
 

  

  

 

 
This work is licensed under a Creative Commons Attribution 4.0 International License 

 

169 
 

  

p-ISSN 2655-8564, e-ISSN 2685-943, pp. 169-182, 2026 

Volume 0 8 
Issue 0 1 

Psychrometric Performance of the Air 

Dehumidifier Base Clothes Dryer  
 

Wibowo Kusbandono1 *, Prasetyadi 1, Nico Ndaru Pratama1, 

Doddy Purwadianto1, Rines1, Y.B Lukiyanto1, I.G.K Puja1,  

Michael Seen1, Budi Setyahandana1 

 
1Department of Mechanical Engineering, Facultyof Science and 

Technology, Sanata Dharma University, Yogyakarta, Indonesia  

 
*Corresponding Author: bowo@usd.ac.id 

 

(Received 06-05-2026; Revised 18-05-2026; Accepted 19-05-2026) 

 

Abstract 
Drying clothes with dehumidifier machine and additional IR light experiments were 

conducted to show the psychrometric performance of dehumidification drying. Experiment 

of dehumidification drying 7.07 kg wet clothes to 4,78 kg dry clothes and 9.9 kg wet clothes 

to 7.67 kg dry clothes were applied. Variation of 715 W dehumidifier and 375 W IR were 

conducted. Measurement of room and environment temperatures and humidity were 

performed. The results show that additional IR make the drying process faster. However, it 

reduces drying effectivity. The efficiencies of drying are 109%, 96%, 100%, and 79% for 

drying 4.78 kg dry clothes with dehumidifier, drying 4.78 kg dry clothes with dehumidifier 

+ IR, drying 7.67 kg dry clothes with dehumidifier, and drying 7.67 kg dry clothes with 

dehumidifier + IR. The numbers also reveal need of adopting drying COP using closed loop 

heat pump dehumidification to be ratio of heating and cooling energy over the supplied 

energy plus one. 
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1 Introduction 

Drying is a process of removing water content from solid material with heat and 

mass transfer process technique. It is applied in many activities, from body drying to food 

processing in industries. People need drying in food processing for preserving vegetable, 

fruits, fish and meat, grain, herbs, and spices [1], [2], [3], [4]. In production and 

maintenance of furniture, kitchen equipment, drying is important factor [5]. The activity 

is also a process that people conduct for preparing building materials such as timber and 
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bricks [6]. In clothing, drying is applied for production and maintenance processes [7]. In 

clothes production, the drying process is applied for raw material processing, dying, and 

maintenance of the products. 

Many drying processes are based on heating the product and lowering the humidity 

of the circumstance. Solar drying is very popular due to its cost and simplicity. People do 

not need to pay fuel for it and it can be done without any special equipment to allow the 

process happens. Kiln is applicable for many drying processes and has wide range of 

temperature [8], [9], [10]. A kiln can be applied for food processing with temperature 

controlled to be less than 50oC to raw material drying such as cement production with 

temperature of 800oC. The other common drying methods are hot air drying [11], ultra-

sound dryer [12], [13], refrigerated and freeze drying [14], [15], dehumidification drying 

[16] and any other methods. Generally, most of the drying process consists of application 

of low humidity air which has less moisture pressure than the water pressure of the 

material surface. This basic principle allows the water vaporized easily. 

Dehumidification is a potential method for clothes drying due to its low energy cost. 

Purwadianta and Sugiharto [7] reported performance of the dehumidification drying for 

clothes with variation of clothes number and type of flowing air. With 200 W R134a heat 

pump of 7.94 COP for drying room of 1.39 m3, 15 – 45 cotton clothes of 2.55 – 6.51 kg 

need drying time of 210 – 450 minutes. However, a deeper analysis concerning about the 

drying effectivity and psychrometric of the drying performance was still out of the 

discussion. The gap will be the main topic of this work. The report will also include effect 

of IR additional heat comparing to the absence of the equipment for clothes drying.  

To show the psychrometric drying performance, the rest of the article is composed 

of methodology presenting theory of dehumidifying drying, analysis of the 

psychrometric, vapor compression heat pump, experiment setup, and the proposed 

performance analysis. The third section is about the data of the experiment and its 

discussion. Final part of the presentation is the conclusion.  
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2 Material and Methods 

The drying effectivity consists of parameters regarding the process. It considers 

time for drying, used energy for drying, human resource necessity, and product quality. 

Those parameters co-exist and are intertwined. In small scale clothes drying, the aspects 

of human necessity, product quality, and time can be neglected. Household drying can be 

done by a single worker with equal product quality.  Therefore, energy analysis becomes 

the focus of the discussion with energy effectivity for drying as the main parameter.  

