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1. Introduction

Rising temperatures, economic development, population growth and urbanisation have led to a
significant increase in global demand for space cooling. The energy consumption for space cooling
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has risen at an average pace of 4% per year since 2000, where the number of cooling units in
operation has more than doubled since 2000, reaching over 2.2 billion units in 2021[1].

The International Energy Agency (IEA) predicted that commercial and domestic space cooling will
account for 37% of the global electricity demand by 2050 and may match that of heating by 2060.
Also, cooling in buildings, industrial processes, and supply chains accounts for 7% of global
greenhouse gas emissions (GHGs) from energy consumption and the use of refrigerants, compared
with around 2% from the aviation sector [2]. Currently, mechanical Vapour Compression (VCC)
systems are dominant over air conditioning industry, a relatively mature and well-understood
technology, but with intensive energy consumption and environmental issues [3, 4]. The VCC
refrigeration system consists of four main components: compressor, condenser, expansion device,
and evaporator, which are connected to produce the refrigeration effect through thermodynamic
processes of compression, condensation, expansion, and evaporation [5, 6]. There are many
thermodynamic losses associated with the operation of vapour compression that need to be
addressed to provide high system performance, including constant enthalpy expansion due to high
discharge temperature of the refrigerant, large power consumptions, rise in the condenser heat
rejection, large throttling losses and drop in refrigeration capacity[7, 8]. Shah et al., carried out a
survey of the global air conditioning market revealing that the average efficiency of the sold air
conditioners is less than half compared to the top expensive air-conditioning units [9]. Generally, the
compression work for the VCC units is relatively high, particularly in the case for hot and dry climates,
where the standard VCC systems experience significant efficiency drop due to high condenser
temperatures leading to higher compression power consumption. Published data indicated that the
coefficient of performance (COP) of the VCC systems decreases by 2-4% for every 1 °C increase in the
condenser temperature [10].

Ambient temperature and humidity have significant effects on the performance of Vapour
Compression systems, particularly in air conditioning and refrigeration applications in terms of
cooling capacity and power consumption [11-13]. Higher ambient temperatures can limit the
performance of the vapour compression system in terms of its cooling capacity, energy efficiency and
increased compressor load [14-16]. The cooling capacity of a Vapour Compression system is adversely
affected by the temperature difference between the ambient air and the space to be cooled. As the
ambient temperature rises, the temperature differential decreases, and becomes more difficult to
reject heat to a hotter environment leading to reduced cooling capacity. Yusof et al., [17] carried out
experimental work using small capacity split-unit air conditioner with R-22 refrigerant to study the
effect of outdoor temperature on the performance of the air conditioner. They concluded that the
highest cooling capacity was obtained at 100% refrigerant charge for all outdoor temperatures, and
the cooling capacity dropped by 3.7% as the outdoor temperature increased from 30 °C to 36 °C.
Setyawan et al., [18] experimentally investigated the performance of 2.6 kW cooling capacity air
conditioner using R32 with outdoor temperature varied from 24 to 36°C while maintaining the
humidity ratio at 14.9 kg vapour per 1 kg of dry air. They concluded that as the outdoor air
temperature increased by 1°C, the power input increased by 1.4%, the cooling capacity decreased by
0.9%, and the coefficient of performance decreased by 1.95%. Yau et.al [19] used numerical
investigation for a split air-cooled ducted blower (ADB) air conditioner in an office building located in
Malaysia. They concluded that for every 1 °C increment in the outdoor temperature the total cooling
capacity of the ADB system was reduced by 2%.

