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hood to produce electricity. All experiments were performed using a split-typed air
conditioner within a 3.0 m X 3.0 m X 2.6 m room. The air conditioner was set to 25 °C
in the cool mode with the fan speed set to level 5. The results showed that the average
air ventilation speed of the condensing unit, the end of rectangle-shaped hood and the
end of circle-shaped hood is at approximately 7.6, 12.4 and 12.5 m/s, respectively. The
electrical generator operated just outside of the normal condensing unit, the end of
rectangle-shaped hood and the end of circle-shaped hood had a voltage of 7.9, 15.6
and 16.1 V, and daily average electricity of 491.8, 1951.9 and 2071.6 W-hr was
produced, respectively. To investigate the COP and EER, 4 cases were used: the normal
condensing unit, installation of the electrical generator, installation of rectangle-
shaped hood and the electrical generator, and installation of circle-shaped hood and
the electrical generator. Coefficient of performance in each case was 4.1, 4.1, 4.1 and
4.1, and the energy efficiency ratio of the 4 cases was 14.0, 14.0, 14.0 and 14.0
BTU/W:-hr, respectively. The installation of the rectangle-shaped and circle-shaped
hoods can increase the potential of the electrical energy production with no impact on
the efficiency of the air conditioner.
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1. Introduction

In recent decades, the demand for energy has increased due to extreme population growth and
industrialization [1-3]. Among various forms of energy, electrical energy is the most popular energy
and widely used as a basic necessity for life [4-6]. Historically, electricity was produced from the
conversion process of fossil fuels such as coal, petroleum and natural gas [7-9]. This process causes
the emissions of carbon dioxide, a greenhouse gas that contributes to global warming [10-14]. For
these reasons, renewable energy sources are being investigated to move towards a sustainable
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energy system such as hydroelectric power, solar energy, geothermal energy and wind energy [15-
17].

In tropical areas, the weather is hot all year round with a high level of solar radiation and limited
cloud cover [18,19]. These conditions caused a significant accumulation of heat and moisture in
buildings [20-24]. Ventilating fans and air conditioners are used to cool the air in buildings. Presently,
the use of air conditioners in modern society has become the norm for most buildings [25,26]. As the
air conditioner works, the motor with a fixed propeller on the compressor rotates to ventilate the
higher temperature of the coils [27]. From the literature reviews, the exhausted air from the
compressor fan cannot sufficiently induce the rotation of blades that was installed by the generator
[28,29]. Furthermore, the investigation of electricity generation from the exhausted wind of the
condensing unit on the energy efficiency ratio has rarely been studied in the previous works. To
increase the exhaust wind levels from the compressor and the potential of electricity generation,
rectangle-shaped and circular-shaped hoods were installed at the condensing unit to connect to the
fan of electrical generator. Importantly, the effects of hood and generator installation on efficiency
of air conditioner were also investigated and compared.

2. Experimental Theory

The theory of this study is divided into 2 parts, the performance of the air conditioner, and the
ventilation hood.

2.1 Performance of Air Conditioner

The performance of an air conditioner is calculated from the cooling capacity (Q) which is the
capability measurement of a cooling system for removing heat. It depends on the enthalpy of the
supplied and returned air from the fan coil unit by Eq. (1).

Q= 3.968V" (h,-h,)/4.187v (1)

Where Q is the cooling capacity (BTU/hr). h, is the enthalpy of the return air and h, is the enthalpy

of the supply air from the fan coil unit (kJ/kg), V is the volume of air flow through the fan coil unit
(m3/hr), and v is the specific volume of humid air (m3/kg).

Performance of the air conditioning unit is measured by the coefficient of performance or COP.
It is the ratio of the desired output over the required input of the system which is a ratio of the heat
that is removed from the cooled space over the input work or consumed electrical energy, by the
following Eq. (2).

COP=Q/3.413xP, (2)

Energy Efficiency Ratio (EER) is the ratio of output cooling energy (Q ; BTU/hr) to input electrical
energy as the following Eq. (3) (P, ; W), EER units are therefore BTU/W ehr.

EER=Q/P, (3)
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2.2 Ventilation Hood Theory

In particular fluid dynamics, the volumetric flow rate (also known as volume flow rate, rate of
fluid flow or volume velocity) is the volume of fluid which passes per unit of time. The volume flow
rate calculation is shown in Eq. (4).

