
Rotating thermal convection: centrifugal effects 
 

Author: Xavier Zambrana Puyalto 
Tutor: Francisco Marques Truyol 

 
Thermal convection is a great importance phenomenon which takes place on fluids over 
industrial processes and geophysics. When it takes place on rotating systems (such as Earth), 
inertial terms appear and consequently one must take account Coriolis and centrifugal forces. 
This last term has been classically neglected as in experiments as in theoretical treatments of 
the problem because it creates some difficulties at mathematics involved on problem; in this 
work we want to study convection with rotation effects which are important at medium and high 
rotations. However, present work it’s not a laboratory work, it’s actually a numerical simulation 
work. We will simulate a convective cylinder with a uniform temperature difference between both 
tapes and also with a uniform rotation so that we can see rotating convection phenomenon and 
we can show out centrifugal buoyancy effects.  
 
Work is actually organized in the following way. Basically, it has two conceptually different parts 
(apart from introduction and conclusions), one which is theoretical and the other practical. 
Theoretical part tries to familiarize the reader (which is supposed to be a civil engineer) to the 
concepts and language, mostly of them typical of mathematical physics, which will be used in 
the practical part of the work. In fact, this theoretical part is subdivided in 3 big blocks. In the first 
one, dynamical systems are introduced and a first vision of bifurcation analysis of parameter’s 
theory is presented. This is a kind of new branch of applied mathematics which has been 
growing up since 70’s to solve problems that science and enginery has been meeting with. The 
fact that most of these problems were found at 70’s and not before is that they are completely 
related to informatics and computational science developments which has permitted to tackle 
plenty of problems of different branches. On the other hand, in the second block a brief 
introduction of fluid mechanicals is done just quoting some hypothesis considered to simulate 
fluid behaviour at the practical part of the work; moreover, governing equations (considering 
previous hypothesis) of the problem are presented and finally rotating and convection effects 
are introduced separately so that the reader doesn’t get lost if some heuristic reasoning is done 
subsequently. Finally, third and last theoretical block refers to numerical methods used to solve 
fluid governing equations in a convective cylinder. One may know that the aim of this theoretical 
part is not being used as a reference to learn something about these subjects, but it is a simple 
introduction to the concepts one is forced to understand to make a work such as this.  
 
The second part of the work consists of problem’s resolution. Navier-Stokes-Boussinesq 
equations are solved in a rotating cylinder supposing axysimmetric solutions and with a rest 
initial state. Once system has evolved until a time such that solution is stationary, this state is 
considered to be the system’s state and other possible states are numerically set depending on 
two parameters: temperature difference between covers (Rayleigh number) and rotation 
(Reynolds number); solution manifold is projected on a plane and first system’s bifurcation are 
analyzed. Finally, two combinations of Reynolds and Rayleigh are fixed (general problem 
analyzing all possible combinations of Reynolds and Rayleigh is too much complicated), all 
possible solutions with this combination parameters are determined and their stability is 
analyzed in the axisymmetric space. In case we obtain stable solutions in this subspace, they 
will be evolved on 3D to see if they are really physical or not. 
 
Results obtained show up the importance of centrifugal buoyancy at high rotation, however one 
must take into account the following fact. Fluid mechanics is a theory developed parallel in a 
theoretical and observational framework. One will have to take note that simulations done, 
although they are really reliable (in fact, lately people usually believe more in Navier-Stokes 
simulations than in experiments), should have to be contrasted by experiments at the laboratory 
so that results could be contrasted. This is getting done at Pamplona and consequently results 
will be able to be corroborated soon. 
 
 