The energy efficiency of a vapour compression system is generally measured by its coefficient of
performance (COP), which is the ratio of the provided cooling to the amount of electrical energy
consumed. Increased ambient temperatures result in decreased COP values, as the system needs to
work harder to transfer heat to a hotter environment, leading to higher energy consumption and
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reduced efficiency. Xiea et al., [20] developed a mathematical model for a vapour compression
cooling system and investigated the impact of increased ambient temperature on the system
performance. Simulations results showed that when ambient air temperature increased from 36¢ to
45¢, the system COP decreased by 17.3%. Khalifa et al., [21]conducted an experimental study on a
window air conditioner using refrigerant R407C by varying ambient temperature from 30 to 50°C and
concluded that the ambient temperature increases, the condenser heat rejection decreased by about
9.5% and COP decreased by 16%. Setyawan et al., [22] carried out experimental study on a vapour
compression air conditioner by varying ambient air dry-bulb temperature, and concluded that for
every 1°C increase in outside temperature, the input power increased by 1.4%, and COP decreased
by 2.0%. Also, height ambient temperatures can increase the workload on the air conditioner
compressor, where it must operate at higher pressures to achieve the desired cooling effect, leading
to additional stress and potential efficiency losses. Additionally, higher ambient temperatures can
increase the risk of compressor overheating, which may cause system failures if not properly
managed. Bilgili et al., [23] present an experimental investigation on a typical residential split air
conditioning system with ambient temperatures varying from 20 °C to 46 °C. Their results showed
that as the ambient temperature increased from 20 °C to 46 °C, the pressure difference between the
suction and discharge sections of the compressor has increased from 9.78 bar at 20 °C to 18.59 bar
at 46 °C, and the compressor load increased from 0.380 kW to 0.589 kW. The compression ratio (CR)
is defined as the ratio of the pressure at the outlet of the compressor to the pressure at the inlet.
When the load on a compressor increases from higher ambient temperature, the CR increases
accordingly, indicating higher power consumption and lower performance [24-26]. This is because
the compressor must work harder to compress the refrigerant with higher pressure inlet, and the
pressure at the outlet may not increase as much as it would under lower ambient temperatures.

Increased ambient humidity can have an adverse effect on the performance of the evaporator
and the condenser of the vapour compression cooling systems, thus reducing its performance [27-
31]. The condenser plays a significant role in rejecting heat to the surroundings, but when the
ambient air is already saturated with moisture, it will have a lower capacity to absorb the heat
released by the condenser. This reduces the effectiveness of condenser heat transfer, and the overall
efficiency of the system and can lead to higher energy consumption. Also, the presence of moisture
in the air affects the heat transfer coefficient between the condenser surfaces and the passing air.
Water vapour has lower thermal conductivity compared to dry air, which reduces the heat transfer
rate. This will lead to reduced system efficiency since the condenser will need to operate at higher
temperatures to achieve the desired cooling effect. Similarly, when the air passing the evaporator
coil is already saturated with moisture, it decreases the evaporator ability to absorb heat from the
space being cooled. This reduces the system cooling capacity produce inadequate cooling. Therefore,
high ambient humidity can result in increased energy consumption due to reduced system efficiency
and cooling capacity. Computational Fluid Dynamics (CFD) is important for predicting and monitoring
temperature and humidity levels in buildings, especially when integrated into desiccant systems CFD
allows us to accurately model, and calculate, airflow and heat transfer room type, ventilation, and
water source accounts. These technologies help optimize building design, HVAC design, and dry
systems, ensure energy efficiency and comfort in buildings and improve the quality and efficiency of
integrating CFD into dry systems is a powerful tool in modern building design and environmental
engineering [32-34].

In order to optimise the performance of the vapour compression cooling system, it is essential to
understand the effects of these ambient conditions on the system operation so that measures can
be taken to improve its performance and reduce its energy consumption. This work experimentally
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and numerically investigates the effects of ambient temperature and humidity on the performance
of the VCC air condition system in terms of power consumption and cooling performance.

2. Experimental Setup

Figure 1 shows the experimental test facility used to investigate the effect of ambient
temperature and humidity on the performance of an air conditioning system. It consists of a fully
insulated room [35] with a volume of 2.2 m3 connected with the vapour compression air conditioner
by a 15cm circular duct. The air conditioner is from Climachil LTD with model number PAC15H, it has
a cooling capacity of 15000 BTU/h and uses R410A as the refrigerant. The air conditioner consists of
an evaporator, condenser, compressor and capillary tube. Figure 2a shows a photograph of the
evaporator, it is a fin and tube heat exchanger with a tube outer diameter of 5mm and inner diameter
of 4mm and length of 19.9 m, a number of fins of 8 fins/cm and a total fin area of 2.25 m?, total
surface area of 2.616 m2. The evaporator has a frontal area of 0.32m x0.3m. Figure 2b shows a
photograph of the condenser with an outer tube diameter of 5mm and, inner diameter of 4mm and
length of 26.88m, a number of fins 8 fins/cm and total fin area of 7.2m?, total surface area of 7.38m?2.
The condenser has a frontal area of 0.6mx0.3m. The compressor has a rated power of 1.7 KW. The
system has three capillary tubes with a diameter of 3mm and a length of 50cm.

