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EFFECT OF KOTATSU ON OCCUPANT 
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Gokiso-cho, Showa-ku, Nagoya-city 466 
Tel: 052-735-5509, Fax: 052-735-5568 

ABSTRACT KOTATSU is a well -known heating facility in Japan. It heats '. he 
lower extremities of a body by an IR beater or wood coal fire in a box. The objective of 
this paper is to clarify the thermal effecl of KOTATSV on a person. Experiments w~'re 
carried ouc under the following combined condirions: air cemperarures were l 1°C l.+-
170C, and 20°C and IR lamp levels were 'off, 'low', 'middle' and 'high' which corresix nd 
to OW, 87W, 91Wand181 W IR heacer electric power consumption, respectively. hve 
male and six female subjects participated in those experiments. The following re lilts 
were obtained: I) The mean skin temperature at the lower extremities of the body l\, ·e 
and lhat at che upper extremities dropped respeclively. at the same time while a sub,1 .~ct 
was seated at the KOTATSU. 2) The heating facility KOTATSU at 'middle' IR he·11er 
position has the C(jUivalent effecc of 8°C air temperature rise at 11°C air temperature, ·:ind 
also has more than 2°C effectiveness at 14°C air cemperarure even if the lR lamp ol 1 he 
KOTATSU is turned off. 3) Even if actual air temperacure is below the optimal tempera! 11re 
KOTATSU has a great potential for occupants to make the thermal comfort in the l'. ild 
environment. 

1. INTRODUCTION 

KOTATSU is a well-known heating 
faci.lity from rhe ancient times in Japan. 
This heacing facility KOTATSU heats 
lower extremities by an IR heater or wood 
coal fire in a box covered with Futon. The 
KOTA.TSU with an LR lamp have come into 
wide use recently. Moreover, KOTATSU 
plays an important role in Japanese daily 
living environment in winter. The 
KOTATSU is much used as properties for 
conversation, taking a meal, manipulate 
working and etc . . As shown in Fig. l, the 
typical heating facility KOTATSV is 
composed of a coverlet, a mattress , a 
wooden frame wilh an IR lamp and a board. 
Nevertheless, there is few studies [l-5) 
regarding thermal effect of KOTATSU on 
a person. The purpose of this paper is to 

Fig. 1 An Illustration of The Typic;,1 
Heating Facility KOTATSV 
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indicate and to clarify the thermal effect 
of KOTATSU on a person throughout 
experiments using eleven subjects. 

2. EXPERIMENT AL DESIGN 

From October, 1995 until April, 1996, 
a series of experiments were conducted in 
the environmental test chamber at Nagoya 
Institute of Technology. A test room 
(dimensions 2.8 x 2.8 x 2.0 m3) and a pre
test room (dimensions 2.6 x 2.6 x 2.0 m3

) 

were built in tbe chambers abo e, air 
temperature can be controlled by the air 
conditioners. The floor plan of these test 
rooms are shown in Fig. 2. KOTATSU with 
an IR lamp was used in the experiments. 
The experimental conditions are listed in 
Table 1. In the pre-test room, air 
temperature was kept at 25°C. In the test 
room, air temperature and the IR lamp 
level were controlled the following 
combined conditions under 50% rh : air 
temperature were l1°C, l4°C, 17°C and 
20°C and the IR lamp Jevels were "off", 
"low", "middle" and "high" which 
corresponds to OW, 87W, 91 Wand 181 W 
of IR heater electric power consumption, 
respectively. The air velocity in the 
occupied zone is less than 0.15 m/s. Five 
males and six females, ranged in age from 
19 to 24 years old were adopted as subjects. 
The physical data for the subjects used in 
this study and the measured insulation 
values of the clothing are shown in Table 

Table 1 Experimental Conditions 

Air IR Lamp Relative A ir Subjects 

Temp·erat urc Condition• Hwnidity Velocity 

'C % m/s Male F emale 

II Middle AN.AR.OZ 
Hi~h TG.GK 

Turnoff 
14 Low 

Middle so less than IT,IM,OS 
Turn Off 0.1 FS,KT AN.AR.OZ 

I? Low MT,TG 

Middle 
Turn Off 

20 Low 
Middle 

*IR I.amp Electric Power Consumption 
'Turn orr ow 
'Low' 
'Middle' 
'High' 

