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An experimental investigation on the performance of an air conditioner and its operating
conditions under constant outdoor moisture content and varied dry-bulb temperature has
been accomplished. The test was conducted on an air conditioner using R32 with a nominal
cooling capacity of 2.6 kW and the test was carried out in a controlled and standardized
test room. During the test, the outdoor temperature was varied from 24 to 36°C while
maintaining the humidity ratio at 14.9 kg vapor per 1 kg of dry air. The indoor compartment
was maintained at 27°C dry-bulb temperature and 19°C wet-bulb temperature. Generally,
as the temperature of outdoor air increases by 1°C, the input power increases by 1.4%, the
cooling capacity decreases by 0.9%, and the coefficient of performance decreases by
1.95%. In addition, the outdoor air temperature has a more significant effect on the
refrigerant discharge and liquid line temperature than that of refrigerant suction

temperature.

1. INTRODUCTION

Global warming, as indicated by the increase of air
temperature near the earth surface, has been studied
extensively for decades. The greenhouse effect is considered
as the main cause that responsible for the increase of global
temperature. As reported by the Intergovernmental Panel on
Climate Change (IPCC), the mean global temperature is
predicted to increase in the range of 1.0 to 3.5°C by 2100,
depending on the scenarios related to the emissions that cause
the greenhouse effect [1]. Global warming also impacts to the
increase of cooling degree days (CDD) up to 54.1% in 2050s
and 83.0% in 2080s in major cities in India [2]. A study in
Singapore reported that climate change would increase the air
temperature by 2.2 to 3.8°C at the rural area in Singapore [3].
Refrigeration system has a significant contribution in global
warming, including system with hydrofluorocarbon-based
refrigerant [4]. In addition to global warming, the CO;
concentration could reach 570-750 ppm [5].

The presence of global warming could also affect the
demand for cooling. It was predicted that the need of
household air conditioner (AC) in the US increases up to 8%
[6]. It is also predicted that 2/3 of households in the world will
be equipped by air conditioners in 2050, in which half of the
total number of air conditioners can be found in China, India,
and Indonesia [7]. The International Energy Agency also
forecasts that the global number of air conditioners could reach
5.5 billion and the number of household refrigerator will also
increase to more than 2 billion in 2050 [8]. Globally, the
electricity demand for cooling was about 10% of total
electricity demand in 2016. This demand was projected to
triple by 2050. Minimum energy performance standards
(MEPS) for air conditioners are therefore needed to anticipate
the high demand of electricity for space cooling [9]. Tropical
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area usually requires more energy than other areas when its
environmental temperature increases [10]. For a smaller
region such as ASEAN (the Association of Southeast Asian
Nations), the electricity consumption for space cooling was
reported at 80 TWh in 2020 and projected to reach 300 TWh
in 2040 [11].

Higher environmental air temperature has a harmful effect
on the performance of an air conditioner. Under high outdoor
air temperature, the ability of condenser to reject heat
decreases and resulting a high condensing pressure. This
causes the higher work of compression to overcome the high
pressure difference across evaporator and condenser. In
addition, at higher condensation pressure, the suction pressure
increases slightly. This increases the mass density of the
refrigerant and increases the power required by the compressor
to compress the refrigerant.

High condensing pressure due to the higher outdoor air
temperature is indicated by the higher discharge and
condensing temperature. A study with R-417A and R-422D as
possible substitutes for R-22 was carried out at different
environmental air temperature from 24 to 33°C [12]. It was
observed that the variation of environmental temperature
resulted in the variation of discharge temperature from about
83 to 92°C when R-22 was used. An increase in condensing
temperature with increasing ambient temperature was also
reported from experiments using R22 and its substitutes R290,
R407C and R410A in 2 TR air conditioners [13]. An increase
in condensing temperature was observed for all refrigerants
when the ambient temperature was changed from 35°C to 55°C.
Due to the rise in ambient air temperature, power consumption
increased, cooling capacity decreased, and COP (coefficient of
performance) decreased. An experimental study by varying
environmental air temperature from 29 to 43°C in a 2.64 kW
air conditioner resulted in the increase of condensing
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temperature from 42 to 50°C [14]. Other results of this study
are a 36% increase in power consumption, a 32% reduction in
cooling capacity, and a 45% reduction in COP.