The system was instrumented to measure temperature, humidity, air flow rate, and power
consumption. Six K-type thermocouple temperature sensors were fitted inside the room and the VCR
system, as shown in Figure 1. Figure 3 shows the location of the thermocouples fitted on the vapour
compression cycle. The thermocouples are connected to a data logger type Picologer TC-08 with
temperature accuracy of a Sum of £0.2% of reading and +0.5 °C. For measuring air humidity, two
Elitech humidity and temperature sensors with accuracy + 3RH and + 0. 3 °C with uncertainty of
1.73% are situated at the evaporator suction duct and inside the room. The current input to the
compressor was measured using PicoLog® CM3 Current data logger with accuracy (voltage input) +
1%. Figure 4 shows photographs of the various measuring devices used. Arduino mega 2560
integrated with a relay kit was used to control the air conditioner compressor for 4 minutes cooling
process.
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Fig. 1. 3-D system description with sensors locations
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Fig. 2. Evaporator and condenser of the air conditioning system
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Fig. 4. Measuring sensors
3. Experimental Results

This section presents the experimental results for investigating the effect of ambient temperature
and humidity on the air conditioning system performance, including the compressor power
consumption, the operating temperatures of the compressor, evaporator and condenser and the
room indoor temperature and humidity. Figure 5 shows sample results of testing the air conditioner
with an ambient temperature of 23 °C and humidity of 37%. It can be seen that all measured values
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have reached steady-state conditions at around 4 minutes. Therefore, this operational time will be
the cycle time for the rest of the experiments.
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3.1 Effect of Ambient Temperature

In this section, experimental work was carried out to investigate the effect of increased ambient
air temperature on the performance of a vapour compression cooling system while the ambient
humidity is constant. Figure 6a shows the effect of ambient temperature on the electric current
consumed by the compressor, where the ambient temperature was varied from 22 °C to 27 °C and
40 °C while the air humidity remained constant at 55%. It can be seen that as the ambient
temperature increases, the electric current consumed by the compressor increases. Using the current
value at the end of 4 minutes, the power consumed based on 240Volts at an ambient temperature
of 40 °C is 935.52 Watts, at 27 °C, it is 845.04 Watts, and at 22 °C, it is 751.2 Watts. Therefore, an
increase in the power consumption of 184.32 Watts is produced by increasing the temperature by
18 °C, giving 10.24 Watts per 1 degree °C. This increase in power consumption can be explained by
the changes to the operating temperature of the various components of the vapour compression
cycle, as shown in Figures 6b to 6d. Figure 6b shows that increasing the ambient temperature
increased the compressor outlet temperature where at the time of 4 minutes, the compressor
temperature increased from 46 °C to 52.5 °C to 59.0 °C when the ambient temperature increased
from 22 °C to 27 °C to 40 °C, respectively. Also, figure 6¢ shows that as the ambient temperature
increased, the evaporator temperature increased where when the ambient temperature increased
from 22 °Cto 27 °C then to 40 °C, the evaporator temperature increased from 6.5 °C to 10.5 °C then
to 15 °C respectively. Figure 6d shows the effect of ambient temperature on the condenser
temperature which increased from 45 °C to 51.7 °C to 56.9 °C when the ambient temperature
increased from 22 °Cto 27 °Cto 40 °C.
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Figure 7 shows the effect of increasing the ambient air temperature on the room indoor
temperature and humidity. As the ambient temperature increased from 22 °Cto 27 °C, then to 40 °C,
the room temperature at the time of 4 minutes increased from 11.8 °Cto 17.6 °C then to 21.4 °C as
shown in Figure 7a. During the 4 minutes, the change in room temperature decreased significantly
due to the increase in the ambient air temperature where at 22 °C, the room temperature changed
by 7.8 °C, at 27 °C, the room temperature changed by 5.5°C and at 40 °C the room temperature
changed by 2.2 °C. This indicates a significant loss in the cooling capacity of the air conditioner as the
ambient air temperature increases. Figure 7b shows the effect of ambient temperature on the room
indoor humidity where at 4minutes the humidity increased from 53.2% at ambient temperature of
22 °C to 55.7% at ambient temperature of 27 °C then to 59.4% at ambient temperature of 40 °C.
During the testing period of 4minutes, the change in room indoor humidity changed from 7.9% at
ambient temperature of 22 °C to 8.2% at ambient temperature of 27 °C, then to 11.3%at ambient
temperature of 40 °C.
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3.2 Effect of Ambient Humidity

