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Abstract

Air Conditioning (AC) as an air conditioner has been used on one side only as
a room cooling. The cooling process with Air Conditioning produces heat as a
result of the work of the condenser component in the AC. This heat can be
used as an alternative energy source. This study aims to utilize hot air
discharging Air Conditioning as an energy source for drying clothes. This
development is based on the Thosiba AC specification. The specification data
is used to get the coefficient of performance (COP) and heating effect.
Development is also carried out for studies in the form of experiments. The
results of the study indicate that the application of AC exhaust heat has the
potential to be developed as an alternative energy in the process of drying
clothes.
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1. INTRODUCTION

The process of drying clothes is one of the essential problems in Indonesia. The
condition of two seasons in a year where one of them is the rainy season for
approximately six months is a constraint to conventional drying which utilizes direct solar
heat. Drying of clothes is still a lot of immediate use of solar heat which according to the
Meteorology and Geophysics Agency, the temperature of the sun during the day ranges
between 33°C-39°C [1,2]. Drying of clothing is generally carried out with a rope and
allowed to dry for at least two to three hours due to moisture [3].

Drying clothing using solar and wind energy has been developed for drying clothes
that use electrical energy or other energy, especially in urban areas where sunlight is
limited due to weather and limited airflow for dense dwellings. Natural drying is prohibited
in some residential areas for aesthetic reasons [4,5]. Housing in densely populated cities
in Indonesia does not provide enough space to dry clothes naturally. Some parts around
the house, such as windows, balconies, garages, front gates, and others are used to dry
clothes. This drying method interferes with aesthetics [6].

Drying is a complex process and requires a lot of energy [7]. Drying is a process of
reducing water content by evaporation and using a certain amount of energy to overcome
the latent heat of evaporation. The drying process takes place in two stages. The first
step is drying on the surface of the material at a constant drying rate and thereby
evaporation of water into the environment. The second step corresponds to the properties
of the drying product with a decrease in drying rate [8]. When material which has a water
content is subjected to hot air, heat transfer will occur on the surface of the material. The
temperature of the material will increase, and the water content in the material will
evaporate to the surrounding environment. The drying process is related to the mass
transfer of water content from the material to the surrounding environment [9].
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Clothes drying is one of the important applications in drying [10], it is applied in daily
life [11] and is one of the domestic sector that consumes very large amounts of energy
[6]. Household clothes dryers are one of the most energy-efficient appliances in the
housing sector [12]. A quick drying device for clothes is a clothes dryer that uses
electricity to dry clothes automatically. This device is a multifunctional machine that is
environmentally friendly and saves space that solves the problem of drying clothes on
rainy days especially in humid areas or there is not enough space to hang clothes [13].
Clothes dryers are relatively poorly studied in their environmental aspects or
improvements in design and efficiency [12].

The high energy consumption for drying clothes encourages innovation in
engineering applications. Conventional domestic electric dryers are too expensive and
inefficient. Innovations to reduce energy loss and heat recovery are important research
topics at this time [6]. The growth of the laundry business in Indonesia uses electricity,
kerosene, and natural gas as energy sources. This is predicted as a significant
consumption of fossil fuels [7]. The investment value of the dryer is relatively expensive,
and energy must be purchased so that operational laundry costs become expensive.
Efforts that can be done are to recover wasted energy into useful energy to meet energy
needs [14].

One source of energy that can be utlized is the exhaust heat of the air
conditioner/air conditioner condenser. AC is widely used in Indonesia as an air
conditioner. Research on the use of AC heat for drying clothes has been carried out for
experimental studies [9], investigations of aspects of thermodynamics [15], performance
with cabinet dryers [6], potential energy utilization [14], closed-cycle cycle drying [16] and
making dryers portable [17].

The results showed that the rate of drying clothes using AC exhaust heat tends to be
higher than natural drying indoors or drying using commercial dryers [9]. This drying
method is very reliable, especially in crowded residential areas, without additional
electricity costs [14]. A drying chamber with a volume of 1 m3 is capable of drying
materials as much as 6 to 8 kg [6]. The use of waste heat also has economic advantages
over the use of LPG or electricity [12].

