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ABSTRACT

A Study on the Improvement of Air Conditioning System
for Thermal Comfort and Energy Conservation
in a Middle-Sized Auditorium

Kim, Yoon-Il

Department of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon-Ku, Ph.D.

As the standard of living has improved in Korea, the number of
auditoriums such as theaters, assembly halls, and concert halls is increasing.
Auditoriums are generally large, and usually have a high density of
occupancy per unit floor area, compared to other buildings, and thus have a
relatively low design sensible heat ratio. Since they have relatively high
ceilings, some heat may stratify above the occupied zone. Recently, under
floor air conditioning system, which is set under seats, is frequently selected
in an auditorium, because typical air conditioning system where air is
supplied from ceilings often causes drafts and unequal temperature

distribution.

Features and problems of air conditioning system of an auditorium which
has about 500 seats are investigated as a case study. In addition, indoor
thermal comfort and cooling energy consumption are analyzed with a CFD
program and an energy analysis program. The result of this study can be

summarized as follows.
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1. Indoor thermal environment analysis

1) In case of a typical air conditioning system, conditioned air supplied
from a ceiling passes the occupied zone and returns through grilles set in
front of a stage. On the other hand, for an under—floor air conditioning
system, conditioned air supplied from under—floor passes the occupied zone

and returns to a ceiling.

2) For the existing ceiling supply system, it was found that air velocities
were 0.3~2.1m/s in the occupied zone, which may cause offensive drafts.
For the under—floor supply system, air velocities were 0.1~0.35m/s, which

is in the comfortable range for occupants.

3) The average temperature was 234°C in the occupied zone for the
existing ceiling supply system, while it was 23.2C for the under—floor
supply system. When the air flow was decreased by 20% the under—floor
supply system, the average temperature was 25.2°C in the occupied zone.
Therefore, it was possible to reduce the volume of the conditioned air by
20%. For the ceiling supply system, the downward flow through nozzles

may cause unequal temperature distribution.

2. Cooling energy analysis

1) When the under—floor system was compared to the typical ceiling
system, the cooling capacity was decreased by 16.8%. However, total air

flow was increased by 32.0%, and cooling energy was increased by 2.7%.

2) When the under—floor system for which the air flow was decreased by
20% was compared to the typical ceiling system, cooling capacity was

decreased by 28.7%, and cooling energy was decreased by 3.4%.

In conclusion, it is possible to maintain thermal comfort in the occupied
zone and to save energy, if the under-floor air conditioning system for
which the air flow i1s decreased by 20% 1is used in a middle-sized

auditorium.
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