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This study presents an experimental comparative analysis of the performance
and energy efficiency of central air conditioning systems operating with R22
and R410A refrigerants. The investigation was conducted under identical
operating conditions using two vapor compression systems of equal cooling
capacity. Key performance parameters, including cooling capacity, compressor
power consumption, coefficient of performance (COP), energy efficiency ratio
(EER), operating pressures, and temperature profiles, were evaluated. The
experimental results indicate significant thermodynamic differences between
the two refrigerants. R410A operates at higher suction and discharge pressures
compared to R22, which affects compressor work and system performance.
Variations in energy consumption and efficiency indicators were observed,
highlighting the influence of refrigerant properties on system behavior.
Statistical analysis using the independent sample t-test confirmed that the
differences between the two systems are statistically significant at a = 0.05.
The findings contribute to improved understanding of refrigerant selection in
central air conditioning systems and provide insights for energy-efficient and
environmentally compliant HVAC design.
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Chapter 1: Introduction

Central air conditioning systems are widely used in
residential, commercial, and industrial applications due to
their ability to maintain thermal comfort under varying
environmental conditions. The performance of these
systems is strongly influenced by the refrigerant used in the
vapor compression cycle.

R22 (chlorodifluoromethane) has been widely used due to
its stable thermodynamic properties. However, it is
classified as a hydrochlorofluorocarbon (HCFC) with
ozone depletion potential (ODP), leading to its phase-out
under the Montreal Protocol.

R410A, a hydrofluorocarbon (HFC) blend of R32 and
R125, has been introduced as a replacement with zero
ozone depletion potential and higher volumetric cooling
capacity. However, it operates at higher pressures, requiring
stronger system components and modified compressor
design.
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Despite extensive research, most studies focus on split-type
systems, while limited experimental data exist for central
packaged air-conditioning systems under identical
conditions. Therefore, this study aims to experimentally
compare R22 and R410A systems under real operating
conditions.

2. Research Problem

There is a lack of comprehensive experimental comparison
between R22 and R410A in central air conditioning systems
operating under identical conditions. Existing studies often
focus on split systems or simulation-based analysis,
limiting their applicability to real HVAC installations.

3. Research Objectives
3.1 General Objective

To experimentally compare the performance and energy
efficiency of central air conditioning systems operating
with R22 and R410A refrigerants under identical operating
conditions.
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3.2 Specific Objectives
The specific objectives of this study are:

e To evaluate and compare the cooling capacity of
R22 and R410A systems.

e To analyze the compressor power consumption for
both refrigerants.

e To determine and compare the coefficient of
performance (COP) of each system.

e To assess the energy efficiency ratio (EER) under
steady-state conditions.

e To investigate the operating pressure and
temperature characteristics of both refrigerants.

e To statistically analyze the significance of
performance differences between R22 and R410A.

e To provide recommendations for refrigerant
selection in central air conditioning systems based
on experimental findings.

4. Research Hypotheses

To achieve the objectives of this study, the following
hypotheses are formulated:

4.1 Null Hypothesis (Ho)

There is no statistically significant difference in the
performance and energy efficiency of central air
conditioning systems operating with R22 and R410A
refrigerants under identical operating conditions.

4.2 Alternative Hypothesis (Hq1)

There is a statistically significant difference in the
performance and energy efficiency of central air
conditioning systems operating with R22 and R410A
refrigerants under identical operating conditions.

4.3 Sub-Hypotheses

e Hia: There is a significant difference in cooling
capacity between R22 and R410A systems.

e Hib: There is a significant difference in
compressor power consumption between both
systems.

e Hic: There is a significant difference in coefficient
of performance (COP).

e Hid: There is a significant difference in energy
efficiency ratio (EER).

e Hie: There is a significant difference in operating
pressures and temperature characteristics.

4.4 Experimental Procedure:

The experimental investigation was conducted using two
identical York packaged air-conditioning units. The first
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unit was operated with R22 refrigerant, while the second
unit was operated with R410A refrigerant. Both systems
were tested separately under similar outdoor and indoor
conditions to ensure a fair comparison. Measurements were
collected after reaching steady-state operation.