The effect of weather variation on the performance of split-
ducted air conditioners from 2020 to 2080 in an office building
Malaysia has been studied [15]. It was reported that every 1°C
increase of outdoor air temperature causes 2% reduction of
cooling capacity and COP (coefficient of performance). A
weather simulation was accomplished to produce the monthly
average ambient air temperature in 2020, 2050, and 2080.
From this study, it can be concluded that the performance
degradation of the air conditioners is faster in the period of
2050 to 2080 than that of 2020 to 2050. The faster decrease of
air conditioner performance is mainly caused by the higher
ambient temperature increase in 2050 to 2080. The effect of
the environmental condition on the COP of supermarket
refrigeration system has also been studied [16]. Here, the
performance depends on the month that reflects the
temperature of outside air.

An experiment by varying ambient temperature from 30 to
50°C in a window air conditioner employing 4-circuit and 8-
circuit condenser has been carried out using refrigerant R407C
[17]. As the ambient temperature increases, the condenser heat
rejection decreases by about 9.5% and COP decreases by 16%.
By varying refrigerant charge and ambient temperature, Y usof
et al. [18] reported the similar results for all level of charges,
i.e., the decrease of COP. Through an experiment by varying
the outdoor air temperature from 35 to 41°C, Orucet al. [19]
reported a decrease of cooling capacity by an average of 15.5%
and an increase of input power by about 3.9%. This
experiment was accomplished by using five different
refrigerants, i.e., R22, R422A, R422D, R417A, and R424A.
An increase of discharge temperature in the range of 2 to 15°C
was also revealed, depending on the refrigerant. Another
important finding from this experiment is the increase of
compression ratio by averagely 10.5% with the increase of the
outside air dry-bulb temperature (DBT). A slight decrease of
compressor capacity has also been found with the increase of
ambient air temperature. This data was obtained from an
experiment with R22, R417A, and R424A [20]. Tarish et al.
[21] reported a wide variation in condenser capacity, COP, and
cooling capacity due to the variation of outside air DBT. They
used EES software to analyze a split air conditioning unit in
terms of exergy and thermal performance. In this test the
outdoor and indoor temperatures were varied from 30-55°C
and 17-27°C, respectively. This study used temperature and
humidity data of six cities in Irag. The advantages of R-161
when operated under the same conditions have also been
highlighted.

Under constant relative humidity at 50%, Mitrakusuma et al.

[22] conducted an experiment to test the performance of an air
conditioner by varying the outdoor DBT from 24 to 38°C. This
study was carried out using refrigerant R32 with a cooling
capacity of 2.6 kW. The study reported that the power drawn
by the compressor increased by 1.6% if outside temperature
increases by 1°C. Also, for every 1°C increase in outside air
temperature, the energy efficiency ratio and cooling capacity
were reduced by 2.1% and 1.0%, respectively. Another study
was carried out by varying ambient air DBT (dry-bulb
temperature) and maintaining outdoor WBT (wet-bulb
temperature) at a constant value [23]. From this study, for
every 1°C increase in outside temperature, the input power
increased by 1.4%, cooling capacity decreased by 0.8%, and
COP decreased by 2.0%. Unlike the variation of outside air
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DBT, the outdoor air humidity does not significantly affect the
capacity and COP of the unit [24]. The capacity, input power,
and COP were constant in an experiment with constant outside
air DBT, even though the RH (relative humidity) was varied
from 40 to 70%.

In conjunction with the increase of outside air DBT, the
presence of outdoor wind and obstruction around the
condenser has the similar effect on the performance of an air
conditioner. By varying the direction of wind to the condenser
outlet by 30, 45, 60, and 90° at a velocity of 6.5 m/s, Setyawan
[25] reported an increase of condensing temperature from 50.9
to 55.3°C, in which the 90° direction (perpendicular to
condenser outlet) has the most significant effect. This study
also noted that the power consumption increased by 10.2%,
while the capacity and energy efficiency reduced by 7.9% and
16.5%, respectively. Similar to the high outdoor air DBT, the
presence of condenser obstruction decreases the capacity and
COP of an air conditioner [26]. The effect has been
experimentally investigated by installing airflow barriers in
front and side of condenser.

