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Abstract The stimulus changes of the elements of heating environment in a residential space 

with interior air control which will save energy and also enhance the comfort level. In this paper 

experiments were conducted to figure out the effects that the changes in temperature and air 

current have on Koreans' sense of temperature (sense of warm and cold, comfort, and 

satisfaction), which are considered to have greater effect and be easily controled compared with 

other warming elements stimulating residents' sense of temperature. Experiments were 

conducted for strong, medium, and weak air current of package air-conditioners at each of the 

temperature conditions 22℃, 24℃, and 26℃, and the results of the experiments were analysed 

for the physical adaptation time and the physical reaction. The changes in the comfort level of 

the body according to the temperature rise of 1℃ from 24℃ and 26℃ were observed through 

experiments and the results of adaptation time of body were obtained. When the condition of air-

conditioning was at 24℃, the sense of temperature remained "a little bit cool" 30 minutes after 

the initial air-conditioning, in the middle and at the end of air-conditioning due to the 

temperature rise through physical reaction and continuous stimulus changes of temperature and 

air current. The comfort level remained "comfortable" even at the higher temperature of the 

comfort zone by the temperature rise from 30 minutes after the air-conditioning due to the air 

current. The results show that changes in temperature and air current according to the physical 

reaction keep the human body feel continuous comfort for a long time from the beginning to the 

end of air-conditioning.  
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INTRODUCTION 

Due to the growing needs of the various and high-quality air-conditioning for houses and 

buildings, the development of an air-conditioner which can create a comfortable residential space 

with lower energy consumption is really needed.  

Among four warming elements improving the comfort and affecting the comfort level of 

temperature, the air current deprives the human body of more heat as its velocity rises. And also 

it maximizes the cooling effect through the contact with human body. Its cooling effect is higher 

than humidity or radiating heat. Artificial air current can be created by expanding comfort zone 

and it is easy to control.  



And the air-conditioner is in the beginning stage, middle stage, and later stage according to its 

operation and thus it can enhance the comfort level by quick cooling or changing stimulus 

according to the heat load of the human body. This will lead to the energy-saving and enhanced 

control over the comfort level by means of temperature and air current change. The purpose of 

the study is to develop a control system of sense of comfort  based on the sense date and 

evaluation of the sense by calculating the effects of the changes in temperature and air current on 

the Koreans' sense of temperature (sense of warm and cold, comfort level, and satisfaction).  

 

METHODS 

An artificial environment (4.1m×4.9m×2.7m) was prepared to create temperature, humidity, and 

air current for the experiments. All the walls, ceilings and floors were properly insulated so that 

the temperatures of the walls and interior air were almost same. An air current generator was 

made to create artificial air current, and the humidity was controled using a thermo-hygrostat.  

The subjects were asked to stay for 30 minutes in a room of an exterior weather condition in 

summer, at the temperature of 30℃ and the humidity of 50%. And then their physical reactions 

and adaption time of the body were observed after they were in the laboratory for an hour and 

half and two hours respectively. And a total of three hour experiments were conducted for the 

temperature rise according to the physical reaction.  

 

SUBJECTS 

Twelve adults in 20s (6 male and 6 

female) were chosen for the 

experiments. The oral temperatures 

of the subjects were all under 37℃ 

and their blood pressures were all 

normal. The table shows their ages 

and physical conditions. The body 

areas of the subjects were obtained 

by the method suggested in 

Takahira and the fomula is shown 

below.  

 

CLOTHING 

The subjects wore the same 

uniforms to meet the standard 

Clothing Insulation. There have 

been several ways to obtain 

Clothing and in this paper of 

Hanada & Mihira to calculate clo 

value was utilized in order to 

Temperature Condition Considering Human Adapted 

24℃ → 25℃ 

26℃ → 27℃ 

22℃ → 23℃ → 24℃ → 25℃ 

24℃ → 25℃ → 26℃ → 27℃ 

Table 2 Subjects 

Sex Males Females 

Numbers 6 6 

Age(yr) 21.0±2.8 20.3±1.2
*
 

Weight (kg) 61.4±7.3 53.8±10.7 

Height (cm) 172.5±5.5 161.0±3.4 

As (m
2
) 1.72±0.11 1.56±0.15 

Ponderal index [㎏ 0.33
/m] 2.25±0.10 2.30±0.11 

Table 1  Experiment Condition 

High Flow 22℃, 24℃, 26℃ 

Middle Flow 22℃, 24℃, 26℃ 

Low Flow 24℃, 26℃, 28℃ 



compare with the same calculation 

condition as in the case of foreigners. 

The formula is as follows. The results 

are 0.35clo for the male subjects and 

0.35clo for the female subjects.  

 

METABOLIC RATE 

During the experiment, the subjects 

read, chatted, or responded to the 

questionnaire, sitting in a chair. Their 

metabolic rate was assumed to be 1.1 

met based on the previous data.  

 

QUESTIONNAIRE 

The questionnaire used to analyse the 

subjects' psychological reaction is as 

follows.  