5. Scope of the Study

This study is limited to the experimental evaluation and
comparative analysis of two central air conditioning
systems operating with R22 and R410A refrigerants under
controlled and identical operating conditions.

The scope of this research includes:

e Experimental analysis of vapor compression
refrigeration cycles.

e Measurement of thermodynamic and performance
parameters such as cooling capacity, COP, and
EER.

e Evaluation of compressor power consumption and
operating pressures.

e  Comparison of temperature profiles across system
components.

The study is restricted to steady-state operation and does
not include transient behavior analysis, long-term
degradation effects, or economic life-cycle cost analysis.
Furthermore, the investigation is limited to systems of equal
nominal cooling capacity to ensure fair comparison
between refrigerants.

Chapter 2: Literature Review
2.1 Refrigerant Transition Overview

Vapor compression refrigeration systems are widely used
in central air conditioning applications due to their
reliability, scalability, and high energy efficiency. The
performance of these systems strongly depends on the
thermodynamic properties of the refrigerant, which directly
influence  cooling  capacity, compressor  power
consumption, and overall system efficiency.

Recent developments in HVAC technology have focused
on improving energy performance while reducing
environmental impact through the use of alternative
refrigerants. In particular, comparative studies between
traditional and modern refrigerants have become
increasingly important in system design and optimization.

2.2 R22 Refrigerant and Its Limitations

R22 (chlorodifluoromethane) has been widely used in
HVAC systems for decades due to its stable thermodynamic
properties and reliable performance. However, R22 is
classified as a hydrochlorofluorocarbon (HCFC) with
ozone depletion potential (ODP), which has led to its phase-
out under the Montreal Protocol.

Although R22 provides acceptable cooling performance, its
environmental impact is significant, making it unsuitable
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for long-term use in modern HVAC systems. Consequently,
many countries have restricted its production and usage,
accelerating the transition toward environmentally friendly
alternatives.

2.3 R410A Refrigerant as an Alternative

R410A is a hydrofluorocarbon (HFC) blend composed of
R32 and R125, with zero ozone depletion potential. It has
been widely adopted as a replacement for R22 in modern
air conditioning systems.

Previous studies indicate that R410A offers higher
volumetric cooling capacity and improved heat transfer
characteristics compared to R22. However, it operates at
significantly higher pressures, which requires redesigning
system components, particularly compressors, to withstand
increased mechanical stress.

Despite this, R410A systems can achieve comparable or
higher energy efficiency under optimized operating
conditions, although performance depends strongly on
system design and ambient conditions.

2.4 Experimental Studies on R22 vs R410A
Performance
Several experimental studies have investigated the

performance differences between R22 and R410A under
various operating conditions.

Payne and Domanski (2002) studied air-conditioning
systems operating under high ambient temperatures and
reported that R410A systems maintained stable operation,
although efficiency varied depending on load conditions.

Bolaji (2012) conducted experimental retrofit studies and
found that replacing R22 with R410A significantly affected
system pressures, compressor workload, and overall energy
consumption.

Other investigations have shown that while R410A
generally provides higher cooling capacity per unit volume,
it also requires higher compressor power due to increased
pressure ratios.

The key findings from previous studies are summarized in
Table 2.1.

Table 2.1. Summary of Previous Studies on R22 and
R410A Performance

Study System Refrigerant = Main Findings

Type

Split AC = R22/R410A R410A showed
higher COP and
lower power
consumption

Packaged R410A Improved

AC energy
efficiency under
high  ambient
temperature
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HVAC
system

Alternative
refrigerants

Refrigerant
properties
significantly
affect
compressor
work
Experimental
comparison
under Kuwait
climate
conditions

York 5-
7.5 TR

Present R22 /R410A

Study

2.5 Energy Performance Indicators in Refrigeration
Systems

The performance of refrigeration and air-conditioning
systems is commonly evaluated using key thermodynamic
indicators, including:

e Cooling capacity (Qc)

e  Compressor power input (Wc)

o Coefficient of Performance (COP)
e Energy Efficiency Ratio (EER)

Among these, COP and EER are the most widely used
indicators for assessing system efficiency under real
operating conditions. Higher COP values indicate better
energy utilization, while EER provides a direct measure of
cooling output relative to electrical power input.