Many techniques have been studied and implemented to
minimize the harmful effect of high ambient air temperature.
One of the most popular methods is by utilizing evaporative
cooler. The use of cold mist water evaporative cooler in an air-
cooled chiller has been experimentally investigated by
injecting the mist water in the condenser air stream. This
method could improve the COP in the range of 56 to 91% than
that of conventional evaporative cooler [27]. An application of
evaporative cooler in a window air conditioner has also been
studied by applying evaporative cooler media made from grass
to decrease the outside air DBT before entering the condenser.
This technique can reduce the power consumption up to 13%
and improve the COP up to 18% [28]. By using evaporative
pads to reduce the condenser air temperature, Martinez et al.
[29] reported a reduction of input power by 11.4%, an
improvement of cooling capacity by 1.8%, and an increase of
COP by 10.6%. The use of condensate water from the
evaporator as a precooler for condenser air has also been
studied [30]. This technique could improve the COP by about
21.4% and reduce the power consumption by up to 6%.

Apart from evaporative cooling, the improvement of air
conditioner performance could also be made by using
nanoparticles [31], increase subcooling [32], and ejector [33].
The use of condensate to increase the liquid refrigerant
subcooling has been investigated and proven to improve the
COP by 16.4% and reduce the power consumption by 5.9%
[34]. By replacing the expansion device with ejector, a
decrease of exergy loss from an experiment with R290 air
conditioner was reported [35].

Studies to evaluate the effect of outdoor air temperature has
been extensively carried out for decades. However, no specific
research study on the performance of an air conditioner at
constant moisture content of outdoor air has been published
yet. This article discusses the performance evaluation of a split
air conditioning unit at various outside air DBT and constant
outdoor moisture content.

2. METHODOLOGY

In this experiment, an air conditioner using R32 with a
nominal cooling capacity of 2.64 kw or 9000 Btu/hr and
compressor nominal capacity of 1 HP was tested in a
controlled test facility. R32 or difluoromethane is a refrigerant



from a group of HFC (hydrofluorocarbons) refrigerant. It was
chosen in this experiment because it has a low GWP (global
warming potential) and zero ODP (ozone depleting potential).
Due to its superior characteristics, this refrigerant is now used
as a substitute for refrigerant R22 and R410A.

The outdoor unit of the air conditioner (comprises of
compressor and condenser) was installed at a controlled room
called as outdoor compartment while the indoor unit
(evaporator) was installed in an indoor compartment according
to 1SO 5151-2017 for testing and rating of non-ducted heat
pump or air conditioner. A standard cooling capacity rating for
moderate climates, usually designated by T1 Standard Rating
Condition, was used. During the test, the outdoor compartment
was maintained at constant humidity ratio (or specific
humidity) of 14.9 g water vapor per kg of dry air while the dry-
bulb temperature was varied from 24 to 38°C. The indoor
compartment was conditioned at dry-bulb temperature of 27°C
and wet-bulb temperature of 19°C. The sketch of the test
chamber is presented in Figure 1 and the air conditions at the
outdoor and indoor compartments are summarized in Table 1.
Symbol tg, denotes the dry-bulb temperature, W denotes the
specific humidity, and ty, represents the wet-bulb temperature.
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Figure 1. Air conditioner test room sketch. The indoor
compartment was maintained at 27°C DB/19°C WBT while
the outdoor compartment temperature changed from 24 -
38°C at a constant specific humidity of 14.9 g/kg

Table 1. Setting of outdoor and indoor conditions for
experiment

Outdoor conditions Indoor condition

NO 4 (°C) W (g/kg) tw(°C) ta(°C) W (g/kg) tus (°C)
1 2 149 203 27 1182 19
2 2 149 209 27 1182 19
3 28 149 215 27 1182 19
4 30 149 220 27 1182 19
5 32 149 26 27 1182 19
6 34 149 232 27 1182 19
7 36 149 236 27 1182 19
8 38 149 243 27 1182 19