86.2W 
91.lW 

181.4W 

Table 2 Physical characteristics of subjects 
5 • bJtC1 ,,, Hn1bt W~Jhl Body Swflcc Aru"' Oo \'.Jur •• N;iD \O rPlatc Sn 

Iaol Pd l!'!l ~i IT 22 170.5 59.S 1.69 Aichi 
lM 23 165.1 59.5 1.65 0.87 Aichi 
OS 21 176.7 S6, I 1.69 0.89 Akhi Male 
PS 21 177.S 73.0 1.811 0.92 Aichi 
Kr 2' 1"7-I L~ 75.5 us 0.89 Gllu 
Al' ll 161.l> 50.7 I.SJ 0.83 °''" AR 19 162.0 58.0 1.61 0.83 Toyama 

oz 19 149.6 41.7 1.35 0.83 Shizuok.a Female 
MT 20 155.11 44. I 1.4 1 0:83 Olfu 
TG 23 155.0 SO.R 1 .... 0.83 Al chi 
Qt; 1A 15'.-I 46.11 1 . .w; 0.83 /Jtbi 

*Kurazumi fonnula [6] 
A= 100.315W0383H 0·693 

W: weight [kg] H: height (cm] 
**Hanada fonnula [7] 

Y=0.000558W+0.068 
W: total clothing weight [g] 

Table 3 Clothing conditions 
C101bios, 

Wwking coat and trousers s ... s.i:tc 
M-sizc 
L-size 

LL-size 

Long-sleeve, dress shirt 
T -sbin 

Brief( male) 

Panlies(femalc) 
Bra( female) 

Soc" 

Wca~bl !JI 
950 

1010 
1060 
1110 
210 

95 
60 
IS 
43 
so 
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Table 4 Instruments and l\ 

Measuring Therm~ 
and Human Respo 

Rel11.tive Humid.in· 

Globe Temoerature 
A.it VeJocitv 
Swfacc Ternoerafure 

Skio Temper.arwe 

OnJ Tcmpenture 
O othui l? Surface 

He.i f Aow Rare 

lbnjofoq1ral J< u9PD.W 
-typed Th el'OJocouple(O.rinro 

+ · lyped ThetDJ ocoup/e(O 2 
· tYPed TberrnocoupJe(0:2:: 

Heat Ao~ Meier 

Thc1111ai Sensation -cold 

-3 -2 
Linear Sqik 

• I 0 +1 
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Fig. 3 Voting Scales for ThennaJ 
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able 4 Instruments and Methods for 
Measuring Thermal Conditions 
and Human Responses 
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2. All subjects wore a clothing ensemble 
~s shown in Table 3. T he subjects stayed 
tn the pre- test room for 30 minutes under 
air temperatu.re = 25"C and air velocity< 
O. lm/s in a sedentary position. After th.is 
period, the subjects were exposed to the 
experimental conditions for 60 minutes in 
the test room. The subjects were allowed 
to read a book during the exposure time. 
The measurjng instruments and methods 
for thermal conditions and human 
responses are shown in Table 4 . The skin 
temperatu res o f each subject were 
measured by means of 0.2mm ¢ T- typed 
thermocouples attached to the skin by che 
surgical tape. The subjects reported their 
thermal sensation, comfort sensation and 
radianc perception on the whole body, 1he 
low er body and the upper body by 
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X Mean skin temperature 
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181 Lower Back 
0 Back of Hand 
A Posterior Thigh 
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min. 