Vair = uhood x Ahood (4)

whereV

air

(m/s), and A, ,,, is the cross-sectional area of the hood (m?).

is the flowing volume through the hood (m3/s). u,,., is the flow velocity through the hood

3. Methodology
3.1 The Operation of the Condensing Unit

An experimental setup was done to investigate the potential of electricity generation from
mechanical energy of a condensing unit of air conditioner. The split-typed Mitsubishi air conditioner
model GLO9VF size 9,212 BTU was considered to operate within a 3.0 m x 3.0 m x 2.6 m room
dimension. The working temperature of the air conditioner was set to 25 °Cin the cool mode and the
fan speed set to level 5. In this study, the working period of the fan motor in condensing unit was
studied. This process was tested throughout the day to measure the number and average time of
motor rotation every hour in each day.

3.2 The Potential of Electricity Generation from Exhausted Ventilation of the Air Condensing Unit

The investigation of the potential for electricity generation from the condensing unit of an air
conditioner is divided into 3 parts: i) the potential of electricity generation from the air ventilation of
a normal condensing unit, ii) the potential of electricity generation from the air ventilation of the
condensing unit with a rectangle-shaped hood and iii) the potential of electricity generation from the
air ventilation of the condensing unit with a circle-shaped hood. In all cases, electricity was produced
from a 24 V 300 W DC generator.

3.2.1 The potential of electricity generation from an air ventilation of the normal condensing unit.

Figure 1 shows the experimental setup to measure the wind speed, voltage (V) and current (I)
values. The output power (P) and electricity work (W) are as follows in Eq. (5) and Eq. (6), respectively.

Electricity | |
generator \ﬁ_wy }

0 } el (4 Y voltmeter

The condensing unit

| I—

Fig. 1. The electricity generation of the normal condensing unit
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Electrical power (W) =1xV (5)
Electrical work (Wehr) =1xVxT (6)
3.2.2 The potential of electricity generation from air ventilation of the condensing unit with the hood

In this experiment, the rectangle-shaped hood (as shown in Figure 2) and the circle-shaped hood
(as shown in Figure 3) were set up to increase the wind speed by the following Eq. (4). One side of

the hood was connected to the air ventilation fan of the condensing unit and another side of the
hood was designed with the half cross-sectional area as illustrated in Figure 2 and 3.

ThE CDﬂdEHEir‘lg PR ST
) y Electricity
unit

generator

Voltmeter

- The rectangle- |
S22 | shaped hood. |

Fig. 2. Electricity generation of the condensing unit with the rectangle-shaped hood

The condensing unit

Electricity

2 4 generaton

—g =

 The circle- JI"

— shaped hood.

=, Voltmeter

Fig. 3. Electricity generation of the condensing unit with the circle-shaped hood

The voltage (V) and current (/) produced by the electrical generator were measured. And the
power (P) and electricity work (W) were calculated by following Eq. (5) and Eq. (6).

3.3 Performance of the Air Conditioner by the Operation of the Fan Coil Unit

K-type thermocouples with an accuracy of 0.5 °C were employed to measure the ambient and
room temperatures throughout the duration of the experiments. All data were recorded at 10 min
intervals using a data logger. Data was recorded continuously throughout the duration of
experiments in real ambient conditions. Humidity data recorders were also set both inside and
outside the rooms to measure the humidity, as shown in Figure 4.
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Fig. 4. The positions of temperature and humidity measurements

4. Results and Discussion

The study is divided into 3 parts including of the operation of the normal condensing unit, the
electricity generation from the condensing unit and the performance of the air conditioner.

4.1 The Operation of the Normal Condensing Unit.

The time period, counts and average time of the rotation of the motor in a condensing unit of air
conditioner was observed every hour from midnight of day to midnight of the following day, giving a
24 h test cycle. The rotation of the motor in a condensing unit of air conditioner was approximately
6 times per hour throughout three days. For the three days tested, the average rotation time of the

motor was from 174 s to 299 s, and the total time of work was 30,961 s/day or 8.60 hours per day as
shown in Figure 5.
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Fig. 5. The working period of the motor
rotation in a condensing unit

4.2 The Electricity Generation from the Condensing Unit of Air Conditioner

Figure 6-8 show the potential of electricity generation of the normal condensing unit, that of a
condensing unit with a rectangle-shaped and that of a circle-shaped hood. The average exhaust air
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speed in the case of the normal condensing unit, the condensing unit with the rectangle-shaped
hood, and the condensing unit with the circular-shaped hood was 7.6 m/s 12.4 m/s and 12.5 m/s,

respectively.
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Fig. 6. Electricity production values in the case of a
normal condensing unit

