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1. Introduction – The forced convection characteristics inside a square closed cavity with an axial fan 

have been investigated numerically. The fan is oriented to the horizontal direction operates from the cold 

wall towards the hot right wall. The horizontal walls are considered to be adiabatic (Figure 1). In order to 

investigate the effect of fan position, three different placement of fan are considered. The study has been 

carried out by solving numerically momentum and energy equations with the Boussinesq approximation. 

The governing equations have been solved using the finite volume approach, using SIMPLER algorithm 

on the collocated arrangement. The behavior of the fluid in the ranges of dimensionless fan position from 

0.2 to 0.8, Reynolds number range from 50 to 103, and Rayleigh number range between 10 and 106 is 

described in detail. The medium considered is air with a Prandtl number of 0.71. The results are presented 

in the form of streamlines, isotherms, and average Nusselt number. 

 

2. Mathematical formulation – The convection induced by both the temperature gradient and inertial 

source within enclosure has been studied in relation to several practical applications. The most interests of 

these flows are encountered in several domains such as cooling of the electronic equipment, solar collectors 

manufacturing, pollution removal and building sciences. 

In the study, some simplifying assumptions are taken into account in order to formulate the physical 

problem and facilitate its resolution. The two-dimensional flow is considered laminar, stationary, while the 

Boussinesq approximation has been applied to model the density variations. The thermal conductivity of 

the fan is assumed equal to that of the fluid and its rotational speed is considered constant. This rotation 

creates a kinetic energy modeled as a generation of momentum in the Navier-Stokes equations by the term 

ρV2. 

 

3. Results and Discussion - The flow structures, thermal fields, and the heat transfer rate through the hot 

wall will be discussed and analyzed. For the case of low values of the Reynolds number, the flow is similar 

to that encountered in the case of a differentially heated cavity where a boundary layer develops at the hot 

wall causing the fluid upward. The results show, according to the values of Re and Ra, two types of flows 

in space competition; the movement of the natural convection and the forced convection for which flow is 

multicellular whose number of cells depends on the Reynolds value and the fan position XF. 

 

4. Conclusions - The average Nusselt number is sensitive to the value of the Reynolds number and 

position of the fan, but only for low Rayleigh number and this dependence disappears when thermal pulling 

increases. For the forced convection mode (10<Ra<10+4), the heat transfer takes its optimal values 

(Nu=4.95) for the pair (Re=500, XF=0.2). The average Nusselt number increases with increasing in 

Reynolds number, and the distance between fan and hot wall increase the Nusselt number essentially with 

high Reynolds number values.  

 


