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Abstract

This study was done to investigate thermal responses and to obtain the basic information
of thermal comfort by sex and posture undér the-Ondol heating system.

Six healthy males and females were exposed to On\dol(Room Temp.: 25+1C, 50+10%R.H,
Floor Temp.: 30+1°C) on one of posture such as sitting, lying aside and supine on the floor
for 30 minutes after 30 minutes’ control phase. During the experiment, rectal temperature,
skin temperature of 10 areas, local sweating rate, clothing microclimate, subjective sensation
were measured. Rectal temperature gradually decreased and mean skin temperature grad-
ually increased both male and female in any posture. There was not significant difference
between male and female in rectal temperature and mean skin temperature. There were

'significant difference among the pbstures in rectal temperature(p<0.001) and mean skin

temperature(p<0.001). In lying aside and supine on the floor, appearances of change and
changes in rectal temperature and mean skin temperature were large, changes of weight were
small. In sitting on the floor, appearances of change and changes in rectal temperature and
mean skin temperature were small, changes of weight were large. The trunk skin tem-

“ perature was higher in female than in male, but the extremity skin temperature was higher

in male than in female. In sitting on the floor, foot skin temperature(p<0.001) was higher than
any other local skin temperature. In supine on the floor, back skin temperature(p<0.001) was
higher than any other local skin temperature.
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. Table 1. The statistical analysis of rectal temperature at each posture

Total P1 PO PIN -
- F-value
Mean SD. Mean S.D. Mean S.D. Mean S.D.
Male 37.00 0.26 37.10a 0.28 36.95b 0.21 36.95ab 0.25 411
Female 36.98 026 37.11a 0.21 36.93b 0.25 36.89b 0.28 7.47°°
Total 36.99 0.26 37.10a 0.25 36.94b 0.23 36.92b 0.27 11.33°**
t-value 0.66 -0.14 0.33 0.96

*p<0.05, *°p<0.01, p<0.001 a, b;Scheffe’s test

P I ;Sitting on the floor PI;Lying aside on the floor PII;Supine on the floor
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Table 2. The statistical analysis of mean skin temperature at each posture

Total PI PII P II Fovalue

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Male 34.11 0.49 3391b 0.46 34.19ab 0.56 34.22a 0.38 4.70°
Female 34.17 0.43 34.00b 0.41 34.31a 0.37 34.20ab 0.45 5.20**.
Total 34.14 0.46 33.96a 0.44 34.25a 0.48 34.21a 0.42 9.31°*°*
t-value -1.02 -0.88 -1.12° 0.24
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Table 3. The statistical analysis of skin temperature at ‘each posture
Total PI PII PHm F-value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Male 34.75 0.54 34.67a 0.83 34.80a 0.32 34.79a 0.31 0.61
X1 Female 34.88 0.34 35.16a 0.17 34.79b 0.33 34.71b 0.31 25.48***
Total 34.82 0.46 3491a 0.64 34.79a 0.33 34.75a 0.31 2.56
t-value -2.16*** -3.45*** 0.07 1.11
Male 34.21 0.87 33.93b 0.67 3.41a 0.75 34.30a 1.09 3.18°
X2 Female 34.79 0.90 34.85a 0.81 34.82a 0.94 34.69a 0.96 0.32
Total 34.50 0.93 34.39a 0.87 34.62a 0.87 34.50a 1.04 1.07
‘t-value -4.80 -5.33 -2.07 -1.62
Male 3493 0.76 35.39a 0.61 34.58b 0.91 34.83b 0.47 12.99*¢¢
X3 Female 35.45 0.83 35.89a 0.57 35.44b 0.70 35.02b 0.95 11.87***
Total 35.19 0.83 35.64a 0.64 35.01a 0.91 34.93b 0.75 18.05***
t-value -4.77 -3.61 -4.51 -1.05%**
Male 34.87 1.82 33.39b 0.76 34.62b 1.54 36.60a 134 59.62***
X4 Female 34.94 1.67 33.65b 0.61 34.51b 0.94 36.68a 1.50 75.24°**
Total 3491 1.74 33.52¢ 0.69 34.56b 1.26 36.64a 1.42 133.29*¢*
t-value -0.32 ~157 0.37** -0.25
Male 33.92 0.56 33.60b 0.57 - {34032 0.60 34.12a 0.36 10.09***
X5 Female 33.66 0.81 33.40a 1.06 335§b\ 0.48 34.02a 0.67 6.28°°
) Total 33.79 0.71 33.50b 0.85 33.79a 0.59 34.07a 0.54 12.74°**
t-value 2.72%** 1.01°** 3.78 0.72°**
Male 34.11 0.55 34.12a 0.64 34.31a 0.43 33.90b 0.50 5.25**
Female 33.93 0.69 33670 0.56 34.34a 0.57 33.78b 0.76 11.36***
X6 Total 34.02 0.63 33.89b 0.64 34.32a 0.50 33.84b 0.64 14.00°**
t-value 2.12° 3.18 -0.25 0.81
Male 33.97 0.79 33.60b 0.68 34.23a 0.55 34.07a 0.96 6.82**
X7 Female 3367 0.80 33.50b 0.88 34.27a 0.55 33.24b 0.51 23.19***
Total 33.82 0.80 33.55b 0.79 34.25a 0.55 33.65b 0.87 18.54%**
t-value 2.73 0.53 -0.32 4.56°*°
Male 33.66 0.65 335la 0.94 33.84a 0.47 33.63a 0.36 2.38
X8 Female 33.40 0.78 32.85¢ 0.78 33.94a 0.41 33.40b | 067 26.22°**
Total 3353 0.72 33.18¢ 0.92 33.89a 0.44 33.51b 0.55 20.29***
t-value - 264 3.24 . -1.05 1.76***
Male 33.54 0.71 3361b 053 | 34.03a 0.79 32.98¢ 0.25 31.30°°*
X9 Female 3358 0.72 33.70a 0.37 33.93a 0.92 33.11b 0.50 15.52°°*°
Total 33.56 0.72 33.65b 0.45 33.98a 0.86 33.05¢ 0.39 44.33*°*
t-value -0.43 -0.93* 0.52 -1.43°**
Male 33.07 123 34.14a 121 33.02b 0.64 32.04c 0.68 50.80°**
X10 Female 33.40 1.43 34.62a 1.07 33.64a 0.88 31.94c 0.75 79.57°°*
Total 33.23 1.34 34.38a 1.16 33.33b 0.83 31.99¢ 0.72 121.67*°*
t-value -1.82 -1.75 -3.45 0.61