This description shows that the application of AC exhaust heat is interesting to study
material. For this reason, research concept is needed that aims to utilize hot air
discharging air conditioning as an energy source for drying clothes.

2. METHODOLOGY

Utilization of AC exhaust heat is done by creating a drainage heat channel into the
clothes dryer. This utilization uses the principle of isentropic compression work. The
research concept is based on an AC device with the following specifications [18]:

Table 1. AC specifications

Description Specifications
Capacity " YaHP
Power source " 220-240 volt AC/50 Hz/1 phase
Power consumption  0.62 kW
Refrigerant R22

Dimensions H/W/D 250/740/185mm
net weight 8 kg/air volume high fan/medium fan/low fan :

Indoor unit 510/430/350 m3/h
Dimensions H/W/D: 530/660/240 mm/net weight 25 kg/airflow
Outdoor unit volume: 1580 m3/h

Compressor output 606 W/outdoor temperature range 21-43°C
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This specification data is used in the initial calculation as an initial concept to determine
the feasibility of the design based on the amount of heat energy that can be used in the
drying process.

3. RESULT AND DISCUSSION

The first step of the AC cloth drying feasibility study is carried out by calculating the
cooling capacity with the following equation [15]:

Qout = m Cpair (Tout_Tin) (1)

With:
m  =hot air flow rate (kg/m?3s)
Cp =specific heat of hot air (J/kg K)
Tout =outlet temperatur ( °C), which hot air Temperature out from AC
Tin =intlet temperatur ( °C), which surrounding temperature

From the outdoor unit air flow rate of 1,580 m3/H (0,44 m3/ s), the hot air mass flow
rate is calculated with the following equation:

mMair = A p U (kg/s) (2)
With:
A =cross-sectional area (m?) [J = air density (kg/m?3)
v =volume flow rate (m3/s)

With a cross-sectional area based on the cross-sectional area of hot air out of AC of 0.24
m?2 (based on 60 cm of length and 40 cm of width), taken for a temperature of 30°C of
1,164 kg/m? and the flow rate based on AC specifications of 1580 m3/h (0.44 m?3/s) then
the hot air mass flow rate is obtained:

Mair = 0.24 X 1.164 x 0.44
=122.61 kg/s

With a specific heat of water value of 1,007 J/kg K (3,689 J/kg C) and a maximum hot air
temperature taken out of 43°C and an air temperature of around 30°C then the cooling
capacity is obtained:

Qout= 122.61 x 3.689 x (43 — 30)
= 5.88kJ/s (5.88kW)

Furthermore, the coefficient of performance (COP) calculation is done, namely the ratio of
cooling capacity and power consumption with the equation:

= = (3)

With a power consumption data of 0.62 kW (620 W) and a cooling capacity of 11.76 kW,
COP is obtained:

COP =0.62/5.88
=0.11
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The COP value is then used to calculate the heating effect available for drying with the
equation:

He = (COPc + 1) Pc (4)

With:
Pc = power compressor (kW)

With a COP value and a compressor power of 606 W (0.606 kW), the heating effect is
obtained:

He = (0.11 + 1) 0.606
= 0.67 KW

The results of this calculation are in accordance with the specifications of the AC
power consumption used. This heating effect corresponds to the average energy
consumption of the split air conditioner without dryer is about 0.807 kWh for 85 minutes
running time at a temperature of 17°C [15]. This shows that the concept of AC hot air
application is in accordance with existing references.

Furthermore, the calculation of the rate of heat transfer that can be used based on
air temperatures around 30°C using equation (1). Take the value of the temperature of
the hot air coming out of the air conditioner is 30-43°C. With these quantities, the heat
transfer rate is obtained as a representation of the amount of energy that can be used for
the drying process of a minimum of 0.90 kW and a maximum of 11.76 kW.

y = 0,452x - 13,56
4. RZ=1

30 32 34 36 38 40 42 44

Outlet Temperature (°C)

Figure 1. Heat transfer rate

Widodo | The Utilization of Air Conditioning Heat Waste as Cloth Drying Energy ...



