310 TR - TP WOCKE B 74 5 28 (1995)/pp. 310~318

Aed AT 2987 54 2 A9 H7}

Characteristies of Thermal Environments and Evaluation of Thermal
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Abstract

In this study, indoor thermal parameters were measured to investigate the characteristics
of thermal environments and 138 occupants were questioned to evaluate Korean thermal
comfort in office building in winter. Thermal sensation was estimated by using PMV (Predict-
ed Mean Vote) and ET*(New Effective Temperature) indices. Comparing present experimen-
tal result with international standards and that of other research, Korean thermal responses
were discussed. Seasonal difference between summer and winter was also discussed. It was
found that TSV(Thermal Sensation Vote) is more sensitive than PMV to the variation of
temperature and that the measured percentage of dissatisfied is higher than PPD(Predicted
Percentage of Dissatisfied) in real office building environments. By regression analysis, the
following regression equation has been obtained; TSV =0.432ET*-8.814 and neutral tempera-
ture is 20.4°C in this case. Thermal comfort range based on 80% satisfaction is also 19.4~22.
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Description of K building

1t floors 4

Air-conditioning type Air handling unit

Structure Reinforced concrete

Constitution date 1969. 9

Measuring date 1994. 1. 19~25

Measured floors 2, 3F
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Fig.1 The plan view of the third floor in K build-
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Table 2 Instrumentation description
Quantity Model Measuring range Resolution
Alr temperature Mercury Thermometer —10~50C 01T
Relative humidity Asman Thermometer 0~100% 1%
Globe temperature Globe Thermometer 0~100°C 0.5C
Alr velocity Kanomax Anemomaster 24-6111 0~5m/s 0.1m/s
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Table 3 Scales for thermal comfort rate $ T
g o k| ° Winter ar 3
Thermal sensation Comfort sensation >= *  Summer” ]
scale scale = 1 3
—3 Cold g 0 "
—2 Cool z 1 -
—1 Slightly cool 0 C(?mfortable g :
0 Neutral —1 Slightly uncomfortable é’ -2 — .
] —2 Uncomfortable F oo mmmes Summer:-TSV=2,045PMV-0.211 1
*1 Slightly warm --3 Very uncomfortable _3-; I-Izl . _11 A L(l)‘ - ; ” Iz 3
+2 Warm .
Predicted Mean Vote
+3 Hot
Fig.3 Comparison of TSV with PMV
Table 4 Anthropometric data for the subjects
Total(138persons) Male(118persons) Female(20persons)
Mean + S.D.[Min.~Max.|Mean + S.D.|Min.~Max. |Mean + S.D.|Min.~Max.
Age [year]| 36.9+8.7 21~59 37.7+75 23~55 1299+13.0] 21~59
Height [cm]| 169.4+6.2 | 158~183 | 170.8+5.5| 160~183 | 161.3+3.3 | 158~167
Weight [kegl] 63.8+9.1 47~89 65.7+84 50~89 52.6 +6.6 47~68
Body surface area [m*]| 1.73+0.14 | 1.46~2.10 | 1..76 £0.12 | 1.54~2.10 | 1.54 £0.09 | 1.46~1.72
Clothing [clo]| 1.24+0.04 | 1.17~1.31 | 1.26 +0.20 | 0.74~1.63 | 1.18+0.36 | 0.76~1.83
Activities [met]f 1.20+£0.13 | 1.0~2.0 |1.21+0.14| 1.0~2.0 |[1.16+0.08] 1.0~1.2
Table 5 Distribution of the measured data
) Activities| Clothing| v RH.| t t |MRT|ET* PPD
Date| Time | # a @ & PMV TSV | CSV
[met] | [clo] [[m/s]|[%]|[C]{{*C]|[C]|LC] [%]
10:00f 9| 1.29 1.24 0.05 | 16 [20.0{19.0| 184 {18.5]|-0.12] 5.3|-0.22|-0.50
19 [13:30] 8| 1.30 1.23 0.05 | 17 |22.7]|22.3| 22.1 | 21.0] 0.42| 87| 0.00[-0.50
16:00| 7| 1.31 1.24 0.05 | 12 [235]23.8|24.0|21.8] 0.63] 134 0.43]-0.50
10:00| 14 1.19 1.29 0.06 | 20 {18.9(19.8(20.3(19.1}-0.19] 5.8 |-0.71]-0.79
20 |13:30] 13| 1.18 1.31 0.09 | 18 |20.0(22.1|23.6(20.8]| 0.19( 5.7|-0.23]-0.77
16:00( 9| 1.18 1.31 0.11 | 11 §21.8{225(23.1 (21.2} 0.23 6.1 | 1.11}-1.00
10:00] 9| 1.20 1.17 0.07 | 22 1209206204 (20.11-0.09] 5.2 |-0.20}-0.67
21 [13:30] 10| 1.20 1.27 0.07 | 21 }22.8(23.0(23.1{21.8] 045 9.1 | 0.90}{-0.80
16:00 1.20 1.25 0.08 | 18 |23.8(23.8|23.8224| 056|115 0.25}-0.63
10:00 1.17 1.20 0.04 | 10 [19.0|18.7|18.6 { 185|-0.54]11.1| 1.43]-0.71
24 113:30 1.16 1.19 0.08 5 (24.2(235)23.01}122.1| 0.32| 7.2 1.17|-0.83
16:00 1.16 1.19 0.08 | 10 |24.4(24.1| 239|226 0.46| 94| 0.67]|-1.33
10:00 11| 1.18 1.25 0.06 | 27 |17.8[17.8|178|17.6|-0.56| 11.5| 1.36]|-1.30
25 |13:30110( 1.18 1.24 0.07 | 26 {19.5(20.1}20.5|19.6|-0.17| 5.6 | 0.00 |-0.78
16:001} 11 118 1.21 0.06 26 121712171217 12101 014} 54| 0.45]|-1.10
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Table 6 Comparison of present experimental results with ISO Standard 7730

1SO 7730 Winter Summer
Regression equation TSV=1.934PMV-0.172 | TSV=2.045PMV-0.211

Neutral point

PMV =0 PMV=0.09 PMV=0.10

(TSV=0)
Comfort range
~-0.5<PMV<0.5 -0.17<PMV <0.35 -0.14<PMV <0.35
(-0.5<TSV<0.5)
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Table 7 Comparison of present experimental results with ANSI/ASHRAE Standard 55-1981

Winter

Summer

ASHRAE

Present

ASHRAE Present

Neutral
21.7
temperature [ °C ]

24.4 25.5

Comfort range [C]

) . 20.0<ET*-<23.6
(80% satisfaction)

19.4<ET*<224

22.8<<ET*<26.1 | 24.0<ET*<26.9
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Table 8 Comparison of present experimental results with other’s(winter)

Researcher Schiller et al.(1990) Present
Method Field study Feild study PMV-PPD model
Regression equation TSV=0.328ET*-7.20 | TSV=0.432ET*-8.814 | PMV =0.225ET*-4.513
Neutral temperature [ °C ] 22.0 20.4 20.0
Comfort | 20.0<ET*<(23.6 | -0.64<TSV<0.54 -0.18<< TSV <1.38 -0.01<PMV<0.81
range | -0.5<CTSV<0.5 20.4<<ET*<22.0 19.3<ET*<21.6 17.8<ET*<22.2
Optimal temperature [ C} 22.0 20.9 20.0
Comfort ) . 20.5<CET*<23.5 19.4<ET*<22.4 16.1 <ET*<24.0
80% satisfaction
-0.38< TSV <0.61 -0.65< TSV <0.73 -0.85 < PMV <0.85

range
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