*p<0.05, **p<0.01, p<0.001 a, b;Scheffe’s test
P I ;Sitting on the floor PIH;Lying aside on the floor PII; Spine on the floor
X1;Head  X2;Chest X3;Abdomen .X4;Back X5;Upper arm
X6;Forearm X7:Hand X8;Thigh X9;Lower leg X10;Foot
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Fig. 6. Changes of local skin temperature by posture
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Table 4. Correlation between rectal temperature and mean skin temperature -and local skin temperature at each

posture
Rectal temperature Mean skin temperature
P1 PII Pm P1I PII Pm

Male |Female| Male |Female| Male |Female| Male |Female| Male | Female| Male | Female
X1|067%** [-0.28 -0.19 0.67***]-0.19 0.53***| 0.18 0.41° 0.13 0.33 0.13 0.56°°*
X2| 0.08 -0.38* |-0.85***| 0.00 -0.85***| 0.31 0.35* }0.65°**; 0.83***| 0.22 0.83***1{ 0.79***
X3! 0.33 -0.05 -0.72***| 0.26 -0.72***} 0.52°** | 0.79*** | 0.81**" | 0.68°**| 0.65°** | 0.68***| 0.74***
X4-0.02 -0.67***1-0.33* | 0.03 -0.33* |-0.69***} 0.48** | 0.91*°** | 0.65°**| 0.38* 0.65***| 0.33
X5| 0.46°° | 0.28 -0.67***| 0.38* |-0.67***] 0.49°* | 0.77°** | 0.58*** | 0.56°**| 0.78*** | 0.56***| 0.46**
X6 [-0.31 -0.67***| 0.52** | 0.56°**| 0.52°* | 0.82°*| 0.47°* | 0.48°* | -0.46** | 0.74*** {-0.46** | 0.62°***
X7} 0.06 -0.08 -0.53***| 0.46°* |-0.53°**| 0.77***| 0.42* [ 044** | 0.77°**| 0.81*** | 0.77°**} 0.17
X81-0.06 -0.52°°**1-0.69°°*| 0.47** {-0.69***| 0.63°**| 0.88°** | 0.93*** | 0.72***| 0.85*** | 0.72***| 0.86***
X9| 0.14 0.01 -0.35***|-0.07 -0.55***|-0.01 0.72*** 1 0.62*** { 0.50°* | 0.33 0.50°* | 0.67*°*
X10]-0.41°¢ 0.04 -0.66***! 0.06 -0.66°**| 0.42°* | 0.64*** | 0.57*** | 0.49** | 0.71*** | 0.49°** ] 0.23

*p<0.05, °**p<0.01, p<0.001

P [ Sitting on the floor PII;Lying aside on the floor PIIl;Spine on the floor
X1;Head X2;Chest X3;Abdomen X4;Back X5;Upper arm
X6;Forearm X7;Hand X8;Thigh X9;Lower leg X10;Foot

