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the general decrease in wind velocity and high heat exhausted from 
excessive amounts of mechanical systems that gets trapped [7].

Therefore, having the proposed naturally ventilated office building 
sited in the CBD aims to better improve the quality of air movement 
in the area, and hopes to set an example of how office buildings in the 
tropics should be.

Designing a tower block in CBD, the issues to consider can be 
broken down into three regions based on altitude. The lower region of 
the tower, marked at 0 to 50 meters above ground, entail issues such as 
noise and air pollution caused by vehicular traffic at street level. Also, 
lower wind speeds causing higher humidity build up can create a rather 
uncomfortable environment for occupants.

The middle and higher region of the tower faces relatively similar 
issues, and these at regions 50 meters and above from street level. 
These regions enjoy better wind speeds, thus lower humidity levels and 
better air quality; also, there is usually adequate day-lighting with lesser 
overshadowing by neighbouring blocks at these levels.

The minute differences in temperature between optimal internal 
temperatures for human comfort also call for concern when it comes 
to designing with the natural environment. For this reason, solar heat 
gain on the building facade needs to be carefully controlled.

Although shading devices are important to be used, they should 
be carefully placed so as not to block wind and ventilation access. 
Although day and night temperatures typically do not vary greatly, 
night time ventilation can still be strategically applied to remove some 
daytime heat gain.

Spatial configuration: Since the introduction of vertically  with mo
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Strategies can be used in the tropical context to accelerate airflow 
at pedestrian level by creating “air tunnels” which acts as funnels that 
encourages increased airflow for the comforts of pedestrians. Being site 
responsive is also vital when design new developments, and ensuring 
that the development does not obstruct or direct wind away from low 
lying NV spaces, such as food centers, can be simulated using CFD.

Optimized form generation: With scStream’s function of the 
“multi-block”, data from the urban simulation can be carried forward 
to be used when designing at a single block scale. With this capability, 
results can be more accurate without the need to manually re-enter the 
micro-climatic data of a single block. Hence, at the schematic design 
level, an integrated workflow is introduced to better illustrate the 
methodology to NV optimized form generation using CFD simulations 
tool, (Figure 5).

First, a 3D model of the site has to be modelled and input into the 
software, and using the relevant wizards, input climatic data, such as 
prevailing wind direction, average wind speeds, and air temperature, 
to set a premise for the simulation to work on, Figure 6. After the first 
block (urban scale) has been set, a secondary more concise block and 

be created within, in that block, the various iterations that have been 
modeled will be simulated at higher resolutions for a more accurate 
representation.

After all the iterations have been set in separate files, the solver can 
be launched for the simulation to begin. With the multi-block tool, the 
entire simulation can be done just once and not separately at different 
building scales (Figure 6).

Once the simulation is complete, the post processor will be 
launched. Using the post processor, a choice of visualization tools can 
be chosen to best represent the data computed. For the comparative 
study, a 2D representation of wind velocities as well as an excel read out 
of point data was used, (Figure 7).

In each transformation of rotating, curving the edges, and skewing 
the form, the form becomes more and more aerodynamic, in which 
CFD acted as a quantitative tool to justify how wind was able to flow 
through and around the form without losing much speed, or being 
deflected in opposing directions. These were hence the transformation 
techniques used in “sculpting” an optimized form for the proposed NV 
office tower block.

Figure 3: Integrated Design Process.

Figure 4: CFD of Singapore CBD.

Figure 5: Integrated Work Flow.
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Figure 6: Urban ventilation study by altitude.

Figure 7: Preliminary Analysis of Form and Wind.

Subsequently, when designing with the environment, it is 
insufficient to simply rely on average data which are determined at a 
global scale. Hence, at the building scale, the environment involves 
the consideration of immediate adjacent surroundings. In the figures 
above, a site specific representation of the wind velocities at various 
altitudes were exported from the results of the CFD simulation. The 
arrows formed are able to illustrate the change in wind pattern relative 
to the urban fabric at varying heights of the site. This valuable data is a 
relevant reflection on form generation of the tower that is very much 
specific to its site.

