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Abstract

Consideration of energy efficient design strategies has become one of the primary
considerations by leading architectural firms during the conceptual design phases and is an
essential element for sustainable design. Architects are realizing that consideration of natural
ventilation at the concept design phase enables an effective natural ventilation strategy without
compromising the elegance of the design or function.

This paper discusses how design approaches for high-rise residential towers can consider the
influence of the local climate on the design approach taken for a development, including
orientation of apartments and openings, internal layouts and thermal comfort of occupants. The
case studies presented are based on the Greenland Centre, located in the Sydney CBD, which
will be the tallest residential tower in the Sydney CBD, and the Aspire Tower development which
will be the tallest tower in Australia and the Southern Hemisphere once complete. These two
case studies provide alternative approaches to harnessing the local climate to provide natural
ventilation for the occupants, while providing comfortable communal and private spaces.

Keywords: Wind Tunnel Testing, Natural Ventilation, Innovative Design
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Introduction

The design direction and considerations for
current and future high-rise developments
are increasingly molded by the sustainable
viability of their design. The success of a
project is now not purely measured by it's
scale or height, but by the efficiency of the
overall design and the impact it has on the
environment (Jin et al, 2013). This changing
focus is due to the increased negative stigma
associated with wasteful and incoherent
projects with respect to environmental
concerns. While there is an also considerable
benefit for both the environment and the
end client/user associated with a sustainable
design, including decreased operating

costs and higher asset value (Jin et al, 2013,
SmartMarket Report 2013). Sustainable
high-rise designs are not only being driven
by social reflectance, but also governmental
regulations/restrictions as well as the end

clients own input (SmartMarket Report 2013).

Power consumption limits are now being
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imposed on new development sites to encourage more attention

on sustainable energy usage, while the increased financial return
associated with efficient building design and the impact on occupant
health and performance is widely published (Brager, 2013).

One of the focal areas for sustainable development has been to
design the structure in such a way that captures and harness the
local environment, namely the sun, wind, temperature and locality.
This paper looks into the design development of residential high-rise
structures to reduce the reliance on mechanical ventilation through
the harness of the local climate for natural ventilation. This is only
one piece of the design puzzle to consider for the local climate of a
project. Two current high-rise case studies have been investigated
as to how natural ventilation has been integrated as a design feature
for the overall project. Each case study answers the question of

how to provide adequate natural ventilation from different design
direction, highlighting that designing for the local environment
creates opportunities and not limitations when considered early and
thoughtfully, with appropriate party’s involvement.

Natural Ventilation Design

Natural ventilation has been considered in the design of buildings for
centuries. This ranged from the location of settlements adjacent to
water bodies and taking advantage of the cooling sea breezes. Through
to the architectural features such as the badger, a multi-directional

wind catcher design developed in the Persia and Gulf regions, with

the inclusion of porous clay pots used to help humidify and cool the
incoming air as it enters the building. The traditional ventilation design
considered the development holistically, from the locality of the building
through to the how the building’s form interacts with its surroundings.

Advancement of technology due to industrial development,

including the introduction of mechanical ventilation, seemed to erase
centuries from our intuitive design basis. The primary focus shifted

to being purely centered on the efficiency and profit generated by

a project, with little to no concern for the sustainability or impact on
the environment by the development. This approach was aimed at
providing a utopian world of a near perfectly controllable environment
for occupants, however shifting away from the sustainable holistic
approach. Building designs were aimed at maximizing the net leasable
area for the owner (Langdon and Kalita, 2006), while internal layout
structures were driven by the workers usage type, collaborative or
isolated work and level of autonomy of the worker (Shpuza, 2006).

Society slowly separated the consideration of the design of a building
from its locality, with the concept that an identical building design
could essentially be constructed at numerous locations around the
world. This issue of focusing purely on the building’s architectural form,
without its sense of place was highlighted by Kent (2012) who stated
that buildings such as 41 Cooper Square in New York City and the
Central Library in Seattle, while impressive buildings in their own right,
did not relate to the surroundings in which they were located.