Heater, cooling coil, and humidifier in both outdoor and
indoor compartments are used to maintain the compartments
in the desired conditions. A heater can be used to increase the
temperature of the compartment if the temperature is below set
point. When the compartment is considered too hot and too
humid, the cooling coil decreases the temperature and
humidity of the compartment. The humidifier is used when the
compartment is too dry below the set point.
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In this experiment, various parameters were measured to
obtain the COP (coefficient of performance) and cooling
capacity of the tested air conditioner. The COP is defined as
the ratio of the cooling provided by the refrigeration system to
the work needed to operate the air conditioner. In the other
words, COP is the ratio of heat removed from the cold side
reservoir to the mechanical work provided. For an air
conditioner, the cooling capacity is defined as the ability of the
evaporator to remove heat from a room. As the unit of the
cooling capacity is kW and the work provided to operate the
air conditioner is also indicated by kW, the COP is expressed
without units. Electrical parameters, such as current, voltage,
and power were measured to obtain the power required to
operate the air conditioner. The thermal performance of the
AC unit was calculated based on the DBT and WBT of the air
entering and leaving the AC evaporator, the volumetric air
flow across the evaporator, and quantity of water vapor
condensed in the evaporator.

From the measurement of the condition of air entering and
leaving the evaporator, the enthalpy of the entering air (hea)
and leaving air (hi) can be determined. The enthalpy
difference is then used to calculate of the air conditioner
cooling capacity by using:

qe =1 (heq — hig) (1)

Here, ge denotes the cooling capacity and m denotes the air
mass flow rate in the evaporator.

To calculate the mass flow rate, the following relation is
used:

m = pQ 2
where, p represents the average density of air across the
evaporator and Q is the volumetric flow rate. The last
parameter can be measured using air flow measurement
apparatus installed in the compartment. Basically, the
volumetric flow can be obtained by measuring the average
velocity and cross-sectional area of the channel in the air flow
measurement apparatus.

By combining Egns. (1) and (2), the cooling capacity can be
calculated using:

gde = pQ (heq — hig) (3)

For this experiment, the following equation can be used for

calculating the cooling capacity:

hea _ha
qo = u (4)

Vda

where, vga denotes the specific volume of dry air of the mixture
of air and water vapor.

In term of specific volume of air and vapor mixture, Eq. (4)
can be written as:

— Q(hea=huia)

€ vi,(+w) ®)
Here, vy, is the specific volume of air and water vapor
mixture and W denotes the specific humidity of moist air.
The total cooling capacity comprises of two components,
sensible (gs) and latent cooling capacity (qi).



de =qs + qu (6)

where,

— Q (Cpalfal_cpazfaz) — Q (Cpaltal_cpaztaz) (7)

s Vda v (1+W)
_Le Wi1—Wi3) _ Lo Wi1-Wi3) 8
Vda vl'm(1+W) ( )

qQ

In Eqgns. (7) and (8) L denotes the latent heat of evaporation
of water, Wi; and Wi, denote the specific humidity of air
entering and leaving the evaporator, respectively.

The coefficient of performance (COP) and energy
efficiency ratio (EER) of the air conditioner can be calculated
using the following equations:

_ qe(kW)
cop = 2223 ©)
and
EER = 3.412% (10)

COP measures the performance of air conditioning in term
of ratio of thermal cooling capacity in kW per power required
in KW. Meanwhile, the EER measures the performance of the
air conditioner in term of ratio of cooling capacity in Btu/hr
per input power in KW. In this study, the electrical input power
was directly measured using a power meter. Meanwhile, the
cooling capacity was determined using Eqgns. (1) to (8). These
equations can be solved using the data of dry bulb and wet bulb
temperature of supply and return air and the air mass flow rate
across the evaporator. In Eq. (10), the coefficient 3.412
expresses the conversion of Watt to Btu/hr.

3. RESULTS AND DISCUSSION

This section describes the performance of the tested air
conditioner in terms of COP, cooling capacity, and power
consumption. The operating conditions of the refrigeration
unit of the air conditioner are also examined to enrich the
discussion in this section. The parameter discussed for the
operating conditions are suction temperature, discharge
temperature, suction  pressure, discharge  pressure,
condensation temperature, and compression ratio. All data
presented in this section were taken at stable operating
conditions of the tested air conditioner.

As mentioned in Section 2, the conditions of the
compartments were maintained according to the temperature
setting as summarized in Table 1. The data samples of
temperature for outdoor and indoor compartments are
presented in Figure 2. In this figure, the dry-bulb and wet-bulb
temperature for outdoor temperature setting of 38°C/24.1°C
and indoor temperature setting of 27°C/19°C are presented.