This demonstrated that a hood installed on the condensing unit can increase the exhausted air
speed from the condensing unit. When the electrical energy generator was installed, the average
voltage produced of the normal condensing unit, condensing unit with a rectangle-shaped hood and
condensing unit with a circular-shaped hood was 7.9 V, 15.6 V and 16.1 V, respectively. The daily
average electrical production values of the normal condensing unit, condensing unit with a rectangle-
shaped hood and a condensing unit with a circular-shaped hood were 491.8 W-hr, 1951.9 W-hr and
2071.6 W-hr, as shown in Figure 6-8, respectively. This indicated that the installation of a hood can
improve the electricity production.
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Fig. 7. Electricity production values of the
condensing unit with a rectangle-shaped hood
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Fig. 8. Electricity production values of the condensing
unit with a circular-shaped hood

4.3 The Coefficient of Performance of the Air Conditioner

The performance of the air conditioner based on the Coefficient of Performance (COP) and the
Energy Efficiency Ratio (EER), which are calculated from the cooling capacity (Q) and the actual
electrical power consumption (P).

4.3.1 Temperatures and relative humidity in case of the normal condensing unit

Temperature and relative humidity in case of the normal condensing unit are displayed in Figure
9. For 3 days, the ambient temperature (Tam) varies between 31.0 °C and 40.0 °C while, the relative
humidity (RHam) of the surroundings varies between 57.6 % and 96.9 %. This is inversely related to
the ambient temperature. The relative humidity (RHsyup) of the supply air from the fan coil air unit
varies between 88.3 % and 98.9 % and the temperature (Tsup) swing of the supply air from the fan
coil air unit is between 10.2 °C and 22.4 °C. The stable room temperature was controlled by the air
conditioner. The average room temperature (Tin) was approximately 25 °C and the relative humidity
(RHin) varied between 39.4 % and 91.1 %. At the same time, the average temperature (T.) of the
return air to fan coil air unit was approximately 25 °C and the relative humidity (RHe) varied between
36.6 % and 83.8 %.
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Fig. 9. Temperature and relative humidity in case of the normal
condensing unit
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Next, the cooling capacity (Q), that is the measurement of a cooling system's ability to
remove heat, was studied [30]. The temperature and relative humidity of the supply air from the fan
coil unit and the return air to the fan coil unit were used to calculate the cooling capacity. The
fluctuation of the cooling capacity is between 5490.3 BTU/hr and 23062.7 BTU/hr, the range of
maximum values occurs in the afternoon of each day. The average cooling capacity for 3 days was
approximately 14989.7 BTU/ hr. For actual AC electrical power consumption (Pe), the turn is similar
to the cooling capacity. The fluctuation of P. varies between 1021.0 W and 1110.8 W. The average Pe
for 3 days was 1067.7 W, as illustrated in Figure 10.
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Fig. 10. The cooling capacity (Q) and AC power consumption (P) in
case of the normal condensing unit

4.3.2 The temperature and relative humidity in case of the condensing unit and the generator

The average ambient temperature (Tam) varies between 26.3 °C and 33.4 °C throughout 3 days.
The relative humidity (RHam) of the environment varies between 43.4 % and 97.3 %. This correlation
is inverse with the ambient temperature. The relative humidity (RHsup) of supply air from fan coil air
unit varies between 87.1 % and 97.8 % and the temperature (Tsup) swing of supply air from fan coil
air unit is between 10.1 °C and 21.5 °C. The average room temperature (Tin) was fixed at
approximately 25 °C. The relative humidity (RHin) within the testing room varies between 38.5 % and
95.2 %. At the same time, the average temperature (Tre) of the return air to fan coil air unit is
approximately 24 °C and the relative humidity (RHre) of the return air to fan coil air unit varies
between 37.6 % and 87.4 %, as illustrated in Figure 11.

The fluctuation of the cooling capacity (Q) varies between 53780.7 BTU/hr and 22895.8 BTU/hr,
the range of maximum values occurs in the afternoon of each day. The average cooling capacity for
3 days was approximately 15132.4 BTU/ hr. For the actual AC electrical power consumption (Pe), the
fluctuation varies between 1008.5 and 1123.6 W. The average P. for 3 days was approximately 1059.3
W. that is corresponded to the cooling capacity, as shown in Figure 12.
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Fig. 11. Temperature and relative humidity in case of the condensing unit with
installing generator
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Fig. 12. The cooling capacity (Q) and AC power consumption
(P) in the case of the condensing unit with a circular-shaped
hood

