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“The mesh generation step presented the most labour-
intensive part of the simulation process because of the 
requirement of meshing the intricate surface topology 
of the airway geometry. Gambit was found to be an 
extremely powerful mesh generation package. Its 
ability in handling the complex geometry was very 
pleasing. In simulating the multiphase flow, Fluent’s
extensive library of turbulence and multiphase models 
along with the User-Defined-Functions tool allowed the 
perform the exact  research that I wanted.”

Kiao Inthavong
PhD Student, RMIT
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The drug delivery market is worth billions of dollars and the 
potential for growth in this sector is extensive due to its 
advantages including improved patient compliance (elimination 
of needles), avoidance of breakdown in the digestive system 
and rapid onset of action. 

A predictive model for the effective simulating of airflow and 
aerosol particle deposition in the human nasal cavity is needed 
to gain a better insight into the dynamics of this multiphase flow.

Spray simulations coupled with the nasal airway geometry will 
provide micro-information never before possible. This project is 
part of a larger project to fully simulate the entire upper airway 
include the oral airway right through to the lungs. It is expected 
that the research will help guide better clinical studies and the  
design of drugs and their delivery systems.
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The challenges posed by this project are to:

Computationally reconstruct a realistic 
nasal cavity model;

Numerically simulate both airflow and 
aerosol particle deposition in the nasal cavity 
by using advanced turbulence techniques;

Validate the model against the measured 
data in terms of hydrodynamic parameters 
and particle deposition efficiency;

Simulate the complex behaviour of fluid 
dynamics and particles in different nasal 
cavities in much greater detail than possible 
under realistic physiological conditions.

The computational mesh was modelled using 
the Gambit package. Local and global 
refinements were performed within Fluent’s
‘adaptation’ commands. Simulations under a 
variety of turbulence models were employed 
and used to validate the model with 
experimental data. Particle deposition and 
behaviour within the nasal cavity was 
investigated using the Discrete Phase model 
which allowed individual tracking of particles. 
Upon the successful setup a large amount of 
simulations covering different parameters 
provided a greater insight into the dynamics 
of the air-particle flow within the nasal cavity.

The establishment of a predictive model 
identified regions of bulk flow and highly 
concentrated deposition sites. For example 
inertial deposition results in the front regions, 
whereas gravitational deposition occurs later. 

Research results have been published in key 
journals in the biomedical and aerosol 
science areas such as Aerosol Science and 
Technology. These results will make a 
significant and direct contribution to the 
pharmaceutical industry in the optimal design 
of drug delivery devices and also help in 
accurately evaluating the potential biological 
effects of toxic or allergic inhaled particles. 