This section presents experimental work to investigate the effect of changing the ambient
humidity on the performance of a vapour compression cooling system while keeping the ambient
temperature constant. In the experiments, the humidity varied from 32% to 71% to 88% while the
ambient temperature was kept constant at 22 °C. Figure 8a shows the effect of ambient humidity on
the electric current consumed by the compressor, showing that as the humidity increases, the current
increases. At the time of 4 minutes, the current values increased from 3.08 Amps at a humidity of 32%
to 3.315Amps at a humidity of 71%, then to 3.555Amps at a humidity of 88%. With a voltage used of
240 volts, the power consumed is 739.2 Watts at 32% humidity, 795.6 Watts at 71% humidity and
853.2 Watts at 88% humidity. Therefore, with the increase of humidity from 32% to 88%, the power
consumed increased by 114 Watts.

Figures 8 b, ¢, and d show the effect of changing the humidity on the operating temperature of
the various components of the vapour compression system, namely the compressor outlet
temperature, the evaporator temperature and the condenser temperature. Figure 8b shows the
effect of varying the humidity from 32% to 71% and then to 88% while the ambient temperature is
kept constant at 22 °C on the compressor outlet temperature. At 4 minutes, the compressor outlet
temperature increased from 43.8 °C at a humidity of 32% to 48.75 °C at a humidity of 71%, then to
52.49 °C at a humidity of 88%. Similarly, Figure 8c shows that the evaporator temperature increased
by increasing the ambient humidity where at the time of 4 minutes, it increased from 5.25 °C at a
humidity of 32% to 8.87 °C at a humidity of 71% and then to 10.1 °C at a humidity of 88%. Figure 8d
shows that the condenser temperature increases with the increase in ambient humidity where at the
time of 4 minutes, it increased from 43.2 °C at a humidity of 32% to 46.4 °C at a humidity of 71% and
then to 50.7 °C at a humidity of 88%.
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Figure 9 shows the effect of varying the ambient humidity of the room indoor temperature and
humidity. Figure 9a shows that as the ambient humidity increases from 32% to 71% to 88% while the
ambient temperature is constant at 22 °C, the room indoor temperature at the time of 4 minutes
increased from 11 °C to 16 °C then to 19.2 °C respectively. However, the room temperature change
during the 4 minutes decreased from 9 °C at a humidity of 32% to 5.3 °C at a humidity of 71%, then
to 3.6 °C at a humidity of 88%. Therefore, it is clear that there is a loss in the cooling capacity due to
the increase in ambient humidity. Figure 9b shows that as the ambient humidity increases, the room
indoor humidity increases. At 4 minutes, it increased from 41.5% at ambient humidity of 32% to
64.4% at ambient humidity of 71% to 69.8% at ambient humidity of 88%. As for the change in room
indoor humidity over the testing period of 4 minutes, it changed from 3.9% at ambient humidity of
32% to 9.9% at ambient humidity of 71%, then to 10.5% at ambient humidity of 88%.
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4. Computational Fluid Dynamic Simulation of the Air-Conditioned Room

This section describes the CFD modelling carried out for the cooled volume shown in Figure 1.
The cooled volume is a room of 2 m3 with one inlet for the cold air flow and one outlet with a
0.2mx0.2m cross-section, as shown in Figure 10. The 3-D model was developed using COMSOL
multiphysics to predict the room humidity and temperature variation with time. The modules used
in this model are Turbulent flow (k-w) and heat transfer in fluids. Eq. (1) represents the Navier-Stokes
equation, which describes the conservation of momentum in the fluid.

