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Fluids heated from below exhibit very interesting non-linear behaviour applicable in many 
scientific fields. The classical Rayleigh-Bénard problem offers a first approach to understanding the 
 complexity of flow development during the transition from conductive to convective regimes and 
its affect on the coupling with solid/liquid transition. Stable flows are of interest in practical 
applications because of their impact on the redistribution of species. For example, in the crystal 
growth for electronic applications, convection in the liquid phase strongly affects dopant 
segregation and influences the interface shape. To investigate this problem numerically two 
dimensional models have been used for investigation of directional solidification configurations 
based on thermal1 or solutal control2,3, under full or low gravity conditions.  
 
Flow and thresholds of unsteadiness are further enhanced when thermal boundary conditions vary 
with time. Such situations are encountered for example in periodically energized electronic 
components, which induce unsteady heat generation. 
 
In the present work the heat and momentum transfer is investigated based on the effect of the 
amplitude and the frequency of a given oscillation imposed on the hot wall [T )2sin(1 ftH πε+= ]. 
The configuration shown in Figure 1 is considered and compared to available accurate results 
without temperature fluctuations. Firstly, the steady state regime is studied in terms of stream 
function variation and average Nusselt number.  The study is then extended to investigate effect of 
the temperature fluctuations on the flow instability and transition thresholds.  
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Figure. 1 : Geometrical configuration 

 



Numerical solutions were obtained using a primitive variables finite volume formulation.  The 
convective terms are evaluated using the Quadratic Upwind Interpolation for Convective 
Kinematics scheme QUICK with ULTRA SHARP limiter to take into account high gradients in the 
solution.  Diffusive terms are approximated using a second order central difference scheme4.  
Linear systems are solved with the classical Tridiagonal Matrix Algorithm (TDMA).  The time 
discretization uses a second order Euler scheme.  The pressure-velocity coupling is solved using  
the PISO algorithm. 
 
In the paper the following definitions are used. The average value of stream function is defined as 

f max min( ) / 2Ψ Ψ Ψ= + ; the difference between the average value of ψ for the frequency f and 
frequency 0 is defined as ; the amplitude of Nusselt number at the 
cold wall (interface) is defined as

0 fG( ) ( ) / 100Ψ Ψ Ψ Ψ= − ×

max miA( Nu ) ( Nu Nu
0

n o) / 100 Nu= − × .  The Nusselt and Rayleigh 

numbers are defined as ∫=
L
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),(Nu  and ( ) 3
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Figure 2 shows variation of G(ψ) with frequency for two values of Ra numbers. It shows the 
existence of a frequency minimising the average value of ψ (G(ψ) reaches a maximal value).  
Figure 3 shows variation of G(ψ) with frequency for two values of amplitude for a Ra= 10000. 
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Figure 2. Variation of G(ψ)  versus frequency for Ra=15000 and Ra=10000 
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Figure 3. Variation of G(ψ)  versus frequency for ε=1.0 and ε=0.5, Ra=10000 



The amplitude of the Nusselt number variation decreases with the frequency. This variation is 
practically independent on Ra number (Figure 4).  
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Figure 4. Variation of the Nusselt number amplitude on the cold wall according to the frequency 
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