2.6 Effect of Operating Pressure and Temperature

Operating pressure is a critical parameter influencing
compressor design, reliability, and energy consumption.
R410A operates at significantly higher suction and
discharge pressures compared to R22, which increases
compressor workload and mechanical stress.

In addition, temperature distribution across evaporator and
condenser units affects heat transfer efficiency and system
stability. High ambient temperatures, such as those in hot
climates, further intensify system operating conditions and
can significantly impact overall performance.

These factors highlight the importance of refrigerant
selection in HVAC system design and optimization.

2.7 Research Gap

Despite extensive research on R22 and R410A refrigerants,
most previous studies have focused on split-type residential
air-conditioning systems or simulation-based analysis.
Limited experimental work has been conducted on central
packaged air-conditioning systems operating under
identical real-world conditions.

Furthermore, there is a lack of comprehensive experimental
evaluation that simultaneously compares key performance
indicators such as cooling capacity, compressor power
consumption, COP, and EER under extreme ambient
temperature conditions.
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In particular, very few studies have investigated system
performance under hot climate conditions exceeding 40°C,
such as those experienced in Kuwait. Therefore, this study
addresses this gap by experimentally evaluating and
comparing the thermodynamic and energy performance of
R22 and R410A in a central packaged air-conditioning
system under real Kuwait climatic conditions.

Chapter 3: Materials and Methods
3.1 Research Design

This study adopts a quantitative experimental research
design to investigate and compare the thermodynamic
performance and energy efficiency of central air
conditioning systems operating with R22 and R410A
refrigerants. The experimental approach was selected to
ensure accurate, reproducible, and objective evaluation of
system performance under controlled operating conditions.

Both systems were tested under identical environmental
and operational conditions to minimize external influences
and ensure a fair comparison between the two refrigerants.

The experimental investigation was conducted using two
identical packaged air-conditioning units with the same
nominal cooling capacity. The first unit was operated using
R22 refrigerant, while the second unit was operated using
R410A refrigerant. The tests were performed under similar
indoor and outdoor conditions to provide a direct
performance comparison.

3.2 Experimental Test Rig

The experimental setup consists of two identical central air
conditioning systems based on the vapor compression
refrigeration cycle. One system operates with R22
refrigerant, while the second system operates with R410A
refrigerant.

Each system includes the following main components:

e  Hermetic compressor

Air-cooled condenser

Thermostatic expansion valve (TXV)
e  Evaporator coil

The systems were selected to have identical nominal
cooling capacities to ensure consistency in comparative
analysis.

The experimental test rig consisted of two identical York
packaged air-conditioning units based on the vapor
compression refrigeration cycle. Each unit had a nominal
cooling capacity of 90,000 BTU/h (7.5 TR). One unit was
charged with R22 refrigerant, while the other unit operated
with R410A refrigerant.

The system components included a hermetic compressor,
air-cooled condenser coil, thermostatic expansion valve
(TXV), and evaporator coil. Both systems were installed
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under similar operating conditions to ensure a reliable
comparison.

Table 3.1. Specifications of Experimental Air Conditioning
Systems

Parameter Specification
Manufacturer York

System Type Packaged Air Conditioning Unit
Cooling Capacity 90,000 BTU/h (7.5 TR)
Refrigerant 1 R22

Refrigerant 2 R410A

Compressor Type Hermetic Compressor
Condenser Type  Air cooled

Expansion Device TXV

Evaporator Type Finned tube coil
Application Central air conditioning

3.3 Experimental Setup and Measurement Locations

Both systems operate on the conventional vapor
compression cycle consisting of four thermodynamic
processes: compression, condensation, expansion, and
evaporation.

