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ABSTRACT

In recent years highly glazed spaces and atrium
buildings are seen as a sign of advanced technology.
An atrium is the social center of a building where
people gather for social activities and also is a
significant element of passive building systems when
well designed to provide user requirements.

The study aims to accomplish a thermal performance
simulation of an atrium building by specifying a
prototype model of an office building in Istanbul.
With the help of building simulation tools -
EnergyPlus (Version 1.2.3), FLUENT (Version
6.2.16)- total energy consumption and air
stratification of the atrium building is performed.

INTRODUCTION

After 1970’s having a common use in modern
architecture, the atrium performs impressive spaces,
revives the indoor space by admitting natural light,
maximizes the benefit from direct solar gain,
maintains solutions to the problems of natural
ventilation and acclimatization, increases interaction
and socialization of the people (Bryn 1993; Bednar
1986; Saxon 1986). While providing circulation and
communication between stories, atrium forms
comfortable buffer zones between indoor and
outdoor environment. It acts as a filter of undesirable
effects of outdoor environment factors such as rain,
snow or wind etc., and retains the desirable effects of
outdoor such as sunshine, fresh air and visual
circumstances. In addition, atrium is also reported to
increase the marketing values of many buildings,
beside their psychological and physiological effects
on increasing the moral of people and exposure to
daylight (Laoudi et al 2002).

Despite these advantages of the atrium, some
disadvantages cause high energy consumption like,
excessive solar heat gain in summer, heat loss from
largely glazing surfaces and also air stratification
affect thermal comfort and performance of atrium.

Energy saving strategies of atrium can be listed as;
providing natural light into occupied spaces, being a
buffer zone between indoor and outdoor
environment, natural ventilation with the help of
stack effect. Natural lighting reduces electrical
lighting and also cooling energy consumption caused

by lighting equipments. Atrium’s buffer zone
potential decreases energy transfer from building
surfaces to the outdoor environment. By stack effect,
atrium and adjacent occupied zones can be ventilated
naturally without any of air conditioning system.

The atrium is known to be subject to significant air
stratification due to its large size and high solar gains
through its fenestration, particularly in summer.
Prediction of energy consumption and thermal
performance of an atrium building is very difficult
because of these complex thermal phenomena.
Energy simulation programs developed for traditional
buildings do not give accurate and realistic results in
atrium buildings. Therefore estimation of air
stratification and air flow patterns in atrium buildings
require accurate and detailed modelling techniques
(Laouadi et al 1999; 2002). Computational fluid
dynamic models (CFD) require more time and
powerful hardware to predict air stratification and air
flow.

METHODOLOGY

This paper analyses the use of multiple building
performance simulation tools for evaluating energy
consumption, complex temperature stratification and
air flow in an atrium building. The types of building
performance simulation tools used include:
EnergyPlus, Window5, COMIS and FLUENT.

Simulation Tools

In proposed simulation approach, building energy
simulation program EnergyPlus and computational
fluid dynamic program FLUENT were used to
evaluate an accurate and realistic thermal
performance of the atrium building. EnergyPlus is a
new generation of building energy simulation
software developed by the U.S. Department of
Energy. Like other whole-building simulation
programs EnergyPlus simulates building energy
flows based on an input file containing a detailed
description of building construction, HVAC systems
and their controls. EnergyPlus calculates total
(lighting, cooling and heating) energy use of office
building. Direct solar heat gain through atrium glazed
roof, thermal effect of transmitted sunlight on
adjacent spaces can be calculated by specifying solar
distribution systems. Air flow pattern can be
calculated with an integrated COMIS air flow model.
However, EnergyPlus does not take into account air


