JEMMME (Journal of Energy, Mechanical, Material, and Manufacturing Engineering)
Vol.6, No. 1, 2021 doi: 10.22219/jemmme.v6i1.12574

The graph in Figure 1 above shows that the rate of heat transfer of AC exhaust air
has a linear relationship pattern with the temperature of the hot air coming out. This
relationship pattern can also be developed for COP values as has been done by
reference [11]. This graph can be used as an initial prediction of the range of heat
transfer rates that can be utilized. In addition, this information can be used as a
comparison for future experimental test results.

The design of the clothes dryer model uses energy sources from the utilization of hot
air discharged Air Conditional (AC) shown in FIGURE 1. There are three main parts of
the design. The three sections are outdoor air conditioning units, heat flow channels, and
drying cabinet. The heat flow channel is adapt to AC outlet cross section which is 40 cm
in width and 60 cm in length. Outdoor AC unit commonly placed in wall with certain
height. Mostly, outdoor unit is placed next below to room ceiling which house or room in
Indonesia has average height of 3 meter. This height shows that there is plenty room for
drying cabinet.

The use of AC with a power specification of % HP and a power consumption of 0.62
kW (620 W) is carried out with the consideration that this type of AC is widely used in
domestic sector. AC with a power of 2 HP has been studied experimentally to dry clothes
up to 5.69 kg optimally [16]. AC with 1 HP can dry more than 5 kg of wet towels [17].
Whereas a dryer using a heater and fan with a power consumption of 380 W can function
well for 10 kg of clothing [19].

z
’rl - ~U
[;}' //’/LQ 3
P AN 4
» L2~ i y <l &
= vl g
A ; /
: P
40
P
// 10/20
i i
."_J‘.. voramanse /. ..../‘\%
7 .
<0 < /// I/
7 v
. €0 :
o / ;
.
3L /
»>a4a—>
0 120

30 30

Figure 2. Heat flow channel design
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Figure 3. Design of project

Data collection for the experiments can carried out to measure the temperature of
hot air intake and drying room air to obtain temperature differences. The digital
anemometer can used to calculate the speed of hot airflow to get the mass airflow rate.
The mass flow rate and temperature difference are used to get the mass transfer rate of
the hot air as a representation of the amount of energy used in the drying process.
Measurement of airflow velocity can conduct using a digital anemometer. The velocity is
used to calculate the mass flow rate of hot air as in equation (2). The measurement of
temperature in and out using a digital thermocouple. The measurement results are used
to calculate the temperature difference. The results of the two equations are used to
calculate the rate of heat transfer as in equation 1.

Experiments were also carried out by drying a number of wet clothes in the drying
chamber. The mass of wet clothing and the mass after the drying process for a certain
time must be measured to get the amount of water that has evaporated. The number of
evaporated water is used to obtain specific moisture extraction (SMER) as a
characteristic that represents the effectiveness of the energy used in the drying process.
SMER is obtained by equation:

= ®)

$ . %
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With:
X = moisture removed (kg)

The results of the analysis above show that the utilization of air conditioning heat
waste as cloth drying energy sources has the potential to be developed. This is very
suitable with the problem of drying clothes, especially for the needs of household life in
dense settlements. Further development will be carried out with the application of
microcontrollers, especially Arduino devices such as research conducted by reference [1,
2].The application of the control system can be used to control the temperature so that
the drying process can take place optimally and can prevent excessive drying process
that can risk damaging the dried clothes.

4. CONCLUSION

The results of the concept design of the use of hot air-conditional (AC) as a source
of drying clothes is very potential. Outlet air from AC unit is a hot air which has amount of
energy in heat form that can be used as drying energy. The amount of energy is shown
as the heating effect. Experimental study can be done by design of apparatus based on
AC specifications and outlet dimensions. Several measurements such as air temperature,
flow velocity, and clothes mass should be done to get drying performance.
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