4.3.3 The temperature and relative humidity in case of the condensing unit with a circular-shaped
hood

The ambient temperature (Tam ) for 3 days varies between 26.4 °C and 33.3 °C while the relative
humidity (RHam) in the ambient space varies between 56.4 % and 96.2 %, This relative humidity (RHam)
is inverse with the ambient temperature. The relative humidity (RHsup) of the supply air from fan coil
air unit, varies between 88.3 % and 98.9 % and the temperature (Tsup) swing is between 10.4 °C and
22.4 °C. The average room temperature (Tin) is controlled at approximately 24 °C and the relative
humidity (RHin) in the room varies between 38.6 % and 84.2 %. At the same time, the average
temperature (Tre) of the return air to fan coil air unit was approximately 24 °C and the relative
humidity (RHre) varies between 39.0 % and 92.3 %, as illustrated in Figure 13.

In this case, the fluctuation of the cooling capacity (Q) is between 6387.9 BTU/hr and 23589.9
BTU/hr, the range of maximum values occurs in the afternoon of each day. The average cooling
capacity for 3 days was approximately 15211.8 BTU/hr. For the actual AC electrical power
consumption (Pe), the curve is similar to the cooling capacity. The fluctuation varies between 1009.9
W and 1112.2 W. The average P. for 3 days was approximately 1112.5 W, as shown in Figure 14.
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Fig. 13. Temperature and relative humidity in the case of the condensing unit with a
rectangle-shaped hood
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Fig. 14. The cooling capacity (Q) and AC power

consumption (P) in the case of the condensing unit with a
rectangle-shaped hood

4.3.4 The temperature and relative humidity of the condensing unit with circle-shaped hood

The ambient temperature (Tam ) for 3 days varied between 25.1 °C and 33.0 °C while the relative
humidity (RHam) in the surrounding varied between 56.8 % and 97.1 %. The relative humidity is
inverse with the ambient temperature. The relative humidity (RHsyp) of the supply air from the fan
coil air unit varies between 90.1 % and 98.0 % and the temperature (Tsup) swing is between 10.3 °C
and 22.9 °C. The average room temperature (Tin) was approximately 24 °C, the relative humidity (RHin)
varies between 38.5 % and 91.1 %. At the same time, the average temperature (Tr) of the return air

to fan coil air unit was at approximately 24 °C and the relative humidity (RHre) varies between 36.6 %
and 84.2 %, as shown in Figure 15.
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Fig. 15. The temperature and relative humidity in the case of the condensing
unit with a circular-shaped hood

In this case, the fluctuation of the cooling capacity (Q) is between 5139.3 BTU/hr and 21698.3
BTU/hr, the range of maximum values occurs in the afternoon of each day. The average cooling
capacity for 3 days was approximately 14998.2 BTU/hr. For the actual AC electrical power
consumption (Pe), the curve is similar the cooling capacity. The fluctuation varies between 1016.2 W
to 1245.5 W. The average P. for 3 days was approximately 1100.8 W, as shown in Figure 16.
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Fig. 16. The cooling capacity (Q) and AC power consumption (P) in
the case of the condensing unit with the installation of circle-
shaped hood

4.3.5 The performance of the air conditioner

From the previous data, the average values of the Coefficient of Performance (COP) in the case
of the normal condensing unit (case 1), that of installing only an electrical generator (case 2), that of
installing a rectangle-shaped hood and an electrical generator (case 3), and that of installing a
circular-shaped hood and a generator (case 4) are approximately 4.1, 4.1, 4.1 and 4.1 and the average
Energy Efficiency Ratio (EER) of all cases was around 14.0 BTU/W:hr. This demonstrated that the
condensing unit that was operated with the rectangle-shaped/circle-shaped hood and generator for
electricity production has no effect on the coefficient of performance of the air conditioner, as
displayed in Figure 17.
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Fig. 17. The performance of the air conditioner and the electricity
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5. Conclusions

The installation of an air hood, to funnel exhaust air, and a generator for electrical generation on
a condensing unit has no impact on the coefficient of performance of the air conditioner. The addition
of a rectangle-shaped or a circular-shaped hood on a condensing unit can increase the exhausted air
speed. The average air speed values of the air ventilation at the end of the normal condensing unit,
rectangle-shaped and circular-shaped hood was approximately 7.6 m/s, 12.4 m/s and 12.5 m/s,
respectively. Higher average electricity production was produced from the installation of the
rectangle-shaped and circular-shaped hoods at the exhausted air position of condensing unit. The
coefficient of performance of the air conditioner in all conditions was approximately 4.1. Therefore,
the use of the air ventilation of air conditioning condensing units for generating electricity is an
alternative way to produce renewable energy to produce electricity for low power electronic
equipment.
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