Exist condition

Inlet condition

1.38m
(i 5
: x10% mm

-

\\ | i -1
1.65m '

z x10% mm 0 0
4
0.5
Ly >
x10° mm

Fig. 10. CFD model configuration
p(U.V)U=V.[pl+ K] +F + pg (1)

Eg. (2) is the continuity equation, which states that the divergence of the velocity vector
multiplied by density is zero.

V.(pU) =0 (2)
Eqg. (3) represents the transport equation for turbulent kinetic energy K, where u is the dynamic
viscosity.
_ Ty _2 _2 (3)
K=(u+uT)(VU + (VU)) 3 (u+um)(V.)I 3pKI

Eqg. (4) represents the transport equation for the turbulent kinetic energy dissipation rate, where
oy, is the turbulent Prandtl number for K.

p(U. VK = V.[(1 + proi) VK] + Py + BypwK (4)

Eq. (5) represents the transport equation for the specific dissipation rate w, where g, is the
turbulent Prandtl number for w, a is a constant, and [, is a model constant.

10
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w
p(UV)w =V.[(u+ pro,)Vw] + aEPK — Bipw? ,w = 0m (3)

Eq. (6) defines the turbulent viscosity p, which is related to the turbulent kinetic energy K and
the specific dissipation rate w.

_ kK (6)
HT—Pw

Eq. (7) represents the production term of turbulent kinetic energy K.

2 2
pic = . [PU: (VU + (PUY) = = (V. U)?] = = pKV..U 7

Eq. (8) represents the energy conservation equation (also known as the heat equation) for a fluid,
where the left-hand side represents the advection and diffusion of heat, and the right-hand side
represents the heat sources or sinks.

pCyUVT +V.q = Q+ Qp + Quq (8)

Eqg. (9) represents Fourier's law of heat conduction, where Q is the heat flux vector, and K is the
thermal conductivity of the fluid.

Q=-KV T (9)

Eqg. (10) defines the Reynolds number, which is a dimensionless quantity used to characterise the
flow regime in a fluid. It is defined as the ratio of inertial forces to viscous forces, where U is the mean
velocity, L is the characteristic length, and v is the kinematic viscosity.

UL
g = UL (10)
v

Eg. (11) defines the Grashof number, which is a dimensionless quantity used to predict the
occurrence of natural convection in a fluid. It is defined as the ratio of buoyancy forces to viscous
forces, where g is the acceleration due to gravity, a is the thermal expansion coefficient, AT is the
temperature difference, L is the characteristic length, and v is the kinematic viscosity.

alATL3 11
G _9g (11)

T V2

All physics were coupled and solved numerically using a time-dependent solver, which solves the
equations simultaneously to give accurate results with minimum solving iteration time for the non-
linear equations. The initial boundary conditions are set by assuming a room temperature of 25 °C
and relative humidity of 55%. During the four-minute cooling process, the energy equation and
Navier stocks equation were solved to predict the final state of air inside the cooling space using the
inputs listed in Table 1.

11
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Table 1

The parameters used in the model

Parameters Value
Room height(H) 1.38[m]
Room depth (D) 1.65[m]
Room width (W) 1.2[m]
Source inlet velocity( Us) 2.2[m/s]
Outside temperature (Tout) 20[degC]
Source air temperature( Tsource) 10.5[degC]

Wall heat transfer coefficient(h)

0.17[W/(mA2*K)]
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A mesh sensitivity test was conducted in COMSOL using different sizes of tetrahedron elements
mesh: Minimum number of elements, Extremely Coarse, Extra Coarse and Coarser. Table 2 shows

12
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the element count for each mesh size, and Figure 11a illustrates the temperature variation over time.
The Extra coarse mesh option produced similar results to the coarser mesh size but with a shorter
computational time of 133 minutes. In the other two cases, the maximum deviation error was 15 %.
Therefore, a coarser mesh size was used in the simulations, as shown in Figure 11b and they were
performed on a PC with an Intel Core i7 processor, 48 GB RAM, and a 1 TB SSD Hard Drive. The first
simulation case was run with air inlet conditions of 22 °C and 55% relative humidity, and the room's
initial temperature was 19.6 °C and 41.9% relative humidity.