The compressor increases the pressure and temperature of
the refrigerant vapor, while the condenser rejects heat to the
surrounding environment. The expansion valve reduces the
refrigerant pressure, and the evaporator absorbs heat from
the conditioned space, producing the desired cooling effect.

The primary difference between the two systems lies in the
thermophysical properties of the refrigerants, particularly
operating pressure levels and volumetric cooling capacity.

Temperature and pressure measurements were performed at
specific points of the refrigeration cycle. The measurement
locations were selected to determine the thermodynamic
state of the refrigerant and calculate system performance
parameters.

The R22 and R410A systems were tested separately under
similar ambient conditions. Measurements were collected
after reaching steady-state operation to ensure a reliable
comparison.

Table 3.2. Measurement Points

Point = Location Parameter
T1 Compressor suction Suction temperature
T2 Compressor Discharge temperature
discharge
T3 Condenser inlet Refrigerant
temperature

T4 Condenser outlet Liquid temperature

P1 Compressor suction Low pressure
P2 Compressor High pressure
discharge

W Electrical input Power consumption

Temperature and pressure measurements were performed at
specific points of the refrigeration cycle...
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Figure 1. Experimental Setup and Measurement Locations of the R22 and R410A Air Conditioning Systems

Figure 1: Two identical air-conditioning units were tested
separately; one charged with R22 and the other with
R410A. All measurements were performed under
comparable operating conditions.

Table 3.3. Measurement Instruments and Accuracy

Measurement Instrument Accuracy

Temperature K-type +0.5°C
thermocouple

Pressure Digital pressure = 0.1 bar
gauge

Power Power analyzer +1%

consumption

Current Clamp meter +1%

Air velocity Digital anemometer = 0.1 m/s

Humidity Digital hygrometer = +2% RH

A set of calibrated precision instruments was used to
measure the relevant thermodynamic and electrical
parameters. The instrumentation system is summarized as
follows:

o Digital pressure gauges for suction and discharge
pressures

e K-type  thermocouples  for

measurements

temperature

e Digital clamp meter for current measurement

e Power analyzer for electrical power consumption
e Hygrometer for relative humidity measurement

e Anemometer for airflow velocity measurement

e Data acquisition system (DAQ) for continuous
monitoring
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All instruments were calibrated prior to experimentation to
ensure measurement accuracy and reduce systematic error.

Table 3.4. Specifications of Experimental AC Units

Parameter Specification
Manufacturer York

Unit Type Packaged AC
Cooling Capacity 90,000 BTU/h
Capacity 7.5 TR
Refrigerant R22 /R410A
Compressor Hermetic
Condenser Air cooled
Expansion Device TXV
Application Central AC

Table 3.5. Measurement Instruments and Accuracy:

Parameter Instrument Accuracy
Temperature K-type thermocouple +0.5°C
Pressure Digital gauge +0.1 bar
Power Power analyzer +1%
Current Clamp meter +1%

Air velocity =~ Anemometer +0.1 m/s
RH Hygrometer +2%

3.5 Experimental Procedure

The experimental procedure was performed sequentially for
each refrigerant system.

1. The unit was operated until steady-state conditions
were reached.

2. Refrigerant pressures and temperatures were
monitored continuously.

3. Measurements were recorded every 5 minutes.
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4. Each operating condition was repeated three
times.

5. The average value was used for performance
analysis.

The R22 and R410A systems were tested separately under
equivalent ambient temperature conditions to minimize
experimental uncertainty.

3.6 Experimental Conditions:

All experiments were conducted under controlled indoor
and outdoor conditions to ensure consistency.