The method of the work consists principle of dehumidifying drying theory, 

psychrometer analysis, experiment setup, and parameters of the drying effectivity. The 

dehumidifying theory shows the theory of convective drying applied in clothes. The 

psychrometer analysis focuses on theory of the humidity relation to the air condition. The 

experiment setup mentions about the equipment where the experiment was conducted and 

it’s the variation of the conditions. The parameter explains relation of energy and drying 

load. 

 

A. Dehumidification drying 

Dehumidifying drying is a method for removing water from the solid called 

moisture content using reduction of the vapor pressure reduction. This vapor pressure 

decrease can be made using some methods. To reduce the vapor pressure, desiccant and 

heat pump approaches can be applied. Desiccant can be used to be adsorbent, and the 

moist becomes the adsorbate. While the moist of the air is adsorbed into the desiccant, 

the vapor pressure of air decreases. This decrease allows the moist on the surface of the 

adsorbate releases the moist content easily. The desiccant method has drawback of 

releasing the water content from the adsorbent which need special treatment. The heat 

pump uses the psychrometric principle for reducing the moisture pressure of the air. To 

reduce the vapor pressure, the evaporator of the heat pump reduces the air temperature 

beyond its saturated temperature. The condensed water is collected and the air is 

recirculated. The drawback of the method is energy need during the cycle. The cycle of 

condensation means latent energy of the water released.  
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The dehumidifying drying principle is shown in Figure 1. The Fig. 1 (a) and Fig. 

1(b) are the desiccant dehumidifier drying and the heat pump dehumidifier drying, 

respectively. Fig. 1 (a) shows that ambient air is transformed into hot dry air as the air 

supply for drying room. The desiccant is used to adsorb the moist of the air. The heater is 

applied for increasing the temperature. The Fig. 1 (b) mentions that air is circulated 

through heat pump element and drying room. The air from drying room (return air) is 

dehumidified using evaporator to be dry cool air. Then its temperature is increased 

through condenser and supplied to drying room as hot dry air. 

 

B. Psychrometric process of closed loop heat pump dehumidification drying 

The drying process of dehumidification drying consists of supplying hot dry air, 

removing water from the load, and removing water from the air. In closed loop heat pump 

dehumidifying drying process, the evaporator is applied to reduce the moist of the air. It 

provides dry cool air as consequences of the condensation process in evaporator. Then 

the condenser increases its temperature to provide hot dry air as the supply air for drying 

room. In drying room, the hot dry air absorbs the moist from the object. General 

psychrometric process of closed loop dehumidifying drying process is shown in Fig. 2. 

The Fig. 2 shows that cool dry air, hot dry air, and the return air are numbered (1), 

(2), and (3) respectively. The process of (1) to (2) happens by condenser. 

 

  

(a) (b) 

 

Figure 1. (a) Schematic desiccant dehumidifying drying process.[17], [18]; (b) Schematic 

closed loop heat pump dehumidifying drying process. 
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The process of (2) to (3) takes place in drying room as the drying process. Accordingly, 

the process of (3) to (1) is located at the evaporator. At this point, temperature is decreased 

to (3a) where some of the moist the condensed through decreasing temperature to be point 

(1). The condensed moist is equal to enthalpy difference of the point (3a) and (1). 

 

C. The experiment setup. 

To earn the psychrometric performance of the humidifying drying for clothes, the 

equipment is setup as shown in Fig. 3. A built-up dehumidifier with capacity of 30 l/day 

is applied instead of customized vapor compression machine. The machine uses R290 

refrigerant with operating pressure of 2.6 MPa and 1.0 MPa for the high and low 

pressures, respectively. The compressor rate is 715 W with the current of 3.2 A. The inlet 

of the wet air flow is on the back part of the apparatus. 

The experiment was conducted for 25 and 35 cotton clothes. The dry weight of the 

clothes were 4.78 kg and 6.76 kg, for 25 and 35 clothes, respectively.  Meanwhile, the 

weight of 25 clothes was 7.07 and the weight of 35 wet clothes was 9.90. The wet clothes 

were put into the drying room and the machine was started. 

 

 

Figure 2. The psychrometric process of closed loop heat pump dehumidifying drying 

regarding the air as shown in Figure 1(b). 
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Every 30 minutes, the measured weight of the clothes was recorded in addition to wet 

bulb and dry bulb temperatures of drying room and the environment. The condensed 

water was collected and its volume was measured at the same time. The temperature of 

inlet air and the outlet air were also recorded. The experiments were stopped after the 

targeted dry clothes weight reached. 

