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Evaluation of Thermal Comfort in Ceiling Cooling System
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ABSTRACT: The purpose of this study was to clarify the effects of air and ceiling tem-
peratures on a type of ceiling cooling system that involves cool water circulation. The expe-
riment is conducted in summer. The subjects (11 young females) are exposed to the following
conditions : combinations of air temperatures (27 C, 29 C, 31 C) and ceiling temperature of
(22.7°C, 2377TC, 247 C) in still air and RH 50%. The following results were obtained ; the
thermal sensation vote is neutral at a mean skin temperature of 34.5 C. The ceiling tem-—
perature affected different parts of the body. For example, the forehead, scapula and abdomen
produced different skin temperatures. Thermal comfort vote was rated as comfortable at high
temperature environment. The satisfaction from the ceiling temperature was valued comfor—
table zone in this experiment. Mean skin temperature showing higher thermal neutrality tem-
perature than existing studies for floor and wall radiation cooling results.
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hc ! convective heat transfer coefficient

hr : radiative heat transfer coefficient

Ta I air temperature

MRT ! Mean Radiant Tempertaure

Foy : angle factor between person (s)
and surface i

Ty * surface temperature of surface I
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Table 1 Conditions of experiment

Air |Ceiling | Water | Globe | Relative Air
Temp. | Temp. | Temp. | Temp. | Humidity | Velocity
[tc] [l [T] [l [9%] [m/s]
21°C |227C|15C |264°TC
less

20T |237C|15TC |285TC 50% than
31T [247TC | 15C |297°C 0.1
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Table 2 Physical condition and characteristics
of subjects

Age. |Height |Weight| As BMI
(yr) | (cm) | (kg) (m) | (kg/nt)

AVG | 231 | 1582 | 498 1.50 199
STD | £1.89 | #4770 | +4.17 | +0.07 | £1.60

subject
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Mean Skin Temperature (3)
= {(Ttorchead X 7) + (Tupper chest % 35/4)
+ (Tscapula X 35/4) + (Tabdomen * 35/4)
+ (Tiower back X 35/4) + (Ttorearm x 14)
+ (Thack of hand X 5)+ (Tthighta) X 19/2)
+ (Twighty *x 19/2) + (Tear x 13/2)
+ (Tshin x 13/2) + (Tinstep X 7)} x 100
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Fig. 3 Changes in skin temperature with air
and ceiling temperature.
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Fig. 4 Relation between upper body skin
temperature and thermal sensation
vote.
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Fig. 6 Relation between mean skin tempe—
rature and thermal sensation/thermal
comfort vote.
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