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Abstract. Complex behaviour of air flow in the buildings makes it 
difficult to predict. Consequently, architects use common strategies 
for designing buildings with adequate natural ventilation. However, 
each climate needs specific strategies and there are not many heuris-
tics for subtropical climate in literature. Furthermore, most of these 
common strategies are based on low-rise buildings and their perfor-
mance for high-rise buildings might be different due to the increase of 
the wind speed with increase in the height. This study uses Computa-
tional Fluid Dynamics (CFD) to evaluate these rules of thumb for nat-
ural ventilation for multi-residential buildings in subtropical climate. 
Four design proposals for multi-residential towers with natural venti-
lation which were produced in intensive two days charrette were eval-
uated using CFD. The results show that all the buildings reach ac-
ceptable level of wind speed in living areas and poor amount of air 
flow in sleeping areas.  
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1. Introduction  

The dependence of buildings on fossil fuels has increased rapidly over last 
few decades, mainly due to the increased use of building services. The build-
ing sector is responsible for about 40% of finite fuel consumption which is 
not only costly, but also contributes to Green House Gas (GHG) emissions 
and environmental problems (Nezhad 2009). 
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In Australia, 42% of the total energy consumption in residential buildings 

is for energy use in the heating and cooling systems (Pears 2007). Natural 
ventilation has the potential to replace conditioned air in the interior of the 
building spaces with external fresh air for a large proportion of the year and 
thus reducing the need of energy for cooling (Nikas, Nikolopoulos and 
Nikolopoulos 2010). It can also improve indoor air quality (IAQ) by circu-
lating and delivering fresh air into space, thus leading to positive effects on 
the occupants’ health (Givoni 1998, Ohba and Lun 2010). 

Considering natural ventilation earlier in the design of buildings does not 
have any significant cost (Stoakes 2009), therefore designing for natural ven-
tilation should be considered in very first stage of building design process. 
Unfortunately the complex behaviour of air flow in buildings makes it diffi-
cult to predict (Nikas et al. 2010). Software packages are available to support 
analysis of ventilation flows, but it is expensive, complex to use and has long 
run times. As a result, most architects use heuristics for designing naturally 
ventilated buildings.  

One of the main aspects that should be considered in designing energy ef-
ficient buildings with passive strategies is climate (Givoni 1998, Hui 2001). 
The basis for this paper is a study performed in Brisbane, in the state of 
Queensland, Australia. It is located 27.5°S and 153°E, consequently with a 
subtropical climate. The greater Brisbane area holds a population of approx-
imately 2.5 million people. More importantly, internationally many of the 
cities with major growth projections are located in the tropics or subtropics. 
There are few studies available on common strategies on designing buildings 
specifically for subtropical climates, and especially for multi-residential 
towers. Given the need for increased densities in cities to reduce the waste of 
prime land for housing this is a serious lack. For this reason designed resi-
dential towers for this climate based on common rules of thumb is question-
able and should be evaluated. 

This paper is a first step in evaluating the effectiveness of rules of thumb 
in providing appropriate designs for natural ventilated residential towers in 
subtropical climates. To this end, air flow rate and flow patterns were simu-
lated using CFD for selected units of four design proposals for naturally ven-
tilated residential towers. These designs emerged from a two days design 
charette for sustainable architecture in the subtropics (Kennedy and 
Thompson 2011). The results are evaluated in terms of flow rate in interior 
spaces in order to demonstrate the effectiveness of the natural ventilation de-
sign.  
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2. Design for Multi-Residential Buildings in Subtropics  

2.1. CHARRETTE DESIGN  

The Centre for Subtropical Design at the Queensland University of Technol-
ogy (www.subtropicaldesign.org.au) gathered four multi-disciplinary teams 
to design multi-residential towers for a subtropical climate for a site located 
in Brisbane through a two day charrette (Kennedy and Thompson 2011). The 
teams were all made up of designers experienced in subtropical contexts. 
Given the tight time frames it was not possible to use analytical software 
tools that took more than a few minutes to set up and run. Consequently, 
these buildings were designed in a way to provide both natural lighting and 
cross ventilation using heuristics (rules of thumb).  

2.2. HEURISTICS IN NATURAL VENTILATION  

One of the main aspects for designing energy efficient buildings is climate 
based design (Givoni 1998, Hui 2001). Thus, architectural rules of thumb 
might be chosen based on climate considerations. The common strategies for 
natural ventilation in subtropical climate (Szokolay 1991, Yeang, Balfour, 
Richards et al. 1994, Yeang 1999) that were used for the charrette designs 
include: 

• Cross ventilation: all of the buildings have at least two openings at opposite 
sides in order to provide cross ventilation for each unit; 

• Open plan layout: building plans were kept open to lessen the obstructions 
for cross ventilation; 

• Shallow plan layout: unit plans have been designed with a maximum depth of 
14 m; 

• Balconies and fin walls: In all the design proposals, balconies and fin walls 
were considered to redirect and funnel the wind.   