In addition to the dehumidification drying process, IR light was applied for every 

condition to inject additional heat to the room. The IR light was provided by an IR lamp 

located above the clothes. The light had rate of 375 W. Therefore, variation of the 

experiment can be seen in Table 1. 

 

D. Performance Measurement 

The drying performance was measured as ratio of drying capacity and energy rate 

injected to the drying system. The drying efficiency is defined as ratio of energy for 

evaporating the water from the clothes to energy supplied for the system. The total energy 

for evaporating is calculated from the water latent proportional to amount of energy as 

 

 

Figure 3. The apparatus setup of the experiment. 

 

Table 1. Experiment condition setup 

 

Load Variation Dryer Variation 

25 clothes, 4.78 kg dry 715 W dehumidifier 

35 clothes, 6.76 kg dry 715 W dehumidifier 

25 clothes, 4.78 kg dry 715 W dehumidifier + 375 W IR 

35 clothes, 6.76 kg dry 715 W dehumidifier + 375 W IR 
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shown in equation (1), with E , 
vm , and 

vL as the energy of vaporization, vapor mass, 

and vaporization latent, respectively. The vapor mass is assumed as amount of water loss 

from the clothes.  

 

 
v v vE m L=   (1) 

 

Then, the efficiency of drying is calculated using equation (2), with 
sE as the energy 

supplied to the system for operation. 

 100%v

s

E

E
 =   (2) 

 

The energy supplied to the system for operation is calculated according to equation 

(3), with dP , and iRP are the power of dehumidifier, and IR lamp, respectively.   

 ( )
1

n

s d iR

i

E P P t
=

= +   (3) 

 

The t  is time scale measurement (30 minutes) and n as the amount of measuring 

time until the dry weight clothes reached. 

 

3 Results and Discussions 

The temperatures of the dehumidifier rooms, temperature of the environment, and 

the condensed water collected in every 30 minutes for 4.78 kg, and 6.76kg clothes are 

presented in Table 2, and Table 3 below, respectively. The tables reveal that more clothes 

need more time to finish for drying. It is confirmed that more clothes related to more 

water to dry up.  The dry bulb drying room temperatures tend to increase as time going 

up. It also takes place for the wet bulb. The environment temperature affects the drying 

room temperature. If the environment temperature increase, the drying room temperature 

will increase as well. It shows that heat release from drying room to the environment 

affects the drying temperature. 

The accumulative water condensed during drying process for 4.78 kg, and 6.76 kg 

clothes are shown in Fig. 4. The table mentions that condensed water capacity decreases 
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as time going up. The water content of the clothes was 2.29 and 3.29 litres for 4.78 and 

3.14 for 4,78 kg and 6.76 clothes. Among the evaporated water, 1.96 and 2.62 litres were 

condensed. It was 85% and 83% of the water evaporated in drying process. Results and 

discussions are written with times new roman 12 pt, 1 (one) column, 1.5 space density 

one space density, on A4 paper with a top-left margin of 3 cm and bottom-right 3.5 cm. 

 

Table 2. Drying condition of 4.78 kg clothes 

 

Time 

(min) 

Drying Room 

Temperature 

(C) 

Environment 

Temperature (C) 

Water 

Condensed 

(kg) 

Tdb Twb Tdb Twb 

0 36.4 29.9 26.5 25.5 0.000 

30 42.4 34.9 27.0 25.0 0.545 

60 45.4 36.4 27.5 25.0 0.545 

90 45.4 36.4 27.5 24.5 0.405 

120 47.4 34.9 27.5 24.5 0.330 

 

 

Table 3. Drying condition of 6.76 kg clothes 

 

Time 

(min) 

Drying Room 

Temperature 

(C) 

Environment 

Temperature (C) 

Water 

Condensed 

(kg) 

Tdb Twb Tdb Twb 

0 33.0 40.5 27.0 24.0 0,000 

30 39.0 46.0 27.0 24.0 0,555 

60 39.5 47.0 28.0 24.0 0,535 

90 42.0 51.0 28.0 24.0 0,540 

120 46.5 59.0 27.5 24.5 0,470 

150 43.0 55.0 25.0 25.0 0,335 

180 45.5 55.5 25.5 25.0 0,185 
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Figure 4. Water condensed during the drying process. 

