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The assessment of human exposure to airborne contaminant is an important issue in 
building design. The physiological significance of such exposure and technical means to 
minimise such risks have long been known in literatures. (1, 2, 3) In recent years, com
putational works have increasingly been seen used as design assessment tools as an al
ternative to site measurement and wind tunnel tests. Questions arise that most of such 
computation studies were restricted to single spaces due to high computing requirements 
and theoretical complexities ignoring the physical reality that the spaces were not iso
lated, it is encased by walls, occupants and furniture which were participating in the 
thermal environment. To address these issues two schools of thoughts have emerged. 
One was to enhance the CFD codes with the fabric and long-wave radiation models to 
enable it to model both airflow and thermal conduction simultaneously by prescribing 
boundary conditions external to the building. (4, 5, 6) The other was to extend the con
duction based building thermal simulator to include the CFD codes so as to enable the 
two models interacting on a time-step basis, exchanging information at their model 
boundaries. (7, 8) Theoretically the two thoughts are sound with which the former was 
already be seen in rocket and turbine engine designs. While in CFD simulation of 

. buildings they only succeeded in limited cases of academic studies. The main reason for 
this is that both the two approaches have been unable to handle the differences in time 
constants between the walls and the air volumes, which very often differ hundreds of 
times of order of magnitude. In the case of a realistic building, any attempt to simulate 
the two systems on a time-step basis would be rendered unnecessary. 

In this paper an integrated approach is employed to take into account of the large differ

ences in time constants between walls and air in the buildings, the CFD code is refined 
to account for the turbulent, buoyancy driven flow and the particle movement of con
taminant. 

Methods 

The Integrated Thermal and CFD Simulation 
Given that the large differences in time constants between the walls and the occupied air 
volumes within buildings, and furthermore, in CFD simulation each of the occupied 
space is further divided into tens of thousands of control volumes, the time constant of 
each of these control volumes will become negligible in comparison to those of the 
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walls. Simultaneous or in time-step basis solution of the combined system would be
come unnecessary in practice. Special numerical treatment would be needed. 

One solution to this is to divide the simulations into two different time frames, i.e. the 
large time constant and the short time constant frames: (9) In the first frame a compre
hensive thermal simulation including the modelling of the wall conduction, solar, short 
wave and long wave radiation, casual gains with coupling to network based airflow and 
single node air volume simulation will be carried out for a longer period from several 
weeks to several months. The second frame looks into the transient airflow for any se
lected air volumes for a period of several minutes within the duration of the thermal 
simulation. This treatment is based on the concept that the transient volume-weighted 
averaging air temperature of the CFD simulation would be identical to the air tempera
ture of the same space obtained from the thermal simulation. (10) 

The CFO Numerical Model 
The CFD software used for the prediction was developed by the author, which solves 
the 3D non-isothermal Navier-Stokes equations and species dispersion using finite dif
ference discretisation. The special features of the code include, the RNG based k-e tur
bulence model to account for the low Re commonly occurred inflow within buildings; 
the second-order QUICK algorithm for the discretisation of the convective terms; the 
SIMPLEC algorithm for the velocity-pressure coupling; and an transient implicit itera
tive solver for time-stepping. 

The CFD model is built for the indoor car park within the building complex. Fumes and 
heat contaminant, CO, generated by the starting of the pared cars were modelled as heat 
and contaminant sources based on the monitored averaging daily frequency of the use. 
The geometry model was further divided into 98X by 75Y by 53Z cells for numerical 
simulation. Figure I and 2 show the geometry and the discretised models. 

Figure I. Figure 2. 

Boundary Conditions 
The large time constant frame thermal simulation for the whole building was carried 
using the energy simulation code i.e. ESP, for a duration of four months starting Janu
ary climate typical climate data of Edinburgh. (11) The boundary conditions required for 
CFD simulation were imported from the building thennal simulation. These had in
cluded the surface temperatures of the walls, floors and ceiling by which the effect of 
short and long-wave radiation among the surfaces had been taken into account; the con
vective contribution from lighting, occupants and equipment; airflow from the adjacent 
spaces. Thermal and momentum log-law wall functions were applied on all solid sur-
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faces. For turbulence quantities k and E the following relationships were applied at solid 
region: 

2 3 
u. u. k= .jC; e==J;; 

Parallel to this, in the CFD simulation, the convective heat transfer coefficients for the 
air-cell adjacent to the wall are updated at each time-step. based upon the first principle 
theory. 

Results and Discussion 

Simulation results showed details of the air movement and distribution of contaminant 
where deficiency of the design of the system can be identified. The effectiveness of the 
ventilation system was assessed by investigating the concentration dispersion of the 
contaminant distribution. From the simulation the locations where the accumulation of 
higher concentration of contaminant were likely to occur were identified, which agreed 
with site measurement and based on these counter measures were considered to mini
mise the risk. To track the movement of contaminant, a first-order participating particle 
transport model based on particle mechanic was applied to calculate the trajectories of 
particles by considering their descending velocity. The results were shown in 3-D ani
mation movement. 

Conclusion 

The combined building thermal and CFD simulation requires particular attention in 
handling the difference in time constant between the wall structures and the occupied air 
volumes, without which any attempt in tackling the problem would be rendered. To as
sess the CO pollution risk to the indoor car park using CFD simulation, a two-stage time 
frame simulation approach was proposed. In doing so, a seasonal thermal simulation 
was carried to model the long· term thermal condition of the whole building and CFD 
simulations were then carried out using the boundary condition generated by the thermal 
simulation for short time frame analysis. The theoretical basis which incorporated ad
vanced numerical necessary to the problem was introduced and the CFD model de
scribed. The CFD simulation results showed details of the contaminant distribution for 
locations where contaminant risk may occur were identified and compared with site 
measurements. Particle tracking algorithm was used to display the animation of con
taminant dispersion. 
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