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The Study on Indoor Thermal Environment

during Convection Heating
- Thermal Comfort Sensation for Vertical Temperature Differences -
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Thermal neutrality is not enough to achieve thermal comfort. The temperature level can be the optimal, and
still people may complain. This situation is often explained by the problem of local discomfort. Local discomfort
can be caused by radiant asymmetry, local air velocities, too warm and too cold floor temperature and vertical
temperature difference. This temperature difference may generate thermal discomfort due to different thermal
sensation in different body parts. Therefore, thermal comfort can not be correctly evaluated without considering
these differences. This study investigates thermal discomfort sensations of different body parts and its effect on
overall thermal sensation and comfort in air-heating room. Experimental results of evaluating thermal discomfort
at different body parts in an air-heating room showed that thermal sensation on the shoulder was significantly
related to the overall thermal sensation and discomfort. Although it is known that cool-head, warm-foot
condition is good for comfort living, cool temperature around the head generated discomfort
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Fig. 1. Experimental setup for the experiment. At} HRV(A B Wo| Eheart rate variability) #
Table 1. Experimental setting conditions
A Temp. 93 [1] 2 [T] 21 [T 17 [T 20 (€] 23 [C]
A3 [T] 20T 22T 24T 20T 23C 26T
A6 [T] 17T 19C 21T 23T 26C 29C
“Temperature at 1.1m high from floor.
** Temperature at 0.lm high from floor.
Table 2. Data of subjects
Subjects Num. of Subjects Age Height[cm] Weightlkg] Body Area’lm?
Female 6 22.3:05™ 164.4+39 56.1£7.1 16 +0.10
Male 6 22.8+2.8 176.7+54 71.0£9.6 1.86x0.11

*Takahira’s Equation: A =71.46 x W% x g0
*Mean * SD.
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Comfort Sensation Vote
0 1 2 3
Comfortable Slightly uncomfortable Uncomfortable Very uncomfortable
Thermal Sensation Vote
-3 -2 -1 0 1 2 3
Cold Cool Slightly cool Neutral Slightly warm Warm Hot

Fig. 2. Voting scales.
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Fig. 3. Flow chart of HRV analysis.
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Fig. 5. Comfort Sensation Vote to various thermal
conditions.

Fig. 4. HRV spectrum from ECG signal.
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Fig. 6. Thermal Sensation Vote to various thermal con-
ditions
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Fig. 7. Shoulder and foot parts of local thermal sensation vote.

Table 3. Relationships between thermal sensations on local body parts and TSV/CSV

Thermal conditons AT face shoulder knee foot
Head: 23°C / Foot: 20C | 3 ESX — = ~ .
Head: 23°C / Foot: 17C | 6 ggz - - . -
Head: 25 / Foot: 22C | 3 ggz - - - -
Head: 25°C / Foot: 19T 6 gg — - - -
Head: 27C / Foot: 24C | 3 ggz — - - -

. . . .
Head: 27C / Foot: 21T | 6 g;\; - 5 = .
Foot: 20C / Head: 17C 3 F(I)‘gz// : I : :
Foot: 23C / Head: 17T 6 F(I;‘;\; : : i i
Foot: 23T / Head: 20T 3 ’(I;SX : : i :
Foot: 26C / Head: 20C | 6 ggg — - - -
Foot: 26C / Head: 23C | 3 g;\; - - - -
Foot: 29T / Head: 23C | 6 gg’x - - - .

x. p-value = 0.05 ~:Not Significant
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Fig. 8. Thermal discomfort rate to vertical temper-
ature difference.
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Table 4. Discomfort rate
Thermal conditions Not response | Upper warm Upper cool | Lower warm | Lower cool
Head: 23T / Foot: 20T 170 11.3 11.3 - 60.4
Head: 23T / Foot' 17T 22.2 16.7 5.6 - 55.5
Head: 25T / Foot: 22 56.0 18.0 8.0 - 189
Head: 25C / Foot: 19C 63.8 6.4 - - 29.8
Head: 27C / Foot: 24T 51.9 | 308 - 135 38
Head: 27C / Foot: 21T 62.5 27.1 - - 104
Foot: 20C / Head: 17T 59 - 74.6 45 14.9
Foot: 23 / Head: 17C 9.5 ~ 80.6 - 254
Foot: 23C / Head: 20C 8.2 - 475 - 44.3
Foot: 26°C / Head: 20C 23.8 - 555 - 20.6
Foot: 26°C / Head: 23T 86.7 ~ 2.2 - 11.1
Foot: 29T / Head: 23T 52.0 14.0 6.0 26.0 2.0
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