3.1 Suction and discharge temperature

The profile of suction temperature is presented in Figure 3.
Figure 3(a) shows the change in suction temperature with time,
while the effect of the outside air DBT on the suction
temperature is summarized in in Figure 3(b).

The lowest outside air DBT (24°C) results in the

temperature at suction line of 10.6°C while the highest
outdoor temperature (38°C) results in the average suction
temperature of 11.73°C. The difference of the suction
temperature is, therefore, only about 1.1°C for the lowest to
the highest outdoor DBT. Here, the outside air DBT has no
significant effect on the suction temperature.
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Figure 2. Samples of dry-bulb and wet-bulb temperature at
the experiment using outdoor temperature of 38°C
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Using linear approximation, each 1°C of the increase in
outside air DBT, the suction temperature only increases by
approximately 0.09°C. The expression of the effect of change
of outside air DBT at constant humidity ratio on the suction
temperature can be expressed as:

touce = 0.0886 toq qp + 8.3912 (11)
where, tscc €xpresses the refrigerant suction temperature and
toadn denotes the outdoor dry-bulb temperature. The linear
trend of the suction temperature with the outdoor air
temperature has a correlation coefficient (R-square) of 0.957.
It means that the dependence of suction temperature on the
outdoor air temperature can be expressed in a linear equation
with a strong correlation.

For a comparison, the similar range of suction temperature
from 10.52°C to 11.62°C were reported for an experiment with
varied DBT and constant WBT [23]. This increases the suction
temperature by about 0.1°C for each 1°C of the increase of
outside air DBT. Another experiment with varied dry-bulb
temperature from 24 to 38°C and constant relative humidity of
50% also resulted in the similar range of suction temperature
10.36°C to 11.46°C [22]. It provides the increase of the suction
temperature by by 0.081°C per 1°C of the increase of outside
air DBT under constant relative humidity. Meanwhile, Joudi
and Al-Amir [13] informed that the suction temperature
increases by 0.06°C if the outside air temperature increase by
1°C. This data was obtained from their experiment using R22.
A Less significant effect of outside air temperature was found
for experiment using R290 and R407C.
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Figure 4. Profile of discharge temperature

On the other hand, the discharge pressure is significantly
affected by the outside air DBT (Figure 4). The average
discharge temperature is in the range of 85.1°C for outdoor
temperature of 24°C to 99.4°C for outdoor temperature of
38°C. The difference of discharge temperature reaches 14.3°C
for the same range of outside air DBT variation. Averagely, an
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increase of discharge temperature by about 1.03°C was noted
per 1°C increase of outside air DBT. The correlation of the
discharge and the outside air DBT can be expressed as:

taise = 1.026 toq qp + 60.1 (12)
where, tgisc is the refrigerant discharge temperature.

The range of discharge temperature of 85.10°C to 99.98°C
was reported in an experiment under constant relative
humidity and varied DBT of outside air [22]. It means that the
increase of outside air DBT by 1°C causes the increase of
discharge temperature by 1.08°C. Meanwhile, experiment
with varied outdoor air DBT under constant WBT caused the
discharge temperature increase by 0.97°C per 1°C change of
outdoor air DBT [23]. The range of discharge temperature for
this experiment was reported to be 88.4 to 96.7°C. Another
experiment with R424A with outdoor air DBT range from 25
to 35°C showed that the discharge temperature increases from
58.6 to 67.5°C [19]. This means that the discharge temperature
increases by 0.89°C for every 1°C increase of outside air DBT.
The similar effect of ambient temperature on the discharge
temperature has also been confirmed for refrigeration machine
[36]. A range of discharge temperature from 77 to 87°C was
reported when the fridge was operated at ambient temperature
range from 19 to 25°C.