Table 2

Mesh sensitivity analysis

Mesh size Domain Boundary Edge S'lmulatl'on Mesh size

elements elements elements time (min)

2 hours, 41

Coarser 71550 5662 338 minutes, 54 Coarser
seconds

Extra coarse 31127 2936 238 28 minutes, 3 Extra coarse
seconds

Extremely 11331 1178 146 13 minutes, Extremely

coarse 17 seconds coarse

Minimum 11 minutes Minimum

number of 10427 1096 139 ! number of
40 seconds

elements elements

Figure 12a and b compares the predicted room temperature and humidity from the CFD
simulation with those measured experimentally at 22 °C and 55% humidity, showing good agreement
with maximum deviations of 7.6% and 6.2%, respectively. Four consecutive repetitive experiments
were performed in the hot room, covering each of the four minutes. Four tests were conducted to
assess the repeatability of the temperature measurements within a controlled room environment,
each spanning a four-minute duration. During these tests, temperature changes were closely
monitored using precision instruments. The objective was to evaluate the consistency of
temperature readings over multiple runs. To maintain repeatability, a maximum allowable deviation
error of 14.7% was set as the tolerance threshold. This rigorous testing process helps ensure the
reliability and accuracy of temperature data collection, which is crucial for maintaining the desired
environmental conditions within the room, as seen in Figure 12c.
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Fig. 12. (a) Comparison of the model and experimental results for the room temperature variation
with time (b) Comparison of the model and experimental results for the room relative humidity
variation with time (c) Comparison of the experimental results for the room Temperature variation
with time

Figure 13a shows the 3D velocity, temperature and humidity distribution within the cooled space
after 4 minutes of simulation at ambient temperature of 22 °C and 55% relative humidity while figure
13b shows the same at ambient conditions of 40 °C and 55% relative humidity.
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Fig. 13. (a) Predicted velocity, temperature and humidity distribution in the cooled room after 4 minutes at
airinlet of 22 °C and 55% relative humidity (b) Predicted velocity, temperature and humidity distribution in
the cooled room after 4 minutes at air inlet of 40 °C and 55% relative humidity
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Figure 14a shows the 3D velocity, temperature, and humidity distribution within the cooled space
after 4 minutes of simulation at ambient conditions of 22 °C and 32% relative humidity while figure
14b shows the same parameters at ambient conditions of 22 °C and 88% relative humidity.
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Fig. 14. (a) Predicted velocity, temperature, and humidity distribution in the cooled room after 4 minutes at
airinlet of 22 °C and 32% relative humidity (b) Predicted velocity, temperature, and humidity distribution in
the cooled room after 4 minutes at air inlet of 22 °C and 88% relative humidity

Figure 15a shows the time enthalpy variation of the air in the room for the operating conditions
associated with 22 °C, 55% and 40 °C, 55% ambient conditions. This enthalpy change indicates the
amount of cooling achieved during the 4 minutes at these operating conditions. At ambient
temperature of 22 °C, the change in enthalpy of the room over the 4 minutes is 11.7kJ/kg.d.a while
at ambient temperature of 40 °C, it is 3.6kJ/kg.d.a. This shows that the amount of cooling decreased
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as the ambient temperature increased, indicating that the air conditioning system did not deliver the
required cooling rate to maintain the room temperature as the ambient temperature increases.

Figure 15b shows the time enthalpy variation of the air in the room for the operating conditions
associated with 22 °C, 32% and 22 °C, 88% ambient conditions. At relative humidity of 32%, the
change in enthalpy of the room air is 12.857kJ/kg.d.a while at relative humidity of 88%, it is
5.524kJ/kg.d.a. This enthalpy change shows that as the ambient relative humidity increases, the room
air enthalpy change decreases indicating that the ability of the air conditioning system to maintain
the required cooling capacity is significantly reduced.

50

45 W

40

w w
o un

Enthalpy kJ/kg(d.a)
NN
o U

[y
(¥}

10 —8—T=22 C & RH=55%
—8—T=40 C & RH=55%
0
0 1 2 Time(mins) 3 4 5
(a)
60
>0 .\—0\‘_.\._.
©
< 40
&
=z
>
= 30
>
o
©
<
€ 20
wl
10 —0—T=22 C &RH=32%
—0—T=22 C &RH=88%
0
0 0.5 1 1.5 2 25 3 3.5 4 4.5
Time(mins)
(b)