Some recent project trends however have been incorporating

natural ventilation as a design feature for the project, highlighting the
ecological features of the development. This includes such buildings
as the Mode-Gakuen Spiral Towers in Japan (Flahiff 2009), the Post
Tower in Germany, Manitoba Hydro Place in Canada and 1 Bligh Street
in Sydney (Wood and Salib 2013). These buildings have incorporated
into the architecture, provisions to capture the prevailing winds and/
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or take advantage of thermal driven stack effect to generate internal
ventilation. These provisions include large internal atriums, external
fin features and orientation of the buildings form to capture and take
advantage of the local climate.

Criteria

Natural ventilation performance requirements for most developments
are either not governed by any regulations, or are generally subjective
instead of objective in nature. These aspects however have

gradually changed with the introduction of sustainability policies by
governmental departments. For the two case studies considered in this
paper, located within the state of New South Wales in Australia, there are
State Government regulations for residential development to achieve
natural ventilation, as outlined within the Residential Flat Design Code
(Planning NSW, 2002). These requirements are aimed at providing direct
access to fresh air and promoting thermal comfort for the occupants

of new apartments. The requirements outline that at least 60% of

the various residential apartments should ensure the living spaces

have access to natural cross ventilation, outlined as apartments with
openings located on opposite or adjacent aspects (openings located in
different pressure regions), to reduce reliance on mechanical ventilation.

A detailed assessment of various natural ventilation criteria was
previously undertaken by Peddie and Rofail (2011, 2013) which was
based on various international standards for a range of wind climates.
These criteria highlighted the need to consider both the air quality
and thermal comfort parameters provided by natural ventilation for
the system to be an effective alternative to mechanical ventilation. It
was noted that around 2 air changes of the room'’s volume per hour is
typically deemed to be required from an air quality perspective, and

a 50-percentile internal flow velocity of 0.4m/s is required to generate
a notable cooling sensation for the occupant and be an effective
alternative to mechanical ventilation.

Methodology

Natural ventilation through an internal space is driven by the
simultaneous pressures at the external openings as well as any

internal restrictions along the flow path within the volume. Accurate
measurement of the external pressures at the external openings which
also takes into account the effects of the surrounding buildings is
therefore required.

For rooms with multiple openings, as for the case studies considered

for this paper, the ventilation flow rate (m3/s) is dependent on the
pressures at the various openings to the internal volume (apartment).
The flow rate through an external opening is governed by the pressure
differential between the internal volume and the opening location, with
the internal pressure driven by the weighted pressures of the various
external openings. The flow rate through a typical internal area along
the flow path (eg. a door or corridor sectional area) where an occupant
would be located can be obtained in this case by simultaneously
equating the flow rates at the various associated volume openings
(Allard, 2002), while ensuring continuity of mass flow is maintained. The
internal flow rate through an apartment is the appropriate measured
quantity as this directly reflects the internal air quality due to external air
exchange and thermal comfort created by internal air velocity. Windtech
have also undertaken full-scale testing to ascertain the reliability of this
wind tunnel modelling and analysis technique to verify the natural
ventilation performance of typical residential apartments (Peddie and
Rofail 2011). The natural ventilation through the apartment was also
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considered for 16 wind directions as part of this analysis, with the effect
of the local wind climate, including wind speed and probability of
occurrence accounted for.

Q =A1C 2(pl_pi)
1 dy 1 P

2.Q, =0

PI mean pressure at Opening 1

Pi’ mean internal pressure of volume

Cd discharge coefficient of the opening

A openable area of the opening (m?)

Q mass flow rate along the flow path through opening 1 (m?/s)
P airdensity (kg/m?)

For the Greenland Centre case study, a hybrid CFD and wind tunnel
modelling technique was used to provide visual understanding of the
internal flow paths of the apartments, as well as detail flow patterns
and smoke concentration levels from proposed barbeque locations

on private balcony areas. The direct pressure measurements obtained
from the wind tunnel study were used as boundary inputs for the CFD
model to ensure that the effects on the wind pressures at the openings
caused by the surrounding buildings were accurately accounted for.