3.2 Suction and discharge temperature

The increase of suction and discharge temperature of
refrigerant cause the increase of suction and discharge
pressure. In this experiment, the suction pressure was
measured at 1021 to 1095 kPa (10.21-10.95 bar) while the
discharge pressure was measured at 1721 to 2466 kPa (17.21-
24-66 bar) (Figure 5). If a linear approximation is used, the
increase of outside air DBT 1°C causes the increase of suction
pressure by 0.0601 bar and discharge pressure by 0.5348 bar.
The expressions for suction and discharge pressure (in bar) as
a function of outdoor air DBT for this experiment can be
written as:

Psyee = 0.0601 t,q 4 + 8.6513 (13)
Paise = 0.5348 toq qp + 4.1993 (14)

Here, Pst and Pgisc denote the suction and discharge
pressure in bar.
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Figure 5. Suction and discharge pressure vs outdoor DBT

Again, the outside air DBT significantly affects the
discharge pressure than that of the suction pressure.
Experiment with the same cooling capacity, same refrigerant,



and similar outside air DBT range under constant relative
humidity of 50% resulted in the range of suction and discharge
pressure of 10.10 to 11.32 bar and 19.52 to 28.18 bar,
respectively. The compression ratio (ratio of discharge
pressure and suction pressure) of this experiment is in the
range of 1.69 to 2.25. This range is similar to the previous
experiment with the range of compression ratio from 1.94 to
2.49 [22]. Experiment with R417A resulted in the increase of
suction pressure by 13.1% (from about 5.8 bar to 6.56 bar) and
discharge pressure by 15.7% (from about 26.5 bar to 30.5 bar)
when the outside air DBT was varied from 35 to 51.5°C [37].
This gives the pressure ratio range from 4.6 to 4.84. Using
higher range of outside air DBT (35 to 55°C), Joudi and Amir
[13] reported a variation of pressure ratio from 4.22 to 4.75.
The higher compression ratio is caused by the higher
condensing pressure needed to condensate vapor refrigerant in
the condenser at high outside air DBT.

3.3 Liquid line

Measured at the condenser outlet, this parameter represents
the temperature of liquid refrigerant after condensation in the
condenser. The profile of liquid line temperature can be seen
in Figure 6. At outdoor DBT of 38°C the average liquid
refrigerant temperature is 40.21°C. The average liquid line
temperature decreases to 38.24°C, 35.86°C, and 33.72°C when
the outside air DBT decreases to 36°C, 34°C, and 32°C,
respectively. When the outside air DBT was reduced to 30°C,
28°C, and 26°C liquid line temperature decreased to 31.80°C,
30.15°C, and 27.74°C, respectively. The lowest outside air
DBT gives the liquid line temperature of 25.59°C. Averagely,
the liquid line temperature is 1.92°C higher than that of
outdoor air. By a linear interpolation, for every 1°C rise in
outside air DBT, the temperature of liquid line rises 1.014°C.
The relation between the outside air DBT (toa, o) and the
temperature of refrigerant in the liquid line (ty) can be
expressed as:

ty = 1.0139 t,q 45 + 1.2863 (15)
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Figure 6. Liquid refrigerant temperature data for various
outdoor DBT

Previous experiment with varied outside air DBT from 24°C
to 36°C at constant wet-bulb temperature of 22°C resulted in
the variation of liquid line temperature from 25.6°C to 37.7°C
[23]. For every 1<TCrise in outside air DBT, the temperature of
refrigerant in the liquid line rises 1.01<C, similar to that of
present work. Meanwhile, experiment by varying outside air
DBT 24°C to 38°C at constant relative humidity of 50% gave
a range of condensing temperature from 30.49°C to 45.36°C
[22]. It should be noted that the liquid line temperature is not
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equal to the condensing temperature. Subcooling may occurs
in the refrigerant at the liquid line measuring point. Therefore,
the condensing temperature will be higher than that of liquid
line temperature. Another experiment under high ambient
temperature from 35°C to 55°C resulted in the condensing
temperature range of 43°C to 53°C, 52°C to 59°C, and 56°C to
63°C for R290, R407C, and R22, respectively [13].

3.4 Supply air temperature

This parameter represents the air temperature after being
cooled by the evaporator and it was measured at the evaporator
outlet. Generally, the lower supply air temperature gives the
higher cooling capacity. As in refrigerant suction temperature,
the supply air temperature slightly increases with the increase
of outside air DBT. In this experiment, a range of supply air
temperature of 14.0°C to 14.97°C was resulted. The lower
outside air DBT gives the lower supply air temperature. By
examining Figure 7, it is clear that the outside air DBT has a
less significant effect on the temperature supply air, as
indicated by its slope. A difference of 14°C of outside air DBT
only results in the difference of supply air temperature of
0.7°C. By using a linear interpolation, every 1°C increase in
outside air DBT provides 0.074°C increase in supply air
temperature. The relation between the supply air temperature
(tsa) and the outside air DBT for this experiment is

tea = 0.0744 to, qp + 12.164 (16)

This linear correlation has a correlation coefficient of 0.977.
It means that the supply air temperature has a strong linear
correlation with outdoor air temperature.

