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Abstract

The purpose of this study were to investigate the bed climate and the physiological responses
in sleep on the traditional Korean floor heating system called Ondol.

Ondol has been the most widely used heating system in Korea, yet there has been a no
systematic studies examined its environmental effects on human body.

Experimental room was constructed to match the typical thermal environment of Ondol.
{floor surface temperature; 32~33°C, air temperature; 22.5+1.0°C, relative humidity; 64.0+4.
0%RH, air velocity; 0.25m/sec.)

Three different combinations of bedclothes were chosen for the experiment based on the
study results showing that they were the most widely used types in Korea. Type 1 was the
combination of a cotton-padded mattress with a cotton-padded Korean style blanket. Type 2
was a cotton-padded mattress with a cotton-guilted Korean style blanket. Type 3 was a
cotton-padded mattess with a polyacryl blanket. Thermal resistance of each of these combina-
tions in the bedclothes was measured using thermal manikin.

Two adult female was chosen for the seven hour sleeping experiment which was known to
be the average sleeping hours of Korean adult female.

The bed climate was measured with the temperature under the mattress, the surface temper-
ature of the mattress, and the air temperature and the relative humidity of the space between
the mattress and blanket.

The skin temperature, rectal temperature of the subjects and the bed climate were measured
eight times, one hour before the experiment and every hour during the experiment.

The weight loss and the subjective sensation were measured for the each subjects before and
after the experiment.
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The procedure was repeated twice with two subjects and three types of bedclothes, yielding

twelve combinations of results.

The results were as follows;

1. With the surface temperature of 32~33°C of Ondol, air temperature was 22.5+1.0°C with
64.0+4.0% RH. The bed climates were 39.2+40.8°C under the mattress, 35.3~36.2°C on the
mattress, and 26.9~32.0°C with 56.0~71.3% RH between the mattress and the blanket.

2. Mean skim temperature during sleep was 34.2°C with local skin temperature of 34.0~35.

5°C. The skin temperatures of abdomen, thigh, foot were higher than the other parts of the body.

3. The skin temperature of chest, thigh, leg and back varied significantly according to the

combinations of bedclothes. With the cotton-padded blanket, the skin temperature was the

highest, while with the cotton-guilted blanket showed lowest.

4. Examining the relationship between the mean skin temperature and the local skin temper-

ature, the chest temperature showed the highest correlation with the former. Therefore, the

chest temperature can be recommended to represent the skin temperature in measuring the bed

climate.

5. The subjective bed climates were 39.0~40.4°C under the mattress, 35.2~35.9°C on the
mattress, 29.8~31.6°C with 56.8~68.4% RH between the mattress and blanket.

In sum, from this experiment we not only obtained the reliable value of bed climates on
Ondol, but also showed that the bed climates and the physiological responses were affected

differently according to the materials of bed clothes.
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Table 1. Description of experimental garments
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ATE 93 g, “clo”® vehlile Rl Agsh, &
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Table 2—2. The manikia’s average skin temperature and
power consumption in bedclothes
_ Average skin Power
Description temperature (°C) consumption (KJ)
Fol& 34.21 184.40
2 8 33.30 187.27
Felol 32.25 201.27

Table 2-3. Combination of Bedclothes.

Discription Fiber content (%) Weight (g)
B, &8 +&0j %
Shorts Cotton 100 12 B, &2+ 7ol
Pajama Cotton 100 447/407 By, &o+%e
Table 2-1. Description of experimental bedclothes.
Description | Weighttkg/cm?) | Thicknessimm) Length{cm) Width{cm) Fiber content
% sl
& 2 324.4 43 209 100 (ﬂw;*)\ig—’-;” n)). A7}
1/ [=3 v
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% ol ¥ 152.5 25 199 158 g]’\’l). IR (Fda
=
ulo] & l 56.7 5 191 148 AL lBem
} 2 r 77.5 | 10 197 167 EEREL
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Table 3. Physical characteristics of subjects