Aztdd, ¥4, £59 AL @A 3L vE
Wl o]Zle £ Aol $7Eo] 25C24 o] #HL
o x3s5]917] Wlgol 57 sigloeiet Az, go
2 5§ A A4S, G U Aol dehton
%, stel, @5 77 1.75T, 1.13C, 0.68CS 4ol
Helgeh o]AE o|F %49 422 vist vz A
27} 7brk 9 2 BAldol ol % ddbolat ALY ¥
+ A g, 5o H¥ee 4.18CH Aoz @
A floo), 2 9 $ole £Zo 2 Wtagich oA
< FEAAE Aol gt 5 3905 28kl s}
3 WA Yatsle] g FHuco) LEuletes Jake
27 whe Azte} ARk

Table 4+ AZ¢, BT 4 T4 A2
o 4nWAE el ek Aed 7 T4 9y
3 Fo| AVVAE valew, ghe A9 e,
dAE #2](p<0.001), 4H(p<0.0D), ¥F(p<
0.05), odx= F%(p<0.05), S(p<0.001), g
(p<0.001), =4=(p<0.00D)st ¥ 4L 23t
dog ¥¢ Ao 74, dAE ojUE A HE

oo} e A vya, A o2(p<0.001),

Ael(p<0.05), HeH(p<0.001), £(p<0.01), =H5]
(p<0.0) 9} T Aue vgch & Ao 7,
e o2l € A & Y99 Agest 22 A
A §4, 3EE AP e Felo g 4

o33t 74 T4 ARl WAL o= A4
£ $73n oo g AslY ey sves ¥7
d3eshe £ A4 dehies, S8 BY, 49,
osle) 5325 e 4(p<0.001) & Lsich

4. & g 4F dag

Fig. 7& 3, A4 $%, 4, 35 4 319
F4 B vehia oo, AR dRle] T4
Witefo] ofxluct Yokw, 329 AAF ok =4
9] A7t Faugbake] ke, REAAMNA F4
o T4 wgleke] @A JElntcl o Aol A,
e f4-9) T4y 0.067g/12cm?/hr, hE
TR 0.034g/12cm?/hr,  Adste] Sy
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Fig. 7. Sweating rate at each posture

0.022g/12 cm?/hr, £o.2 gk, olzte] 7%k
+(0.030g/12 cm?/hr), 4-2+(0.025 g/12 cm?/hr) ol 4
oiots, o= (0.010 g/12 cm?/hr)oll A = A Jelytel,
dog ¥& M9 AL IAE FY¥ (0.042g/12
cm?/hr), ©1E(0.017 g/12 cm?/hr), 4-2H(0.0162/12
cm?/hr) 8] Folgend, ofxe] A F4(0.0208/
12 cm?/hr), 4+2H0.015g/12cm?/hr), ©iE (0.005
g/12cm?/hr) o] o2 AAHog A FLUYFE
velliel, 7 Adlelde dabe] e, 8 F4w
&eke] 0.060 g/12cm?/hre 2 713 sigkz 3 oo ¥
2JollAE 0.020~0.013g/12cm?/hre] w]5§ FEE
vebct

A7k A o Jajel ajgs
ojzte] AF Ztayct aA Jeldon), Yaie] Re
ek 24l 0.23kg/hr, = A4 0.18kg/hr, gloz.

5 A 0.12kg/hr 2.2 E9ton] ofxle] gL
0.05~0.06 kg/hr& =} 7ke] xlol+= Mo)x] 9gte}

uhgleke] Adzloll chalA} Morimoto-5(1967), Bit-
tel 5(1975)& A&7 ol % 235 vebn], oai-
G2 woh 09 gHel A A (L A ER, va
gs An axks A9 B30t 45 @784 Jehg
ot1 wasigich

olalgt Aake AT2Ee o 7|l A2 3
Aol 7t AL dalele} A7zEc), Kawahata
(1960) £ 45229 A% Fo A|¢ AF2 ¥g ¥4
2o Wil £ L2, wizks 2 o] Wk Az
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Solx Azt oAk dAs At gl wado]
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erglcl . Morimoto 5(1967)-2 | A dtsieni, ol2) g
Aol B Qo] Astel dxlshe AL & 4 AUtk
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82 njxE 89l F shbsl syqt—igiele 2
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g, €58 5¢ Aol 2ol oatol kg Aol
Eoty, uig)z olEls}l dEolAdi T A et o
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5. |8l 71¥
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33.11C2 gAte] 32.39C et ¥9kw, oz w8 A
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2ot wxat 2 AAE ] Wi opalst w)sgt FEE
vehdict

gy A7 o5 = HFe oo Aol A,
i 27 41.20%, 37.90%% 3, Fog & A
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