Although these strategies are aimed at subtropical climates some of them 
are general solutions that can be used for other climates as well. Further-
more, most of these design recommendations are based on studies for low-
rise buildings. Consequently, their usability for high-rise buildings should be 
questioned. Specifically, the designs did not consider: 

• The effects of increased wind speed with height; 
• Possible need for wind attenuation with height; 
• Possible noise effects around projections in the buildings. 
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2.3. CASE STUDIES  

During the charette the four design teams each produced a different concep-
tual tower configuration, which favoured the ‘slab’ typology (Sherwood 
1978) The towers all have elongated rectangular geometry, with the longer 
faces facing north and south, allowing for better sun exposure in winter, and 
solar control in summer. The floors are subdivided into regular structural 
bays running the full building width with openings on the two opposing fa-
cades for cross ventilation.  

The four case studies previously described in (Garcia Hansen, Kennedy, 
Sanders et al. 2012) are a point access tower (Case Study 1), gallery access 
tower (Case study 2), point access single loaded tower (Case Study 3), and 
‘skip stop’ double-loaded corridor (Case study 4). The typical floor plans of 
the case studies are shown in Figure 1. 

Case studies 1, 2 and 3 are a variation of a single loaded form of circula-
tion, allowing cross ventilation specially in living areas, while case study 4 is 
a two-story dwelling that interlocks in plan and section around a skip stop 
double-loaded corridor, with one of the stories spanning across the building, 
also allowing cross ventilation in the living area.  

 

 
Figure 1: Typical floor plates of the Tower Designs and location of case study apartments 

(Garcia Hansen et al. 2012). 
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3. Method 

3.1. PROBLEM DESCRIPTION 

The goal of building design is to provide a comfortable environment for the 
occupants for as much time as is feasible. Since the Brisbane climate is 
‘cooling driven’ the major goal is to reduce the perception of over-heating. 
The thermal comfort tool for ASHRAE 55 (ASHRAE 1981) was used to link 
air speed to thermal comfort. A value of 30°C was taken as the top tempera-
ture in the range, Relative Humidity was ignored since it is constant across 
the samples. Analysis of wind speeds during the hot times of day over 15 
years weather data lead to using 3.3 m/s as wind speed for simulation design.   

A unit was selected from each building and was modelled with the fa-
cades of the adjacent units to ensure that the effects of placing the unit in 
context would be assessed. An unstructured tetra mesh was generated for 
each design using ICEM software . Each simulation contains more than 10 
million nodes.  

The models be placed into a “domain” – a three dimensional volume that 
contains the model. The domain dimensions were set to be a factor of 5 larg-
er than the models they contained. These dimensions were based on a study 
(Gao and Lee 2011) which indicates there is only 2% difference between re-
sults from 5H and 15H domain length. 

3.2. COMPUTATIONAL FLUID DYNAMICS (CFD) 

To evaluate the ventilation rate in the charrette design buildings and to be 
able to compare the design strategies this study used CFD as a method as it 
is the most suitable and accurate tool for the simulation, prediction and anal-
ysis of fluid flow. CFD is widely used (Chen 2009) and it has been imple-
mented in several studies for prediction of cross ventilation (Carrilho da 
Graça, Chen, Glicksman et al. 2002, Chu and Chiang 2013, Lo, Banks and 
Novoselac 2012, Nikas et al. 2010, Visagavel and Srinivasan 2009). It has 
the capability of prediction air velocity, temperature, pressure inside and 
outside the building through solving set of equations for conservation of 
mass, momentum and heat transfer using Navier-Stokes equations (Fluent). 
As this study was aimed at understanding the flow of air through the units, 
the choice of CFD is the most appropriate for both level of detail and accu-
racy. 

  The commercial CFD code FLUENT software was employed to simu-
late air flow patterns and air velocities in selected units. To simulate the ven-
tilation performance in the selected building designs the assumptions are that 
flow is incompressible, Newtonian, isothermal and turbulent. The renormali-
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zation group (RNG) k-Ɛ turbulence model was chosen and convergence cri-
teria were set to 10-3. The steady-state solver was chosen and gravity was ac-
tivated.  

The inflow velocity rate was extracted from Brisbane 30 minute weather 
data as average of wind speed over 15 years in 30° C temperature which is 
3.3 m/s. The direction of the wind was assumed to be normal to the openings 
to evaluate the building designs’ performance based on the units operating at 
optimal design. This approach was taken as it was considered the most ap-
propriate starting point for the simulations in this preliminary study. Further, 
by simulating all units in their optimal operation, a fair and equitable stand-
ard by which to compare them is achieved. No slip and stationary conditions 
were specified for the walls. 