 

Additional IR Light of 375 W reduced time of drying by 30 minutes. The drying 

time of 4.78 kg clothes became 120 minutes using additional 375 W IR light. Without IR 

light, the drying time was 150 minutes. The similar pattern happens to 6.76 kg clothes. 

Time for drying with 375 W IR light got less to be 150 minutes from 180 minutes without 

IR. The cumulative condensed water according time for drying using 715 W dehumidifier 

with additional 375 IR Light is shown in Fig. 5. 

 

 

Figure 5. The condensed water accumulation during drying using dehumidifier and 

additional 375 W IR light. 
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Considering energy of drying as the main parameter for performance, it can be said 

that drying using 715 W dehumidifier without additional 375 W IR light is more efficient 

than drying the same clothes using dehumidifier with additional 375 W IR light. The 

comparison of the energy efficiency as proposed in equation (2) is shown in Table 4. The 

100% or more mentioned that there is regenerative process which mentions that the 

condensation taking place at the evaporator increase effectivity of drying process. In term 

of effectivity, the drying energy as evaporative energy needed for 4.78 kg clothes are 

2248 kJ/kg and 2570 kJ/kg water for 715 W dehumidifier and 715 W dehumidifier + 375 

W IR light, respectively. Accordingly, the 6.76 kg clothes need 2455 kJ/kg and 3119 

kJ/kg drying energy for 715 W dehumidifier and 715 W dehumidifier + 375 W IR light 

drying respectively. It shows that 715 W dehumidifier with additional 375 W IR light 

needs more energy to evaporate every kg water from the wet clothes than 715 W 

dehumidifier only. 

 

Table 4. Drying condition and energy efficiency 

 

Drying equipment 4.78 kg clothes 6.76 clothes 

715 W dehumidifier 109% 100% 

715 W dehumidifier 

+ 375 W IR light 

96% 79% 

 

 

Figure 6. Partial Pressure of the moist in the drying room. 
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Fig. 6 explains the reason of energy effectivity of the equipment. The drying system 

with additional IR makes more moist content in the air of the drying room. In average, 

partial pressures of the moist in drying process of 4.78 kg are 5515 Pa and 6096 Pa of 

respective dehumidifier and dehumidifier + IR. Accordingly, the 7.67 kg clothes have 

4775 Pa and 5262 Pa partial moist pressure in drying room with dehumidifier and 

dehumidifier + IR, respectively. Even the 7.67 kg clothes have less partial moist pressure, 

they attribute higher relative humidity than clothes of 4.78 kg. The partial humidity in 

average for the systems are 60.2%, 58.4%, 56.8%, and 48.9% in drying 4.78 kg clothes 

with dehumidifier only, 7.67 kg clothes with dehumidifier only, 4.78 kg clothes with 

dehumidifier + IR, and 7.67 kg clothes with dehumidifier + IR, respectively. It exposes 

the reason dehumidifier + IR needs less time than dehumidifier only even the absolute 

partial pressure is higher than drying with the dehumidifier only. 

Air dehumidifier is a common machine for controlling air humidity in a room. It is 

a kind of heat pump using vapor compression machine working with the inlet air flowing 

through the evaporator for reducing air humidity and followed by heating up using 

condenser. The method implying COP of the drying approach as ratio of the combination 

of evaporator and condenser heat rate over the compressor inlet power. Higher COP 

means higher effectivity of energy usage during cooling process of air. At the same time, 

the cooling process implying reducing temperature of the wet air and condensation to the 

psychrometric system. Accordingly, the condenser releases heat to the air circulated in 

the drying room. It implies that both cooling process and heating process contribute into 

drying process. The cooling with absolute moist content reduction, while the heating 

reduces relative humidity of the circulated air. It is in accordance with the work of 

Purwadi and Prasetyadi [5]. 

4 Conclusions 

The research mentions that dehumidification work well in drying the clothes with 

various weight. Generally, the drying time depends on weight of clothes. The efficiency 

of the energy for drying as ratio of the evaporative drying over supplied energy mentions 

a tricky condition as more clothes related to less partial pressure but the relative humidity 
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implying drying time. The efficiencies of drying 4.78 kg clothes with dehumidifier, 4.78 

kg clothes with dehumidifier + IR, 7.67 kg clothes with dehumidifier, and 7.67 kg clothes 

with dehumidifier + IR are 109%, 96%, 100%, and 79%, respectively. The efficiency 

which is higher than 100% revealed the condensation role for reducing the absolute 

humidity in dehumidification drying process using heat pump. The results suggest 

accommodation of heat pump drying process as ratio of cooling and heating energy over 

the supplied energy plus one.  
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