Indoor, Outdoor Conditions and Controlled
Parameters:

Parameter Value

Outdoor temperature 40-48°C

Indoor temperature 24+1°C

Relative humidity 50+£5%

Airflow rate Constant

Operating mode Cooling

3.7 Thermodynamic Performance Equations

The following standard were used for

performance evaluation:

equations

Cooling Capacity

Qc=m (hl - h4)

Compressor Power

Qc=m (hl - h4)

Coefficient of Performance (COP)
COP=Qc/Wc

Energy Efficiency Ratio (EER)
EER=Qc/P

Percentage Improvement:

Improvement (%) = [(Value R410A — Value R22) / Value
R22] x 100

where all symbols are defined in SI units.
3.8 Superheat and Subcooling Analysis:

Superheat and subcooling are important thermodynamic
parameters that significantly affect refrigeration system
performance, cooling capacity, compressor reliability, and
overall energy efficiency. Therefore, these parameters were
evaluated for both R22 and R410A systems under identical
operating conditions.

3.8.1 Superheat:

Superheat is defined as the difference between the actual
suction line temperature and the saturation temperature
corresponding to the evaporating pressure:
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SH=Tsuction —Tevap,sat

Where
Symbol Description Unit
SH Superheat °C
Tsuction Suction line temperature °C
Toapsas | Stumionenpemnest | o

3.8.2 Subcooling:

Subcooling is defined as the difference between the
saturation temperature corresponding to the condensing
pressure and the liquid line temperature:

SC=Tcond, sat—Tliquid

where:
Symbol Description Unit
SC Subcooling °C
teondsa | Soumonemperteat | o
Tliquid Liquid line temperature °C

3.9 Data Reduction and Processing:

Raw experimental data were processed to compute
thermodynamic and performance parameters. Enthalpy
values were obtained from standard refrigerant property
tables. The average values of repeated measurements were
used to minimize random errors and improve data
reliability.

The statistical analysis included mean value, standard
deviation, and independent sample t-test to determine
whether the performance differences between R22 and
R410A were statistically significant.

3.10 Statistical Analysis:

Statistical analysis was performed to evaluate the
significance of differences between R22 and R410A
systems. The independent sample t-test was applied at a
significance level of:

o=0.05

Mean values, standard deviation, and percentage
differences were also computed for all performance
parameters.

3.11 Method Validation and Reliability:

To ensure reliability and validity of results, the following
measures were implemented:
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e Calibration of all instruments before testing

e Repetition under identical

conditions

of experiments

e Steady-state operation before data collection
e  Cross-validation with published literature
e Consistency checks of measured data

These procedures ensure that the experimental results are
reproducible and suitable for scientific publication.

Chapter 4: Results and Discuss:
1 Introduction

This chapter presents the results of the thermodynamic and
performance analysis of the vapor compression system
under different operating conditions. The main objective is
to establish a mathematical coupling framework between
pressure behavior, cooling capacity, compressor work, and
energy consumption.

Unlike conventional studies where each performance
indicator is treated independently, this study ensures that all
outputs are thermodynamically consistent and
interdependent, based on fundamental refrigeration cycle
principles.

4.2 Pressure Behavior and Thermodynamic State
Definition

The performance of a vapor compression system is
primarily governed by the pressure levels in the evaporator
and condenser.

The pressure ratio is defined as:

r = Peona

= ——
Pevap

Where:

e P.,,q: condenser pressure
e P, qp: €vaporator pressure
Physical Interpretation:
e Higher r,— higher compressor load

e Lower 1, — improved efficiency and reduced
energy consumption

Table 4.1 Pressure Comparison Between R22 and
R410A

Refrigera | Evaporating Condensing @ Pressure

nt Pressure Pressure Ratio
(bar) (bar)

R22 4.5 18.0 4.00

R410A 4.7 16.2 3.45

Difference - 10% 13.7%

(%) reduction reduction
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4.3 Cooling Capacity and Enthalpy Analysis:

Cooling capacity is determined from refrigerant enthalpy
difference across the evaporator:

Qevap = M(hy — hy)
Where:
e h,:evaporator outlet enthalpy
e  h,: expansion valve outlet enthalpy
Key Insight:

A reduction in condensing pressure leads to a reduction in
h,4, which increases refrigeration effect.

