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Problem Introduction 

• There are many ways of non 
dimensionalizing natural 
convection flow problems and it 
is not clear which is best.  

• The specific geometry and 
problem provide a platform to 
test different methods in 
COMSOL. 



Literature Review 



Problem Introduction   



Model Equations 

Navier Stokes 

Conservation of Mass 

Conservation of 
Energy 



Characteristic Velocity Options 



Dimensionless Variables 



Dimensioned Variables 
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Dimensioned and Dimensionless 
Results 



Conclusions 
• Dimensioned and dimensionless solutions in COMSOL 

show good agreement for Ra=2.5e7 using the 
Boussinesq approximation. 

• As the Rayleigh number is increased (Ra=10e7) the 
ideal gas solutions follow a separate solution path. This 
is a function of the chaotic behaviour of the system. This 
phenomena has also been observed at higher Rayleigh 
numbers when the Boussinesq approximation is used 
[16]. 

 



Chaotic behaviour of the System 

At high Rayleigh 
numbers the 
system becomes 
chaotic as new 
harmonics appear. 
Ra=18e7 is shown. 



Chaotic behaviour of the System 

The system shows 
hysteresis. 
Depending on the 
starting point for the 
simulations different 
solution paths are 
found. 



Future Work 
• Continue exploration of the chaotic nature of this 

system. 
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