The slight variation of supply air temperature is probably
caused by the slight variation in evaporating temperature of
refrigerant in the evaporator. This can be inferred from the
slight variation of the suction pressure data from 10.21 to
10.95 bar absolute.
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Figure 7. Supply air temperature as a function of outdoor
DBT

The supply air temperature profile of the present data is in
accordance with the results of experiment by varying outdoor
dry-bulb temperature when the WBT is constant [23]. In this
previous experiment, the rate of change of supply air
temperature rises 0.068°C if the outside air DBT rises by 1°C.
The similar result was reported for an experiment by varying
the outside air DBT under constant relative humidity [22].
Using higher range of outdoor temperature from 35 to 51.5°C,
Elgendy et al. [37] reported an increase of supply air
temperature from 14 to about 15.4°C. On average, every 1°C



increase in outside air DBT gives 0.08°C increase of supply air
temperature. This result is also in a good agreement with the
current data.

3.5 Power

An almost linear change in power consumption due to the
change of the outside air DBT was revealed in this experiment.
As shown in Figure 8, the power required to operate the air
conditioner is about 817 kW at outside air DBT of 24°C. The
power increase to 980 W when the outside air DBT increases
to 38°C. In other words, every 1°C changes in outdoor air
temperature gives 11.6 W change in power consumption, or
1.43%/°C. The effect of the outside air DBT at constant
humidity ratio on the power required by the air conditioner can
be written as:

Py =116 tyqqp + 535.8 (17)
where, Pi, is the input power in Watts.

Previous experiment using the same equipment under
constant relative humidity resulted in the rate of change in
power by 1.6% per 1°C change in outside air DBT [22].
Meanwhile, experiment with constant WBT resulted in the rate
of change in power by 1.4% per °C of change in outdoor air
[23].

Using R417A and range of outside air DBT from 35 to
51.2°C, it was reported that the power consumption increased
by 25.4% (1.57% for each 1°C increase of in outside air DBT)
[37]. Instead of in term of outside air DBT, Kumbhar et al. [38]
informed that 1°C increase in condensing temperature can
cause an increase of compressor power 1.9%.

An increase of power drawn by compressor about 1.3% was
noted when the outside air DBT increases 1°C [18]. The data
was obtained from an experiment using a split-type air
conditioner with a nominal cooling capacity of 3.81 kW in an
experiment using outside air DBT 30 to 36°C. Tarish et al. [21]
reported an increase of compressor power from 1.604 kW to
3.523 kW when the outside air DBT was varied from 30 to
55°C. In this report, every increase of outside air DBT 1°C
causes the increase of compressor power 4.7%. This rate of
change of power per °C variation of outside air DBT is higher
because a constant cooling capacity was used in this
experiment.
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Figure 8. The power required to operate the air conditioner
as a function of outside air DBT

3.6 Cooling capacity

At the outside air DBT of 24°C, the cooling capacity of the
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tested air conditioner was recorded to be 2.79 kW. Increasing
the outside air DBT to 26, 28, and 30°C results in the drop of
capacity to 2.74, 2.69, and 2.64 kW, respectively. The capacity
continuously drops to 2.59, 2.49, and 2.48 kW with the
increase of outside air DBT to 32, 34, and 36°C, respectively.
At the hottest outside air (38°C), the cooling capacity was
reduced to 2.43 kW. The profile of the cooling capacity with
various outside DBT is presented in Figure 9. Detailed
examination of this figure reveals that the cooling capacity
decreases 12.7% when the outside air DBT increases 14°C. On
average, for every 1<C increase in outside temperature, the
cooling capacity decreases by 0.9%. The relationship between
the cooling capacity (ge) and outside air DBT can be written in
the following expression:

qe = 26.28 toqqp + 3423.4 (18)

