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Abstract 

For the first time at home and abroad, this study implemented radiant heating with the 

thermal energy supplied from hot water by embedding hot water panels in the walls of a 

single-person cabin and installing hot water tubes inside the hot water panels. The size of the 

single-person cabin is 2000 mm wide, 1050 mm long, and 2200 mm high. The single-person 

cabin of the same size as that of a single bed was  studied so that the single-person cabin can 

be used as a bed at normal times, and used for dry sauna by those who like dry sauna in their 

own house where they live. The results of simulation of the air temperature distribution inside 

the single-person cabin in this study showed a uniform distribution of air temperature 

resulting from the radiant heat transfer inside the single-person cabin and the temperature 

distribution was shown to be a well-being temperature distribution beneficial to health.. In 

addition, in this study, the air temperature distribution measured in the experimental study 

and the temperature distribution value shown in the simulation results were in good 

agreement.  
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1. Introduction 

At home and abroad, winter heating devices (hot water boilers, air conditioners, etc.) for 

existing single-person cabins are mainly supplied to buildings in which they are used for 

heating areas not smaller than 26 m2, and many studies have been reported on heating 

technologies for convective heat transfer by air circulation [1][2]. As demand for residence in 

single-person cabins is gradually increasing, studies on heating device technologies suitable 

for single-person cabins are desperately required but reports of the results of such studies are 

currently insufficient. In addition, in the case of heating technologies for single-person cabins 

of the elderly, reports of studies beneficial to sleep as well as health are desperately required 

but such reports are still somewhat insufficient. Therefore, based on the results of this study 

[3][4], it is considered that if single-person cabin beds that can be also used as loess dry sauna 

rooms are studied and supplied, the health of the elderly can be greatly improved with 

comfortable and cozy sleep and radiant heat dry sauna in the loess rooms. In addition, since 

there is no heating device accessories (circulation pump, heater, etc.) suitable for small 

residential spaces larger than 3.3 m2, accessories used in residential spaces not smaller than 

26 m2 are used in buildings not larger than 3.3 m2 leading to great electric power energy losses 

and drastic increases in installation costs [5]. Therefore, a single-person cabin and a bed with 
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a heating area of 0.63 m2 that can be also used as a loess dry sauna room was studied to 

implement well-being heating beneficial to health by supplying radiant heat from hot water 

by embedding hot water panels in the bed and the walls and configuring the hot water panels 

so that hot water is circulated in them [6][7][8]. In addition, a loess bed and loess walls 

verified from various studies and reference materials were constructed so that a residential 

life with a bed and the loess dry sauna room can be implemented at the same time [9]. The 

bed and walls were constructed with loess ondol panels to implement loess radiant heat room 

heating thereby developing a well-being heating technology beneficial to health. In winter, 

the temperature of the hot water circulating in the ondol panels of the bed and walls can be 

raised and adjusted so that loess radiant heat dry sauna can be enjoyed in the bed space 

depending on the resident’s taste. In spring and autumn, the ceiling of the single-person cabin 

with bed that can be also used as a loess dry sauna room can be placed at the height of the 

ceiling of the room, the wall can be placed in close contact with the wall of the room, and the 

door can be opened or easily detached depending on the resident’s taste so that the single-

person cabin has the same feeling and sense as a normal bed and can be used as a bed. 

Depending on the resident’s taste, even in spring and autumn, the door can be closed, and the 

loess radiant heat dry sauna room can be operated whenever the resident wants to enjoy loess 

radiant heat dry sauna. In addition, the existing heating of a single-person cabin heated the 

entire room (10 to 13 m2), but in this study, a technology that can only heat the bed space 

(0.63 m2) was developed to greatly reduce the heating energy consumption rate.  

 

2. Experimental apparatus and method 

Figure 1 shows a 3D schematic diagram of the single-person cabin experimental apparatus 

in which the thermal energy held by hot water circulating in the hot water panels embedded in 

the walls of the single-person cabin is supplied to the air inside the single-person cabin for 

heating. As shown in [Figure 1], for the first time at home and abroad, this study examined 

radiant heating with the thermal energy supplied from hot water by embedding hot water 

panels in the walls of a single-person cabin and installing hot water tubes inside the hot water 

panels. The size of the single-person cabin is 2000 mm wide, 1050 mm long, and 2200 mm 

high. The size of the single-person cabin was determined to be the same as that of a single 

bed. The single-person cabin of the same size as that of a single bed was studied so that the 

single-person cabin can be used as a bed at normal times, and used for dry sauna by those 

who like dry sauna in their own house where they live [10]. In addition, the heating area of 

the single-person cabin experimental apparatus is 0.63 m2, and an experimental study and 3D 

simulation was conducted to implement well-being heating beneficial to health by supplying 

radiant heat from hot water by embedding hot water panels in the bed and walls and 

configuring the hot water panels so that hot water is circulated in them. The experimental 

study and 3D simulations were carried out so that a residential life with a bed and the loess 

dry sauna room can be implemented at the same time by constructing a loess bed and loess 

walls. The bed and walls were constructed with loess ondol panels to implement loess radiant 

heat room heating thereby developing a well-being heating technology beneficial to health.  