 

RESULTS 

 Temperature and air current according to physical adaptation  

When the air current was at about 0.6m/s, the subjects reported 'coolness' right after they moved 

to the laboratory from the pre-test room, due to the low temperature and rapid air current. As for 

the comfort there was a slight difference, and the subjects started to report 'uncomfortable' one 

hour after they entered the laboratory.  

The changes in air current after entering the laboratory had a greater effect than the difference in 

temperature.  

In the experiment with the air current of about 0.4m/s, the physical reaction time was about 40 

minutes at 26℃ and about 30 minutes at 22℃ and 24℃. At all the temperature levels, the 

subject reported 'coolness' 15 minutes after entering and reported continuous comfort from 15 

minutes. And from about 50 minutes more subjects were reporting 'uncomfortableness'. From 40 

minutes after the experiment the average skin temperature of all the subjects went beyond the 

comfort zone.  

In the experiment at the air current of about 0.25m/s, 'warmness' was repeatedly reported, and 

'comfortableness' was continuously reported due to lower velocity of the air current.  

 In the experiment at the air current of about 0.25m/s, the changes in the sense of temperature 

and average skin temperature remained almost the same under the different temperature 

conditions. At 28℃ the average skin temperature showed little change, but at 24℃ and 26℃, the 

average skin temperature began to drop 10 minutes after the experiment while the sense of 

temperature and comfort remained the same.  

Figure 1. Relation Between Thermal Sensation 

and Thermal Comfort Vote 



 

Temperature rise according to the physical adaptation  

The results of the experiment on temperature rise considering the limit of the physical adaptation 

showed that as a result of temperature rise of 1℃ from the limit hour of adaptation, the subjects 

kept reporting 'a bit cool' for about an hour and 20 minutes and thereafter they reported 'cool'. As 

for the sense of temperature, the subjects reported 'comfort' an hour after the experiment and 

thereafter they gradually felt 'uncomfortable'.  

 

Figure 2 Relation Between  Thernal Sensation Vote and Thermla Comfort Vote 

- Different  Temperature Conditions - 

Figure 2 Relation Between  Skin Temperature at  

Different  Temperature Conditions  



For the experiment of temperature rise according to the physical adaptation, at 22℃ of beginning 

temperature the subjects reported 'a bit cool' and 'cool' and kept reporting 'cannot tell' and 'a bit 

comfort'.  

For the experiment at 24℃ of beginning temperature, the subjects kept reporting 'a bit cool' 30 

minutes after the temperature rise. This suggests that the changes of the sense of temperature 

remained the same through the changes of air current. And the 'comfort' was reported 30 minutes 

after the experiment.  

 

CONCLUSION 

1) The physical reaction times to the temperature and air current were calculated. The subjects 

were more sensitive to the air current than the temperature.  

2) As for the limit time considering the limit of physical reaction, the subjects reported 'a bit 

cool' for the sense of temperature and 'comfort' for the sense of comfort level as the temperature 

rose by 1℃.  

3) For the experiment on the limit of physical adaptation, in the case of the temperature changes 

of 22℃ → 23℃ → 24℃ → 25℃ and 24℃ → 25℃ → 26℃ → 27℃, the subjects reported 'a 

bit cool', 'comfort', and 'cannot tell' even though the temperature kept rising.  

Based on the results of the study, the air-conditioning by the changes in air current and 

temperature of an air-conditioner is expected to save energy while maintaining comfortableness 

even though it is used for a long time.  

The results of the study also suggest the basis for the algorithm of the physical adaptation, and 

the algorithm was applied to the control of the air-conditioner.  

 

REFERENCES  

Takegawa Hirozo .et al. (1996): Development of Temperature Control Technology Utilizing 

Physical and Psychological Responses in Changing Room Temperature,Proceeding of The 20 th 

symposium on Human-Environment System,pp43-46  

ASHRAE55-1981,Thermal Environ-mental Conditions For Human Occupancy, ASHRAE 1981  

ISO7730:Moderrate Thermal Environments Determination of the PMV and PPD Indices and 

Specification of the Condition for Thermal Comfort,1984  

Hardy,J.D. and DuBois, E.F.(1938): The Technic of Measuring Radiant & Convection, Journal 

of   Nutrition, Vol.15, No. 5  

Hanada,Y., Mihira, M. and Ohhata,K. (1981): Studies on the  Thermal  Resistance of Women's 

Underwear,Japan Res. Assn. Test. End-Uses.,Vol.22 No.10, pp 31-41  

Fanger,P.O.:Thermal Comfort, McGraw- Hill Book 1970  

Handbook of Physiological Science Vol.22.(1987),  Physiology of Energy Exchange and 

Thermo- regulation,  Igaku-Shoin  

Lee,J.Y. et al.(2000):The  Evaluation of Thermal Comfort Affected by Conduction from water 

Heated Floor to Contacted Body Surface,J.Archit. Plann. Environ. Eng., AIJ, No.536, pp43-48, 

Oct. 2000 