Physical characteristics

Subjects

Age Height Weight Body surface
(year) {cm) (kg) area (m?)
25 164 54 1.6
S 22 154 55 1.5
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7 very hot (wHF "ich)
6 Hot (d+h
5 Warm (whE23)et)
4 Not both (BEolch)
3 Cool (A3}
2 Cold (Fh
1 Very Cold ("}-§ Zc})
7 Very humid (v} % s531ch)
6 Humid (%3}eh)
5 A little humid (27} 4381}
4 Not both (B &0t}
3 A lttle dry (F7} Az3)e})
2 Dry (Azs}e})
1 Very dry (ol Ax3lc)
5 Very uncomfortable (eh-%- £ 5}c})
4 Uncomfortable CE =)
3 Indifferent (BEolch
2 Comfortable (4= 3}he})
1 Very comfortable (e} A 3k}
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Fig. 1. Positions of bedclimate measurement

Table 4. Mean bed climate during 7 hours sleep

Environment Combination Subject Bed climate
of bedclothes Mc, (°C) MC, (°C) MC, (°C) RH (%)
5 Y 40.2 36.2 32,0 62.3
! s 408 35.9 315 71.3
22.5+£1.0°C
8 % 39.7 35.3 26.9 57.2
! 3 39.8 35.3 28.1 57.6
64.0+4.0%
RH B, Y 39.2 35.3 29.1 56.0
s 39.9 35.5 29.2 58.3
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Fig. 2-a. Bedclimate(MC,) during 7 hours sleep.
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Fig. 2-b. Bedclimate(MC;) during 7 hours sleep.
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Table 5. Rectal, skin & mean skin temperature during 7 hours sleep °c)

wo R oo

Location

o Rec- Fore- Chest Abdo- Fore- Thigh Leg Foot Back Mean Skin
Environment Combination Subject tum head men arm Temp
of bedclothes
B8 Y 36.5 33.8 348 354 344 35.0 348 35.2 35.7 34.8
! S 36.2 34.1 35.0 356 339 355 35.0 354 35.1 34.9
22.5$¢1.0°C
B Y 36.2 34.0 34.0 346 34.0 33.2 334 338 34.9 33.8
: S 36.0 344 34.1 345 331 339 33.6 344 34.3 33.9
64.0+4.0%
RH B Y 36.3 34.1 34.1 34.3 33.8 334 33.7 34.6 35.0 33.8
3
S 36.1 334 345 345 34,2 34.2 34.1 3441 34.6 34.2
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Fig. 3-a. Chest skin temperature during 7 hours sleep.
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Fig. 3-b. Thingh skin temperature during 7 hours sleep.
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Fig. 3-c. Mean skin temperature during 7 hours sleep.
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Table 6. Correlations among skin temperature of each parts of body & mean skin temperature

Combination

of Bedclothes Subject Forehead Chest Abdomen Forearm  Thigh Leg Foot Back
B Y 0.0659 0,7467 0.2858 0.5918 0.8419 0.7446 0.5796 0.0083
! S 0.4698 0.8922 0.8428 0.8463 0.6842 0.5196 0.3978 0.3948
B Y 0.7693 0.8218 0.7416 -—-0.0288 0.7713 0.2525 0.4672 0.5105
? S —0.4880 0.8341 0.6567 0.7869 0.7417 0.7491 0.6743 0.2567
8 Y 0.5326 0.7370 0.1811 0.8164 0.1774 0.5770 0.3808 0.6016
? S 0.5473 0.7370 0.6113 0.6072 0.7336 0.7521 0.8115 0.6733
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Table 7. lnsensible perspiration and bedclimate
Combination Subject lasensible Bed climate
of bedclothes pespiration (kg) MC, (°C) MC, c) MC, Cc) RH (%)
5 Y 0.331 40.2 36.2 32.0 62.3
' S 0.448 40.8 359 31.5 71.3
5 Y 0.220 39.7 35.3 26.9 512
’ S 0.236 39.8 353 28.1 57.6
5 Y 0.269 39.2 35.3 29.1 56.0
’ S 0.397 39.9 355 29.2 58.3
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