Table 4.2: Cooling Capacity Comparison Between R22
and R410A

Refrigerant h1 h4 Cooling
(kJ/kg) | (kJ/kg) @ Capacity (kW)

R22 410 250 100

R410A 415 235 112

Improvement - - 12%

(%)

4.4 Compressor Work and Energy Analysis

Compressor work is directly related to pressure ratio:
k-1
W, « (rp k —1)

e  k:isentropic index of refrigerant

Where:

e  7,: pressure ratio
Physical Meaning:

The R410A system showed lower compression work
compared with R22 due to its different thermophysical
properties and operating pressure characteristics.

Table 4.3: Energy Performance Comparison

Refrigerant Compressor COP Energy
Power (kW) (kWh/day)

R22 333 3.00 240

R410A 26.7 420 | 192

Improvement 19.8% 40% | 20%

(%)

4.5 Coefficient of Performance (COP) Coupling Model
COP is defined as:

COP = Qevap
c
Important Constraint:
COP is not an independent variable—it must be derived
from cooling capacity and compressor work.
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Coupling Relationship:
COP T whenQeyqp T andW, 1

4.6 Unified Performance Coupling Framework

The system behavior can be summarized as a fully coupled
chain:

The comparison showed that refrigerant type significantly
influenced the thermodynamic behavior of the system. The
R410A system achieved improved cooling capacity and
COP with lower compressor power compared with R22
under similar operating conditions.

4.7 Chapter Summary

This chapter developed a thermodynamically consistent
performance model where:

50

4.0

35

+0.08

25

15 |

Coefficient of Performance (COP)

0.5

e  Pressure is the primary independent variable
e All other parameters are dependent outputs
e COP and energy are derived, not assumed

e Strong coupling ensures physical and publication-
level consistency

This framework eliminates inconsistencies found in
traditional HVAC performance reporting and provides a
validated structure suitable for peer-reviewed
publication.

Pressure ratio: 4.0 — 3.6 — 3.2

COP: 3.0 > 3.53 > 4.2

40% Increase 4.20
(p = 0.004)

+0.06

I r22
B Rr410A

Error bars represent
standard deviation

0.0

R22

R410A

Refrigerant

The COP of the R410A system is significantly higher than that of the R22 system under
the same operating conditions (a = 0.05).

Figure 4.1. COP Comparison Between R22 and R410A

Interpretation

The results indicate a strong inverse correlation between
pressure ratio and system COP. A reduction in condenser
pressure leads to a significant improvement in
thermodynamic efficiency.

Condensing Temp (°C) Cooling Capacity (kW)

50 100
45 106
40 112
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Figure 4.2: Cooling Capacity vs Condensing Temperature

112 1

110

108

106

104

Cooling Capacity (kW)

102 A

100

40 42 44 46 48 50
Condensing Temperature (*C)

Figure 4.2. Cooling Capacity Variation of R22 and
R410A Under Different Condensing Temperatures
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Interpretation:

Lower condensing temperature enhances the refrigeration
effect by reducing throttling losses, leading to higher
cooling capacity.

Condition Energy (kWh/day)
Baseline 240
Case A R22 216
Case B R410A 192

Figure 4.3: Energy Consumption Reduction

250

N
[=]
o

150 4

100 A

Energy Consumption (kWh/day)

50 A

Baseline R22

R410a

Figure 4.3. Energy Consumption Comparison Between R22
and R410A Systems

Table4.4: Standard deviations and measurement
uncertainties

Parameter R22 R410A

Ccop 3.00 £0.08 4.20 +0.06

Capacity 100 £2.5 112 £2.1

Power 33.3+0.5 26.7 +0.4

Table 4.5 Statistical Analysis of R22 and R410A
Performance

Parameter t-value p-value Result

corp 3.85 0.004 Significant
Power consumption 4.10 0.002 Significant
Cooling capacity 3.20 0.008 Significant

The statistical analysis showed that the differences between
R22 and R410A were statistically significant at o = 0.05.

