACS.com [Mobile
Vehicle Air Conditioning Service]
Fundamentals of Engineering
Thermodynamics, 7t edition, Daisle D.
Boettner, Howard N. Shapiro, Michael J.
Moran, Margaret B. Bailey.

Exergy: The Quality of Energy, N.
Woudstra.

An Introduction to the Concept of Exergy
and Energy Quality, Version 4, March
2011, Truls Gundersen.

Extracted from Low Exergy Systems for
Heating and Cooling of Buildings, the
Guidebook.

Relationships  between Irreversibility,
Exergy = Destruction and  Entropy
Generation for Systems and Components,
Krakow K. I. ASHRAE Transactions vol
100, 1994.

Experiment on a Solar-Assisted Heat
Pump and an Exerdy Analysis of the
System, Cervantes ]. G, and Torress-Reyes
E. Applied Thermal Engineering, 2002.

A Study on the Evaluation of Energy
Utilization Efficiency in the Turkish
Residential-Commercial =~ Sector using
Energy and Exergy Analysis, Utlu Z. and
Hepbasli A. Energy and Buildings, 2003.
Analysis of Variable Refrigerant Flow and
Exergy in Air Conditioning System,
Rashid Ali Alshatti, University of Florida,
2011.

An Exergy Analysis of an Air
Conditioning System, Pauziah binti
Muhamad, Prof. Amer Nordin Darus,
Program Pengajian Diploma[Mechanical
Department], Universiti ~ Teknologi
Malaysia, 54100 Kuala Lumpur, Malaysia.
Faculty —of Mechanical, Universiti


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 11, Issue 8, August-2020

ISSN 2229-5518

21.

22.

23.

24.
25.

26.

27.

28.

29.

Teknologi, Malaysia, Skudai, 83100, Johor
Bahru, Johor, Malaysia.

National ~Program on Technology
Enhanced Learning [NPTEL], Mechanical
Engineering, Basic Thermodynamics,
Prof. Ashok Raichur.

Interpretation of the Exergy Equation for
Steady-Flow  Processes, Roland V.
Siemons, Department of Mechanical
Engineering, chair for industrial thermal
engineering, Twente University of
Technology, Enschede, the Netherlands.
Engineering Thermodynamics, Third
Edition, R. K. Rajput.

Extracted from CIBSE journal, March 2009
Exergy Analysis of R413a as Replacement
of R12 in a Domestic Refrigeration System,
Jocelyn Bonjour, Miguel Padilla, Remi
Revellin, Universite de Lyon, CNRS,
School of Mechanical Engineering, Central
University of Venezuela, Caracas 1051,
Venezuela.

Exergy  Analysis of Window Air
Conditioning  [VCR]  System  with
Refrigerants R22 and R407c, Chetan
Undhad, Mehul Tandel, Nikul Patel and
Prakash Patel.

Exergy  Analysis of a Domestic
Refrigerator with Different Refrigerants,
IJSER July 2012, Rahul Ukey and Sharad
Chaudhary.

Exergy Balance and Exergetic Efficiency,
Tsatsaronis G., Cziesle F., Institute of
Energy Engineering, Technical University
of Berlin, Berlin, Germany.

Development of a Pedal Powered
Hacksaw by Ajetunmobi David Tunmise
and Adeola Ademola IJSER vol 10, issue 6
2019.

IJSER © 2020
http://www.ijser.org

1396


http://www.ijser.org/