Fig. 15. (a) Room enthalpy variation with time at ambient temperatures of 22 °C and 40 °C
and constant relative humidity of 55% (b) Room enthalpy variation with time at ambient
relative humidity of 32 °C and 88% and constant temperature of 22 °C

5. Conclusions

Globally, demands for space cooling has significantly increased due to rising temperatures,
population growth and urbanisation. To meet these cooling demands, mechanical vapour
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compression cooling (VCC) systems are most used over other cooling technologies. VCC technology
is relatively mature and well-understood, but with intensive energy consumption and environmental
issues due to the refrigerants used that have high global warming potential. Also, ambient
temperature and humidity have significant effects on the performance of vapour compression
systems, particularly in air conditioning and refrigeration applications in terms of cooling capacity
and power consumption. Therefore, this paper experimentally and numerically investigates the
impact of ambient temperature and humidity on the performance of vapour compression air
conditioning system in terms of power consumption and cooling capacity. The following conclusions
can be drawn:

At ambient humidity of 55%, as the ambient temperature increases from 22 to 40 °C, the
compressor temperature has increased from 46 °C to 59 °C at the 4 minutes run. This resulted
in increasing the power consumption of the air conditioning system from 751.2 to 935.52
Watts, an increase of 184.32 Watts is produced by increasing the temperature by 18 °C giving
10.24 Watts per 1 degree °C.

As for the evaporator and condenser temperatures, results showed that increasing the
ambient temperature from 22 to 40 °C while the humidity kept at 55%, the evaporator
temperature increased from 6.5 to 15 °C while the condenser temperature increased from
45 °Cto 56.9 °C. As the evaporator and condenser temperatures increase, their heat transfer
performance decreases, therefore reducing the system overall performance. Particularly,
increasing the evaporator temperature leads to the increase in the temperature of air to be
delivered to the cooled space thus reducing its ability to maintain the room temperature at
the required comfort conditions.

Also, it was observed that as the ambient relative humidity increased, the performance of the
VCC air conditioning system deteriorated. At an ambient temperature of 22 °C, increasing the
ambient relative humidity from 32% to 88% resulted in increasing the compressor
temperature from 43.8 °C. This led to increasing the air conditioning system power
consumption from 739.2 Watts to 853.2 Watts, an increase of 114 Watts. Also, increasing the
ambient humidity resulted in increasing the evaporator temperature from 5.25 °C at a
humidity of 32% to 10.1 °C at humidity of 88%. Similarly, the condenser temperature
increased from 43.2 °C at humidity of 32% to 50.7 °C at a humidity of 88%. The increase in the
evaporator and condenser temperatures as the ambient humidity increases led to reducing
the heat transfer performance of these heat exchangers and the performance of the air
conditioning system.

Regarding the room air temperature and humidity, it was observed that increasing the
ambient temperature resulted in an increase in the room indoor temperature and humidity.
At humidity of 55%, increasing the ambient temperature from 22v to 40 °C resulted in
reducing the room temperature change (cooling) from 7.8K to 2.2K respectively. Also,
increasing the ambient temperature from 22 to 40 °C resulted in increasing the change in the
room air humidity from 7.9% to 11.3%. Similarly, as the ambient humidity increased from 32%
to 88% while the ambient temperature remained constant at 22 °C, the change in the room
air temperature decreased from 9K to 3.6K while the change in room air humidity increased
from 3.9% to 10.5%.

Computational fluid dynamic simulation is a powerful tool to predict the performance of
thermal systems. In this work, a validated CFD model was developed for the cooled space and
predicted its temperature and humidity with maximum deviation of 7.6% and 6.2%
respectively. This model was used to predict the air enthalpy change inside the room showing
that as the ambient temperature increased from 22 °C to 40 °C at relative humidity of 55%,
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the enthalpy change decreased 11.7kl/kg.d.a to 3.6kl/kg.d.a. While increasing the ambient
relative humidity from 32% to 88% at constant temperature of 22 °C resulted in decreasing
the enthalpy change from 12.857kl/kg.d.a to 5.524kl/kg.d.a. Therefore, increasing the
ambient temperature and humidity led to significant loss in the cooling provision for the
room.

vi.  This work highlighted the adverse effects of ambient temperature and humidity on the
performance of vapour compression air conditioning systems in terms of increased power
consumption and the loss of cooling capacity.
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