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the Rotunda at New National Museum of Korea
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ABSTRACT: In order to improve thermal comfort in the Rotunda, which is high and wide
visiting space of the new national museum of Korea, eight ventilating fans were installed near
the ceiling of Rotunda. It has been analyzed thermal comfort of Rotunda with/without venti-
lating fans by numerical simulation. To evaluate thermal comfort of the Rotunda, well-known
indices, PMV and PPD were introduced. The results of present investigation show that tem-
perature distribution of the case with fans is closer to target temperature than the case with-
out fans at the breathing zone. In the case without fans, thermal stratification with 16°C of
temperature difference occurs along the height of the Rotunda which makes the thermal envi-
ronment worse and the PPD values reach up to 50% in the 6th floor connection passage. In
the case with fans, however, the vertical temperature difference were reduced to 9C and the
PPD values were lower below 20%. Consequently, the ventilating fans adopted on this study
are effectively used for improving the thermal comfort in large space structure with thermal
stratification.

Key words: Thermal comfort(2 @2 %), Predicted mean vote(PMV, o42d7), Predicted
percentage of dissatisfied(PPD, of/+&%Z &), Thermal stratification(g4 & 3})
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Table 1 Engineering data to estimate PMV

Parameter Values
Metabolic rate 1.2 met
Clothing value 05clo

Relative humidity 50%
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Fig. 1 Schematic diagram of the Rotunda.
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Table 2 Cooling load in the rotunda (unit: kW)

Location Cooling loads
Inner roof 7.07
Glass sidewall (by conduction) 17.33
Glass sidewall (by radiation) 91.14
Floor 8.79
Lighting equipments 34.38
Sensible heat gain by the gallery 8.62
Total 167.33
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Table 3 Boundary conditions for present study

Location Conditions
Roof u=v=w=0, ¢=309W/m’
Glass sidewall w=v=w=0, ¢=11.0 W/m®
Floor u=v=w=0, ¢=59.6 W/m®
Passages % = % = % =0, gz‘ =0
Supply nozzle V,=66m/s, T=18T
Ventilating fan Vot =17.5 m/s (3000 CMH)
Southern exhaust V,=-162m/s, T=26TC
Western exhaust V,=—-1875m/s, T=26C

Entrance u=v=w=0, ¢g=0
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(a) Without ventilating fans
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(b) With ventilating fans

Fig. 2 Distributions of velocity vectors at breathing zone of the Rotunda.
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Fig. 3 Distributions of velocity vectors at vertical plane of the Rotunda.



(a) Without ventilating fans
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(b) With ventilating fans

Fig. 4 Distributions of temperature at breathing zone of the Rotunda (unit: C).
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Fig. 5 Distributions of temperature
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at vertical plane of the Rotunda (unit: C).
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Fig. 6 Distributions of PMV at vertical plane of the Rotunda.
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Fig. 7 Distributions of PPD value at vertical plane of the Rotunda (unit: 9).
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