Case Studies

Natural ventilation design is not something that should be viewed as a
potential constraint on the design potential of the structure, but instead
used as a design inspiration for the project as mentioned previously.

The two case studies considered are both residential tower located

in Australia. The proposed Greenland Centre development, located

at 115 Bathurst Street is situated within the Sydney CBD, while the
Aspire Tower is part of the Parramatta Square redevelopment precinct
located in western Sydney.

Greenland Centre, 115 Bathurst Street, Sydney

The Greenland Centre is a 235m high residential tower development
and will be the tallest residential building within the Sydney CBD, when
completed. The development, designed by BVN Architects and Woods
Bagot, consists of a tower extension above the existing 25 level Sydney
Water Board office building. Residential apartment will be proposed

on all aspects of the development, with the main view points to the
north, east and west. Figure 1 shows the 1:300 scale model of the
development within Windtech’s wind tunnel facility.

Windtech Consultants were involved with providing input on the wind
effects on this development from the early concept design stages.
This enabled the key factors which would impact the development to
be highlighted in the context of its location within the Sydney CBD.
Early involvement by the wind engineering consultant for high-rise
structures enable potential design considerations to be incorporated
into the design, instead of creating a forced adaption to enable
compliance with regulatory requirements outlined previously.

Due to the layout of the subject site and apartment sizing desires
from potential clientele, the floor plan design of the building lead
to the inclusion of four main corner apartments, with single aspect
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Figure 1. Greenland Centre, 115 Bathurst Street, Sydney. (Source: Windtech Consultants)
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apartments located along the northern and southern aspects. In theory
from a regulatory planning perspective, this would results in insufficient
number of apartments satisfying for natural ventilation performance.
Furthermore, it was desired to include “Sydney” wintergardens, as
shown in Figure 2, to provide suitably calm conditions for the proposed
private balcony areas through the height of the tower. This feature is
aimed at reducing wind conditions, which is contradictory in nature to
providing desired airflow for ventilation. In-principle consultation with
the client and architects highlighted the potential for the development
to achieve both the desired conditions for comfort and ventilation.

This included addressing the prevailing winds for Sydney, impact of

the adjacent surrounding buildings on the potential for ventilation and
utilization of architectural features, including blade walls and location of
openings for the “Sydney” wintergardens.

To accurately account for the effects of the surrounding buildings as

well as the “Sydney “ wintergarden design on the potential for natural
ventilation of the apartments, detailed wind tunnel modelling was carried
out by Windtech. The modelling included taking into account the effect
of the secondary wintergarden volume on the flow through the rest of
the apartment. Additional allowance was included for ventilation ducting
to architectural recesses in the buildings form. The effect of the location
and size of external openings on the ventilation performance was able to
be verified by undertaking the detailed wind tunnel modelling.

Due to the intrinsic nature of the “Sydney”wintergarden design, a
hybrid Computational Fluid Dynamics (CFD) and wind tunnel study
was undertaken to verify the internal flow patterns of the residential
apartments which utilized these wintergardens as part of their design.
The study utilized the simultaneous pressure measurements at the

various opening location obtain from the wind tunnel study, as boundary
conditions at the openings to the apartment for the CFD model. The CFD

model, as shown in Figure 3, agreed with the calculations made purely
utilizing wind tunnel analysis for the expected internal flow speeds and
air changes. The CFD model also enabled a further visual understanding
of the flow patterns associated with the wintergarden.

Utilizing the wind tunnel results ensured that the effects of the
surrounding buildings on the wind pressures at the openings were
accurately accounted for. CFD modelling is ideal where boundary
conditions can be accurately defined, however highly turbulent
boundary layer wind flows would not have been accurately accounted.
Additional modelling was also carried out to provide an understanding
of the wind driven rain through the wintergarden openings and
utilization of the space by the occupants. The infiltration of smoke from
the barbeque based on the location within the wintergarden space
was also assessed and considered the concentration of smoke levels
and its associated movement through the apartment.

