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Abstract

In recent years, there has been a great deal of interest in double-skin facades due to the advantages claimed for this technology in
terms of energy saving in the cold season, protection from external noise and wind loads and their high-tech image.

The advent of computers and other office equipment has increased the internal heat gains in most offices. Highly glazed facades,
together with the extra heat gains from the electric lighting made necessary by deep floor plans and the wider use of false ceilings, have
increased the risk of overheating. To preserve comfort and reduce cooling loads, it is important to apply natural cooling strategies,

including natural ventilation.

Some argue that double-skin facades are designed to improve natural ventilation in buildings by the stack effect, and to allow this even
in situation in which it is generally not possible due to high outdoor noise levels and/or high wind speeds.

But poor operation of the double-skin facade openings can generate disastrous scenarios such as the injection of hot air from the
double-skin facade into the offices and the contamination of offices on the upper floors by used air from the offices on the lower floors.

This article examines how natural ventilation can be utilised in an office building with a double-skin facade during a sunny summer’s day.
It mainly considers natural daytime ventilation in relation to the orientation of the double skin and the speed and direction of the wind.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The double-skin facade is an architectural phenomenon
driven by an aesthetic desire for an all-glass facade.

Transparency is often seen as the main architectural rea-
son for a double-skin facade, because it allows close con-
tact with the surroundings. From the client’s point of
view, physical transparency may appear to indicate a trans-
parent organisation with a large degree of openness (Hen-
driksen et al., 2000).
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This “emerging technology” of heavily glazed facades is
also often associated with buildings whose design goals
include energy efficiency, sustainability, and a ‘“‘green”
image.

So there has been an increase in the numbers of this type
of building. The success of these facades also lies in the fact
that they admit a large amount of daylight, exhibit a uni-
form exterior, and have attractive aesthetics.

The costs of double-skin facades are higher than those
of normal facades, but claims of energy and productivity
savings are used to justify some of these increased costs
(Poirazis, 2004).

The advent of computers and other electric office equip-
ment has increased the internal heat gain in most offices.
Highly glazed facades, often with poor shading, have
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become very common. This, together with the extra heat
gain from the electric lighting made necessary by deep floor
plans, and the widespread use of false ceilings, has increased
the risk of overheating (Gratia and De Herde, 2003).

In the 1990s, concern about global warming resulted in a
resurgence of interest in naturally ventilated offices (Allard,
1998; Liddament, 1996; Dickson, 1998).

There is also an increasing demand for high-quality office
buildings. The occupants and developers of office buildings
require healthy and stimulating working environments
(Rennie and Parand, 1998). This is usually provided by an
air conditioning system. But in many cases, with some effort
to reduce internal heat gain (solar protection and well cho-
sen equipment), natural ventilation may be sufficient to
ensure good comfort levels for the buildings’ occupants.

In that case, air conditioning system will not be neces-
sary, which will result in considerable energy and cost sav-
ings. It will also indirectly reduce the burden on the
environment, since the use of energy is always associated
with the production of waste materials (Wong et al., 2003).

Some aspects of comfort are even improved by the use
of natural ventilation:

e In a mechanically ventilated building, air movement is
likely to be associated with noise while, in a quiet envi-
ronment, natural ventilation is silent.

e Most people appreciate having windows they can open
for natural ventilation (Aggerholm, 2002). Moreover,
studies of sick building syndrome (SBS) have indicated
that perception of greater control over ventilation, light-
ing and temperature is associated with decreased preva-
lence of symptoms. In many recreational and public
buildings users do not expect to have control over the
environment, but office workers are likely to demand a
high degree of control. If this is not available, they feel
“uncomfortable’” and suffer real “‘sickness” symptoms
even when the comfort conditions are apparently within
accepted limits (Allard, 1998; Liddament, 1996).

The Belgian climate is particularly well adapted to cool-
ing by natural ventilation. Indeed, except for a few days a
year, the outdoor air temperature is lower than the indoor
temperature not only during the night, but also during the
day. Therefore most of the time opening a window is enough
to cool the building (Gratia and De Herde, 2002, 2003).

One of the advantages cited by the defenders of double-
skin facades is that this method of construction allows nat-
ural ventilation to be used to improve indoor air quality
without the acoustic and security constraints of naturally-
ventilated single-skin facades.

Double-skin facades are assuming an ever-greater
importance in modern building practice. They are already
a common feature in architectural competitions in Europe;
but there are still relatively few buildings in which they
have actually been used, and there is too little information
on their behaviour in operation (Zollner et al., 2002;
Zalewski et al., 2002).

There are many unknowns: optical and thermal model-
ling of these systems is not routine and coupling heat trans-
fer and air flows from an isolated facade system to the
whole building is complex. A variety of thermal coupling
strategies must be simulated (Gratia and De Herde, 2004a).

Moreover, although subjective claims abound in the
architectural literature, it is extremely difficult to find any
objective data on the actual performance of buildings with
double-skin facades.

So it is important to verify whether natural ventilation is
in fact possible when the building is equipped with a double
skin. Faulty operation of the double-skin facade could gen-
erate catastrophic scenarios such as the injection of hot air
from the double skin into the offices, or contamination of
the offices on the upper floors with polluted air from offices
on the lower floors (Gratia and De Herde, 2004b,c¢).

To improve the stack effect in the double skin, some
authors have suggested adding a thermal storage space
called a solar chimney above the double-skin space.
Reduced-scale-model experiments and computational
fluid-dynamic analyses have been carried out to evaluate
the performance of the natural ventilation in the prototype
building (Ding et al., 2005). This system improved the
chimney effect of the double skin but necessitated a chim-
ney reaching at least 11 m above the building, which is a
significant aesthetic constraint.

This article examines how natural ventilation can be
provided during a sunny summer day in an office building
with a double-skin facade. It concentrates on the possibility
of natural ventilation during the daytime in relation to the
orientation of the double skin and the speed and orienta-
tion of the wind.

To undertake the study, we chose an office building with
a high level of thermal insulation. With the thermal pro-
gram TAS we simulated various features of the double
skin. The research will help us to understand how the dou-
ble skin operates.

Many studies have already simulated the behaviour of
double-skin facades (Balocco, 2002; Pasquay, 2001; Mei
et al., 2003; Manz, 2003; Von Grabe, 2002). This research
is only one step in the search for a better understanding, in
a qualitative way, of the thermal behaviour of one particu-
lar type of double skin.

Architectural design guidelines would help architects
and owners achieve a better understanding of the applica-
bility of various concepts to their specific building projects.

2. Method
2.1. TAS program

TAS is a software package for the thermal analysis of
buildings. It includes a 3D modeller, a thermal/energy
analysis module, a systems/controls simulator and a 2D
CFD package. There are also CAD links into the 3D mod-
eller as well as report generation facilities. It is a complete
solution for the thermal simulation of a building, and a
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