Previous experiment by varying outside air DBT and
constant WBT revealed that the cooling capacity decreased by
0.8% per 1°C increase of outside air DBT [23]. Similar
experiment using a constant 50% relative humidity with the
varied outside air DBT reveals that the cooling capacity drops
by 1% for every 1°C increase of outside air DBT [22]. A higher
decrease of capacity of 1.3% for every increase of saturated
condensation temperature by 1°C was reported by Kumbhar et
al. [38]. Yau dan Pean [15] reported the highest drop of
cooling capacity per degree increase of outside air DBT, i.e.,
2% per °C. In addition, experiment with R417A resulted in the
decrease of cooling capacity by 39.3% when the outside air
DBT increases from 35 to 51.5°C [37]. Averagely, it gives
2.38% capacity reduction per 1°C increase in outside air DBT.
Another experiment using R424A with outside air DBT range
from 35 to 41°C resulted in the drop of cooling capacity by
11.4%. Averagely, it gives a drop of 1.9% per °C increase of
outside air DBT [19]. Experiment with lower range of outside
air DBT with the same refrigerant gives a drop of refrigeration
capacity by 0.9% for each °C increment of outside air DBT
[20]. This result is similar to the current work.
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Figure 9. The cooling capacity of the air conditioner as a
function of outside air DBT

3.7 Coefficient of performance (COP)

The COP of this experiment ranges from 2.48 to 3.41. The
lowest COP was resulted from experiment with the highest
outside air DBT and the highest COP was obtained from the
lowest outside air DBT. For the predetermined range of
outside air DBT, the COP drops by 27.3% for 14°C increase
of outside air DBT. Particularly, every 1°C increase of outside
air DBT causes the decrease of COP by 1.95%. The profile of



COP is depicted in Figure 10.

The COP is in a good agreement with that of experiment
with varied outside air DBT and constant relative humidity
[22], in which 2.1% decrease of COP was reported per 1°C of
increase of outside air DBT. The similar result for COP or
EER variation of 2.28% per 1°C change in outdoor air
temperature was reported for an experiment by varying outside
air DBT at constant wet-bulb temperature [23]. These COP
profile as function of outdoor air temperature were confirmed
by Yau and Pean [15], in which every 1°C change in outside
air DBT caused change of COP by 2%. A decrease of COP
from 6.5 to 2.8 when the outside air DBT increases from 30 to
55°C was reported by Tarish et al. [21]. Here, 25°C increase
of outside air DBT caused a decrease in COP by 67%.
Averagely, every 1°C of the increase of outside air DBT gives
a decrease in COP by 2.3%. A lower rate of decrease of COP
per degree Celsius change in outdoor air temperature was
reported from an experiment using four and eight circuit
condensers. About 17% decrease of COP was obtained for the
change of outside air DBT from 30 to 50°C [17].

0

28 30 32 34 36 38

Qutdoor temperature (°Q

22 24 26 40

Figure 10. The COP of the air conditioner as a function of
outside air DBT

4. CONCLUSIONS

From the experiment with constant moisture content (14.9
g water vapor per 1 kg of dry air) and varied outside air DBT
(24 to 38°C), it was revealed that the outside air DBT has a
significant effect on the discharge and liquid line temperature
than those of suction temperature and supply air temperature.
A more significant effect on the discharge pressure rather than
suction pressure has also been recorded in this experiment.

As the outside air DBT was varied from 24 to 38°C, the
power consumption increases by 20% or 1.4% for every 1°C
increase of outside air DBT. For the same range of outside air
DBT, the cooling capacity drops by 12.7% or 0.9% per 1°C
increment of outside DBT. It gives in the decrease of the
coefficient of performance by 27.3% or 1.95% per 1°C.
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NOMENCLATURE Greek symbols

COP coefficient of performance (-) Yol density (kg. m®)
Cp specific heat (kJ kgt °C?)
DBT dry-bulb temperature (°C) Subscripts
EER energy effciency ratio (Btu.hr1w-?)
h enthalpy (kJ kg™ a air
L latent heat of evaporation (kJ kg™) da dry-air
m mass flow rate (kg s™) db dry-bulb
P pressure (bar) disc discharge
Pin input power (W) e evaporator
q cooling capacity (W) ea entering air
Q volumetric flow rate (m®s?) in input
t temperature (°C) I latent
v specific volume (m?® kg) la leaving air
W humidity ratio/specific humidity (kg water Il liquid line

vapor/kg dry air) S sensible
WBT wet-bulb temperature (°C) suct suction

wh wet-bulb
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