* Oral 
6. Upper Chest 
D Shoulder Blade 
0 Forearm 
• Antenor Thigh 
• Shin 
T Instep 

Fig . 4 The changes of oral and ~kin 
temperatures for the subject l )S at 
air temperature 11°C and IR lamp 
level 'middle' with the passa~·e of 
the time. ·' 

checking liner scales and categl'rical 
scales [ 1 OJ on the ballot as shown i 11 Fi o 
3. o· 

3. RESULTS 

The changes of oral an l s kin 
temperatures for the subject 0 ·1t air 
~e':11per.at~re ll°C and IR lamp lev el 
middle with the passage of the ti111e are 
shown Fig. 4, as an example. The values 
above each graphs represenl psychol11gical 
reacti~ns on a subject reported by 
categorical scales. The skin temp r:itures 
at the anterior thigh, posterior thigh, shin, 
calf and instep in the KOTATSU rose with 
the passage of the time from enteri110 the 
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* Oral 
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D Shoulder Blade 
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• Anterior 1bigh 
• Shin 
T Instep 

Fig. 5 The changes of oral and skin 
temperatures for the subject OS at 
air temperature 14°C and IR lamp 
level 'turn off with the passage of 
the time. 

test room. The skin temperature at the shin 
nearest to the IR lamp rose up to 39°C 
throughout the exposure time. The oral 
temperature and the skin temperatures at 
the forehead and abdomen as a trunk, were 
constant. The skin temperatures at the 
upper chest, shoulder blade and lower back 
dropped. The skin temperatures at the 
forearm and back of the band as 
extremities, dropped with tbe passage of 
the time. Especially, the skin temperature 
at the back of hand dropped largely to the 
approxlmacely 24°C duri.ng 60 minutes of 
exposure time. The mean skin temperature 
was being at constant throughout the 
exposure time. The thermal sensation vote 
reported by the categorical scale is constant 
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0 Shoulder Blade 
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• Anterior Thigh 
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T Instep 

Fig. 6 The changes of oral and skin 
cem.peratures for the subject OS al 
air temperature 20°C and IR lamp 
level 'middle' with rhe passage of 
the time. 

at the thermal neutrality. 
The changes of oral and ski.o 

temperatures for the subject OS at air 
temperature 14°C and IR lamp level 'turn 
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Fig. 5. The oral temperature and the skin 
temperatures at the abdomen and forehead 
is constant. The skin temperatute at t~e 
back of hand exposed to cold room air 
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exposure time . As for the therm d 
sensation. the subject reported cool 
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;hanges of oral and skin 
ratures for the subject OS at 
iperature 20°C and IR lamp 
:niddle' with the passage of 
1e. 

neutrality. 
anges of oral and skin 
. for the subject OS at air 
4°C and IR lamp level 'tum 
::tSsage of the time are shown 
al temperature and the skin 
tt the abdomen and forehead 
'he skin temperature at the 
ex posed to cold room air 

, and that at the forearm 
. The mean skin temperature 
)ximately by I°C during the 
ne. As for the thermal 
e subject reported cooler 

:i.nges of oral and skin 
for the subject OS at air 

temperature 20°C and IR lamp level 
•roiddle' with the passage of the time are 
shown Fig. 6. All of the skin temperatures 
at Positions located inside the KOTATSU 
rose with the passage of the time. The oral 
temperature and all skin temperatures 
except the above positions were 
approximate ly constant during the 
exPosure time. The mean skin temperature 
rose approximately by 1°C during the 
exposure time. The subject reported 
wanner sensation with the passage of the 
time. 

Throughout the all exposure tests, the 
oral c.emperature and the skin temperacure 
at the trunk were kept at constant while 
the subject was seating at the KOTATSU. 
The skin temperatures at the upper 
extremities exposed to cold air decrease 
with decreasing the air temperature. The 
skin temperatures at positions located 
inside the KOTATSU rose even if che IR 
lamp was turned off. This phenomenon 
results in thermoregulatory system that 
control heat balance between the human 
body and its surroundings. 

5. DISCUSSION 

The values of the last v ates 
throughout of exposure time were used for 
the analysis. To calculate the accurate 
mean skin temperature under using 
KOTATSU heating facility, the 12-point 
weighting coefficients introduced by 
Hardy-DuBois [8] were modified with the 
measured values of the contacted surface 
areas. The relationship between the 
modified mean skin temperature and 
thermal sensation vote at the whole body 
for all subjects is shown in Fig. 7. The 
regression line in this graph indicates an 
increase in the thermal sensation vote with 
increasing the modified mean skin 
temperature. The modified mean skin 
temperature is 34.0qC when subjects 
reported thennal neutrality approximately 
50 arbitrary scale. 

For the present analysis, a new single 
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