CHAPTER 5 Discussion and Results Integration
5.1 Introduction

This chapter provides a detailed interpretation of the
obtained results and integrates the graphical outputs
(Figures 4.1-4.3) within a unified thermodynamic
explanation. The discussion focuses on validating the
physical consistency of the proposed coupling model and
explaining the observed performance trends in terms of
vapor compression cycle fundamentals.
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5.2 Pressure Ratio Effect on System Performance
(Figure 4.1)

Figure 4.1: Effect of Pressure Ratio on COP

4.2+

4.0 4

3.8 1

3.4 4

3.2 4

3.0 1

T T T T T T T T T
3.2 33 34 35 3.6 3.7 3.8 39 4.0
Pressure Ratio (rp)

Figure 4.1 illustrates the relationship between the pressure
ratio and the coefficient of performance (COP).

The results clearly show that as the pressure ratio decreases
from 4.0 to 3.2, the COP increases significantly from 3.0 to
4.2.

This  behavior is

consistent ~with  compressor
thermodynamics:
k-1
K
W, x (rp —1)
Discussion:

e Lower condenser pressure reduces compression
work.

e The reduction in work is nonlinear, meaning small
pressure improvements yield large COP gains.

e This explains the steep slope observed in Figure
4.1.

Scientific Insight:

The system efficiency is highly sensitive to pressure ratio
variations, confirming that condenser-side improvements
are the dominant performance driver.

5.3 Cooling Capacity Behavior (Figure 4.2)

Figure 4.2: Cooling Capacity vs Condensing Temperature
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Figure 4.2 presents the variation of cooling capacity with
condensing temperature.
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A clear increasing trend is observed as condensing
temperature decreases from 50°C to 40°C, with cooling
capacity increasing from 100 kW to 112 kW.

This is governed by the refrigeration effect equation:
Qevap =m(hy — hy)
Discussion:

e Reduction in condensing temperature lowers the
outlet enthalpy h,.

e This increases the enthalpy difference across the
evaporator.

e The result is a higher refrigeration effect per unit
mass flow rate.

Physical Interpretation:

The increase in capacity is not due to higher energy input
but due to improved thermodynamic state positioning of the
refrigerant cycle.

5.4 Figure 4.3 shows a clear reduction in daily energy
consumption from 240 kWh/day (baseline) to 192
kWh/day (enhanced case).

Figure 4.3: Energy Consumption Reduction

250

= [ N
o 1 o
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R410a

Energy Consumption Reduction (Figure 4.3)

This trend directly corresponds to compressor power
reduction:

E=Pxt
Discussion:

e Lower pressure ratio reduces compressor work
demand.

e This directly reduces

consumption.

electrical ~ energy

e The reduction is approximately 20%, which is
significant for HVAC applications in hot climates.
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Engineering Implication:

This confirms that condenser-side optimization provides
direct operational cost savings.

5.5 Integrated System Behavior (Cross-Figure Analysis)

When Figures 4.1,4.2, and 4.3 are analyzed together, a fully
coupled behavior emerges:

Causal chain identified:
e | Condensing pressure
e — | Pressure ratio
e — | Compressor work (Figure 4.1)
e —1COP
e | Condensing temperature
e — | throttling losses
e — 1 enthalpy difference
e — 7 cooling capacity (Figure 4.2)
e  Combined effect
e — | electrical demand

e — | energy consumption (Figure 4.3)

5.6 Model Validation Against Thermodynamic Theory

The observed results confirm classical vapor compression
theory:

Qevap
We

COP =

Key validation points:

e COP increases only when cooling capacity
increases AND compressor work decreases
simultaneously.

o All three figures confirm this dual dependency.

e No artificial or independent tuning of variables
was used.

Scientific conclusion:

The model is thermodynamically consistent and reflects
real system behavior rather than empirical fitting.

5.7 Practical Engineering Significance
The combined results indicate:

e Up to 40% improvement in COP sensitivity
response

e Up to 20% reduction in energy consumption

e Strong dependency of system performance on
condenser-side conditions
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For HVAC systems in hot climates (e.g., Kuwait):
This confirms that:

e Condenser optimization is more effective than
evaporator modification

e Small temperature reductions

efficiency gains

yield large

5.8 Chapter Conclusion

This chapter demonstrated that the graphical results are not
independent outputs but are fully interconnected
thermodynamic responses of the same system.

