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In the present numerical study, three-dimensional steady flow analyses has been made on natural 
convection in a differentially heated cubical enclosure. 
The detailed structures of the three-dimensional fields were scrutinised by using high resolution 
computational results over the range of Rayleigh numbers studied 103 ≤ Ra ≤ 106. 
In this work 42*42*42 mesh frame is used in the x, y and z directions for 103 ≤ Ra ≤ 5.104 and 
52*52*52 for  Ra ≥ 105 ( figure –1-)  

 

Fig.1. Grid distribution of computational domain 
 
 
Examination of the perspective three dimensional  fields revealed that the variations in the z-
direction were evident particularly near the end wall. As the Rayleigh number increases, the 
convective activities intensify and significant z-variation tend to be confined into narrower areas 
close to the end walls, this is a result of boundary layer development . 
 



The analysis is conducted by observing  variation of the velocity vectors, pathlines and isotherms 
for different Rayleigh numbers. The details of the three dimensional flow and isotherms are 
described in order to investigate the effects of three dimensionalities on the fluid flow and thermal 
characteristics in enclosure.  
 
 
The variation of Nusselt numbers on the hot and cold walls are also presented to show the overall 
heat transfer characteristics inside the enclosure. The three-dimensional data demonstrate 
reasonable agreement with the experimental  measurement. 
Utilizing the above numerical results, heat transfer correlation over 103 ≤ Ra ≤ 106 for the three 
dimensional enclosure are proposed as : Nu=0.1291.Ra0.304 ( figure-2-) 
 
 

 
Fig-2-: The overall Nusselt number at the colder wall 

 
The predicted overall Nusselt number shows considerable discrepancies from the corresponding 
two dimensional solutions. 
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Nu=0.1291*Ra0.304