The same conditions were set for all designs as there was insufficient de-
tail in the designs to consider effects such as surface roughness. 

4. Results and Discussion 

The aim of this study was to investigate the accuracy of common strategies 
used by architects for designing multi-storey, multi-residential buildings in 
the subtropics with adequate natural ventilation. Since these buildings will 
never be built, CFD was employed as a method for prediction of ventilation 
performance of the four design proposals in terms of air flow distribution 
and air velocity inside the residential units. The same external conditions 
were defined for the all selected units to allow fair comparison of results. 
The results of the simulations are shown in figures 2 – 6 and they are illus-
trated on plan of the selected units. Number 1 on the figures 2 – 6 has been 
assigned to living areas, number 2 for bedrooms and number 3 shows bath-
rooms. Bathroom doors were assumed to be closed; hence, no air movement 
is shown in these areas. 

The selected wind speed at the external face of the designs was set at 3.3 
m/s, which corresponds to an orange-yellow colour on the figures. One of 
the criteria that ventilation performance of selected units can be evaluated 
against is percentage of internal air velocity to external wind speed. In all 
cases the designs were able to achieve interior air speeds of over 3 m/s with-
in the living areas. Consequently, all of the designs satisfied this criteria by 
more than 90% and we can consider that all of them met the goal of accepta-
ble flow through ventilation for the living areas. Case studies 1 and 3 have a 
focussed band of air that adheres to one wall, which is less desirable than the 
results for the living areas in case studies 2 and 4. Minor tweaks to the size 
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of openings and relative positioning of openings, such as diagonally oppo-
site, may assist in improving the spread of air flow. 

 
 Figure 2. Velocity magnitude in Case Study 1    Figure 3. Velocity magnitude in Case Study2 

 
Figure 4. Velocity magnitude in Case Study 3 

 
Left: Figure 5. Velocity magnitude in first level of Case Study 4 – Right: Figure 6. Velocity 

magnitude in second level of Case Study 4 
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In case1 and 4, both bedrooms in a unit have nearly the same natural ven-

tilation performance with regards to air speed and flow uniformity through 
the space. In case study 2, air speed in the sleeping area located on the 
windward side is noticeably higher than the bedroom located at leeward side. 
The bedroom located at left side of the case study 3 experiences the same 
adheresing flow band as the one in the living room.  

In all cases, the air flow in the sleeping areas is not satisfactory based on 
average air speed of 1 m/s (30% of external wind speed). Case study 4 bed-
rooms have the worst performance in terms of ventilation in comparison 
with other case studies. This is due to the unique configuration of this layout, 
where the bedrooms only have single-sided ventilation. The only path from 
the ventilated side is up the stairs. In the other cases, cross ventilation to the 
bedrooms requires the bedroom door to be open. In general, changing the re-
spective positions of the doors and windows may assist in improving air 
speeds in these rooms. Of course, secondary equipment, such as ceiling fans 
could also assist in providing more liveable conditions. 

5. Conclusion 

Present study assessed common rules of thumb for natural ventilation in 
multi-residential towers in subtropics. CFD as a commonly used prediction 
method was employed to evaluate ventilation performance of four residential 
tower designs. The main aim of this study was to assess design related pa-
rameters in the same situation for all these four designs. Wind direction was 
assumed to be normal to the openings to assure the optimum performance. 
Although these design proposals were produced through two days charrette 
with relatively short time frame, they all achieved adequate amount of air 
flow in living areas. The ventilation rate in sleeping areas was not satisfacto-
ry and could be worse if the bedroom doors leave closed. This should not be 
taken as criticism of the designers due to the limited time available to them. 
Rather this could be considered as justification for this research in easily 
identifying these problem areas.  

In conclusion, heuristics in natural ventilation for multi-storey residential 
in subtropics can be effective to some extent and experienced architects can 
use them in very first step of building design. However, their effectiveness 
can vary in different situations so use of the simulation tool which can pro-
vide detailed flow path and air speed inside the buildings seems crucial for 
optimization of the design outcomes. Since small changes in the configura-
tion of openings may enhance the airflow significantly, the use of simulation 
tools such as CFD becomes more important.  
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6. Future Work 

The analyses presented in this paper focussed on the performance of individ-
ual units as designed by the teams. Further analysis of the designs while var-
ying some of the configurations within these plans would be of interest, such 
as varying the size and location of windows and openings. This should focus 
on improving conditions within the sleeping areas. The impact of height on 
the external air pressure and wind profile also needs to be assessed. 

The performance of the entire building should also be analysed to exam-
ine the boundary conditions for units on the ends of the buildings and also 
the impact of height on air speed. Methods of attenuation may be required at 
upper levels. 
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