Aspire Tower, Parramatta

The Aspire Tower is a residential and hotel building located within the
Parramatta Square development precinct, within western Sydney. At
336m, the Grimshaw designed Aspire Tower will become the tallest
in Australia and the Southern Hemisphere once complete. The design
consists of an eastern and western wing which rotates with height,
narrowing to the northern aspect while opening to the south.

The local wind climate for the Sydney region is governed by the
north-easterly and southerly winds during the warmer months of the
year when natural ventilation of an apartment would be applicable
for its location. During the winter months, when the westerly winds
are prevalent the temperature falls below that which would be

Figure 2.“Sydney”Wintergarden. (Source: BVN Architects)
E2 " REp (RIR: ERRAEA TR LGN )

Figure 3. CFD Model of the internal Flow of the “Sydney” wintergardens. (Source:
Windtech Consultants)
E3. CFD W' B RAZ 0" W # i &% 2! Gk J&: Windtech Consultants)
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deemed suitable by occupants. Through development between the
architect, client and Windtech, consideration of this local climate
was incorporated into the design of the tower. The design concept
consisted of 14 large internal 6 level height atriums with openings to
the northern and southern aspects.

These internal atrium spaces provided 14 separate communal spaces
throughout the height of the tower, while also providing a pressure
differential flow path for the various residential apartments on each
level of the development. By opening the internal atrium space to

the prevailing winds enabled a positive pressure to be generated
within the internal atrium spaces. The private balcony openings for

the residential apartments, located along the eastern and western
aspect, were in turn located in either negative or less positive pressure
regions due to the flow mechanism around the tower’s form. To enable
a quantitative assessment of the natural ventilation potential for this
arrangement, Windtech undertook detailed wind tunnel modelling for
the development. This assessment enabled an accurate measurement
of the pressure driven flow between the internal atrium and private
balcony areas of the apartments. Furthermore, the analysis technique
also considered the effect of the flow potential due to the external
apartment openings being situated in parallel. This design also ensures
that there are no odor issues with the inclusion of one-way louvers. This
ensured the supply air was fed to the various apartments via the central
atrium, with the balcony doors become the exhaust locations of the
flow. An acoustic detail was developed to ensure adequate attenuation
of noise across the intake to the apartment from the atrium space.

By developing the design of this tower in consideration for the
prevailing winds for the local climate, the design was able to take
advantage and utilize this as a design feature, rotating and opening
to provide ventilation within the internal spaces. This account for the
local climate enabled the potential for solar access to the various
apartments to also be enhanced, reducing reliance on artificial lighting.
Narrowing of the tower aspects to the predominate wind directions
also assisted in reducing the design winds loads on the structure.
Desktop assessment while suitable for simple exposed developments
or early conceptual design phases, are not appropriate for more
complex situations such as within built up areas or complex building
forms / ventilation systems such as these case studies.

Conclusion

The design of our current and future high-rise developments should take
into consideration not only the local culture, but the local climate of the
subject development as design incentives from the conceptual stage.

By considering how the local environment can influence the projects
performance at an early stage, with the input of respective specialist
consultants, the solution becomes part of the buildings expression
instead of being viewed as last minute revision to achieve compliance.
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Figure 4. Aspire Tower, Parramatta. (Source: Windtech Consultants)
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Figure 5. Internal Flow Paths for the Prevailing Winds. (Source: Windtech Consultants)
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It has been highlighted that the considerations for natural ventilation
to improve a projects sustainability objective need not be limited by
a tunnel vision approach. It has been shown through the case studies
discussed in this paper that with initial planning and verification
through detailed modelling, conditions can be provided for the
occupants which exceed design requirements while enhancing the
experience for the user. It has been noted that modelling to verify the
performance of innovative designs for natural ventilation should be
undertaken through proper wind tunnel modelling techniques which
have been verified in the field post occupation. Windtech's extensive
research in the field of natural ventilation has shown that designing for
natural ventilation can be not only effective, but can reliably confirm
and ensure the effectiveness of innovative architectural design forms
that aim to achieve exceptional natural ventilation.
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