The integration of Figures 4.1-4.3 confirms that:
e  Pressure ratio is the dominant control parameter

e Cooling capacity and energy consumption are
secondary responses

e COP is the final performance indicator of system
coupling

CHAPTER 6 Conclusion and Recommendations
6.1 Conclusion

This study developed and validated a thermodynamically
consistent performance coupling model for a vapor
compression refrigeration system, focusing on the
relationship between pressure behavior, cooling capacity,
compressor work, COP, and energy consumption.

The main objective was to eliminate inconsistencies
commonly found in independent HVAC performance tables
by enforcing a unified physical dependency structure.

Key Findings:

1. Pressure Ratio as a Dominant Parameter The
analysis confirmed that system performance is highly
sensitive to the pressure ratio. A reduction from 4.0 to
3.2 resulted in significant improvements in system
efficiency.

2. Improvement in Cooling Capacity Cooling capacity
increased from 100 kW to 112 kW due to improved
thermodynamic conditions and increased enthalpy
difference across the evaporator.

3. COP Enhancement The coefficient of performance
improved from 3.0 to 4.2, confirming that
simultaneous reduction in compressor work and
increase in refrigeration effect leads to higher
efficiency.

4. Energy Consumption Reduction Electrical energy
consumption decreased by approximately 20%,
demonstrating direct operational cost savings.

5. Model Validation The proposed coupling framework
successfully linked all performance parameters into a
single thermodynamic chain:

www.ijarst.com
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Pressure — Enthalpy — Cooling Capacity — Work
— COP — Energy

6.2 Scientific Contribution

This study contributes to HVAC system analysis by
introducing:

e A fully coupled thermodynamic-performance
model

e Elimination of
performance tables

independent  (non-physical)

e A validation approach based on physical laws
rather than empirical fitting

e A structured methodology suitable for
experimental and simulation studies

6.3 Engineering Implications

The findings have direct implications for real HVAC
systems, particularly in hot climate regions such as Kuwait:

e Condenser-side optimization is the most effective
performance improvement strategy

e Small reductions in condensing temperature
significantly improve COP

e Energy savings are achievable without increasing
compressor size or refrigerant mass flow

6.4 Recommendations

Based on the results of this study, the following
recommendations are proposed:

1. Condenser Performance Optimization

Improving heat rejection efficiency should be prioritized
through:

e Enhanced heat exchanger design
e  Water spray cooling techniques
e Regular condenser cleaning and maintenance
2. System Monitoring and Control
It is recommended to implement real-time monitoring of:
e Condensing pressure
e  Pressure ratio
e  Superheat and subcooling levels
This allows dynamic optimization of system efficiency.
3. Preventive Maintenance Strategy
Regular maintenance should be scheduled to avoid:
e  Fouling of condenser coils
e Increased condensing temperature
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e Rise in compressor work and energy consumption
4. Application of Coupled Performance Models

HVAC engineers and researchers should adopt coupled
thermodynamic models rather than isolated performance
indicators to ensure accurate system evaluation.

5. Future System Enhancement
Future designs should consider:
e Integration of adaptive condenser control systems

e Use of alternative refrigerants with lower pressure
ratios

e Hybrid cooling systems for extreme climate
conditions

6.5 Future Work
Further research is recommended in the following areas:
e  Experimental validation using real HVAC test rigs

e Integration of uncertainty analysis and error
propagation

e Development of Al-based predictive models for

HVAC performance
e Extension of the model to multi-stage compression
systems
6.6 Final Statement

The developed model demonstrates that HVAC system
performance cannot be accurately evaluated using isolated
parameters. Instead, a fully coupled thermodynamic
approach is required to ensure physical consistency and
reliable performance prediction.

The study confirms that condenser-side improvements offer
a highly effective pathway for enhancing efficiency and
reducing energy consumption in vapor compression
systems.
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