Detailed design tool: When designing for natural ventilation, 
strategies used are either, single-side ventilation, cross ventilation, 
or stack ventilation. The designer may for example illustrate in his 
drawings that the passive strategy of his building would utilize stack 
ventilation to naturally cool the spaces. However, if not designed 
properly, if the actual built naturally ventilated atrium does not have 
any temperature, density, and pressure differences between the interior 
and exterior space, the stack effect would not work, and the atrium 
would end up being a void space with uncomfortable stale air trapped 
in the building, which in turn may require mechanical systems to create 
a circulation (Figure 8).

The Figure 8 is a compilation of ventilation techniques and its 
applicability in the context of the tropical climate of Singapore. The 
variance in technique would cause differences in the eventual buildable 
floor area as well as the percentage of it that can remain naturally 
ventilated. Hence, the comparative study has to encompass building 

feasibility together with the possibility of natural ventilation. In the first 
instance of using stack ventilation, similar to that in the case study of 1 
Bligh Street, the technique remains consistent except the weather data 
is set in Singapore. The result from the simulation shows how it is less 
applicable here due to the lack of air movement in the central atriums, 
factually caused by the marginal difference in pressure between the 
lower and higher regions.

In the instances utilizing single side ventilation technique, floor 
to floor height has to be generous for winds to reach depths close to 
the core. Compared to stack ventilation towers, single side ventilated 
towers have a greater percentage of naturally ventilated areas, however, 
due to the requirement of a building core, at certain times of the day, 
there will always be vortex shedding regions with low wind speeds. The 
use of cross ventilation may achieve the highest level air change rate 
among the techniques.

However, the requirements to achieve cross ventilation demand 
aerodynamics as well as immense openings, these factors cause relative 
reduction in floor area as well as higher floor to floor height

Hence, for the proposed natural ventilated office tower, a combined 
strategy of single and cross ventilation technique is used. Relative to the 
respective zones, cross ventilation is used to ventilate the area of the 
lift lobby, whereas a combination of cross and single side ventilation is 
used to ventilated work spaces so as to not compromise on buildable 
floor area. After modelling out the tower, the CFD simulation was able 
to justify the feasibility of the cross-ventilated strategy to naturally cool 
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the space. In the Figure 9, it is apparent that the cavity of the tower 
encourages airflow through the space and even at accelerated air 
change rates (Figure 9).

Conclusions
The intention of this research serves to question the constructs of 

the typical office buildings present in metropolitan cities like Singapore. 
These clusters of buildings often take on the typology of “glass boxes”, 
which are generic plug and play models, aimed at creating standard 
indoor environments, exclusive from its surroundings.

Formally, the design relies on calculated steps to break away from 
the typical glass box typology into one that tries to relate to surrounding 
climatic conditions. With the emphasis on wind as a passive means to 
ventilate the indoor environment, the CFD software scStream was used 
to set up premises in which the design is to work with to create both 
form and space that enables effective introduction and extraction of 
wind.

As elaborated in the earlier chapter, the formal transformation 
begins with the manipulation of simple geometries. These 

Figure 8: CFD Analysis; Wind.

Figure 9: CFD Analysis; Results.

manipulations serve to better the connection of form to the cityscape 
in terms of understanding prevailing wind patterns to better facilitate 
air movement in and around buildings in the city.

Subsequently, the choice of feasible ventilation techniques were 
tested, the result would effectively embody the second set of premise in 
which the form could work with.

For instance, in simulating forms that abide to using stack 
ventilation techniques, it is found that the negligible difference in 
pressure and temperature in Singapore’s tropical climate negates the 
possibility to provide for passive means of comfort with this method 
of ventilation. The third consideration is ultimately more site specific; 
it considers the relation of wind patterns as well as shadow studies that 
are a cause of the height and shape of adjacent buildings.
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