In winter, the temperature of the hot water circulating in the ondol panels of the bed and walls 

can be raised and adjusted so that loess radiant heat dry sauna can be enjoyed in the bed space 

depending on the resident’s taste. In spring and autumn, the ceiling of the single-person cabin 

with bed that can be also used as a loess dry sauna room can be placed at the height of the 

ceiling of the room, the wall can be placed in close contact with the wall of the room, and the 

door can be opened or easily detached depending on the resident’s taste so that the single-
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person cabin has the same feeling and sense as a normal bed and can be used as a bed. 

Depending on the resident’s taste, even in spring and autumn, the door can be closed, and the 

loess radiant heat dry sauna room can be operated whenever the resident wants to enjoy loess 

radiant heat dry sauna. In addition, the existing heating of a single-person cabin heated the 

entire room (10 to 13 m2), but in this study, a technology that can only heat the bed space 

(0.63 m2) was developed to greatly reduce the heating energy consumption rate. In this study, 

an experimental apparatus for a loess dry sauna room that goes beyond the dry sauna room 

culture and enables enjoying dry sauna in the house where the person resides was made and 

the characteristics of temperature distribution in the dry sauna room were studied. As a result 

of this study as such, well-being heating, which is comfortable and beneficial to health, was 

implemented because radiant heating is implemented without movement or circulation of air 

unlike forced convection heating in which air is circulated by force with an air conditioner. A 

hot water boiler and a hot water pump were constructed to configure the experimental 

apparatus so that hot water is supplied to the hot water tubes embedded in the walls of the 

loess dry sauna room for heating.  

 

 

Figure 1. 3D schematic diagram of the single-person cabin experimental apparatus  

[Figure 2] shows a wall-mounted electric hot water boiler for supplying the thermal energy 

of hot water to the single-person cabin. As shown in Fig. 2, an electric boiler for supplying 

hot water heat to the hot water panels of a single-person cabin was installed to conduct an 

experimental study. The noise of the electric boiler for hot water heat supply was limited to 

37.5 dB, so that there was no sleep disturbance due to noise when a person is sleeping in the 

single-person cabin at night. Since an indoor wall-mounted electric boiler and the technology 

were developed as such, the energy loss could be reduced by 5% compared to the existing 

technology for installing the electric boiler outdoors when considering the heat dissipation 

loss and the loss of heat in the pipe. 

 

3. Results 

[Figure 3]~[Figure 6] shows the results of simulations of the surface temperatures of the 

wall and floor inside the single-person cabin, and the distributions of air temperatures and air 

flow velocities in the space inside the single-person cabin. The size of the single-person cabin 

is 2,000mm wide, 1,050mm long, and 2,200mm high. As shown in Fig. 3, the simulations 
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were carried out at a temperature of 70°C of the hot water flowing into the inlets of the hot 

water panels embedded in the walls and floor inside the single-person cabin. In addition, the 

simulations were carried out under the conditions of a flow rate of hot water of 3 L/min and 

an outdoor temperature of 32°C. ANSYS FLUENT R19 was used as the analysis software. 

The natural convection heat transfer inside the single-person cabin was simulated with gravity 

and incompressible ideal gas air. From the results of simulation of the temperature 

distribution of the air inside the single-person cabin in Fig. 4~Fig. 6, the average temperature 

of the air inside the single-person cabin was found to be 26.17°C, the air temperature at a 

height of 300 mm from the base of the single-person cabin was found to be 26.57° C and the 

air temperature at a height of 1,000 mm from the base of the single-person cabin was found to 

be 26.29oC. From the results of simulation of the air temperature distribution, the air 

temperature distribution resulting from to radiant heat transfer inside the single-person cabin 

was found to be uniform and this is considered to be well-being temperature distribution 

beneficial to health. In addition, in this study, the air temperature distribution measured in the 

experimental study and the temperature distribution value shown in the simulation results 

were in good agreement. Fig. 10 shows the distribution of air flow velocities in the central 

cross-section of the single-person cabin. The results of simulation of the air flow velocity 

distribution show 0.05~0.015 m/s. From the results of simulations in this study, the air flow 

rate was found to be much lower than that of heating by forced convective heat transfer, 

which is the conventional heating method. Therefore, from the results of simulation in this 

study, it was verified that heating is achieved by radiant heat transfer, which is beneficial to 

health. 

 

 

Figure 2. Wall-mounted electric hot water boiler for supplying hot water heat to single-person cabin  

4. Conclusions 

In this study, simulations were conducted on the heating heat transfer performance of a 

single-person cabin, and the following results were derived. 

In addition, in this study, the air temperature distribution measured in the experimental 

study and the temperature distribution value shown in the simulation results were in good 

agreement. 

The air flow velocity was shown to be much lower than that of heating by forced 

convection heat transfer, which is the existing heating method. Therefore, from the simulation 
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results of this study, it was verified that heating is achieved by radiant heat transfer, which is 

beneficial to health. 

 

Figure 3. Shapes of simulations of surface temperatures of the walls and floor inside the single-person 

cabin, internal air temperature distribution and air flow velocity distribution  

 

Figure 4. Distribution of temperatures of the surface of the bed in the single-person cabin 
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Figure 5. Distribution of temperatures on the surface of the bed at a height of 300 mm from the base of 

the single-person cabin 

 

Figure 6. Distribution of air temperatures on the central cross-section inside the single-person cabin 
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