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This study deals with convective heat transfer in a square cavity with a localized heat 

source at its center. The form factor of this configuration is (h/H=0.6) which is the ratio 

between the height of the source and the height of the cavity. The Rayleigh number is 

Ra=106 that indicated a laminar flow in this cavity. The numerical simulation gives a good 

result compared to the experimental data, which justifies the choice of our models used in 

this study. The objective is to make this natural convection a forced convection by the 

mobility of the upper wall. This made it possible to change the concentration of the state 

parameters in this cavity. This result can be used to make an orientation of the heat in this 

cavity. We note the use of four (4) speeds of the mobile wall in order to see the influence 

of the speed of this north wall on the convection phenomenon. 
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1. INTRODUCTION

The convection with heat source at its center has many 

industrial applications like the flux heat in electronic cards. In 

this configuration the cooling method is natural convection. 

The influence of the main geometric parameters has been 

studied specially the aspect form ratio [1-3]. 

Several experimental and numerical works have been done 

to study convection whether natural or forced [4-6]. Many 

studies on a square cavity have been invested in order to make 

varied the distribution of the concentration and to see the 

distribution of the temperature in different configuration 

especially with heat source. 

Fontana et al. [7] investigate the natural convection in a 

partially open square cavity with internal heat source. They 

show that the heat transfer and fluid dynamics of the fluid are 

extremely affected by the existence of the heat source, when 

the flow is controlled by the heat source there are great 

secondary recirculation zone in internal the cavity. When the 

natural convection is controlled by the extremes difference 

temperature of the walls, the dimension of the secondary 

recirculation zone is it very small.  

Zhan et al. [8] investigate by the numerical simulation of the 

Natural convection in a small cavity with one, two, and three 

heat sources. They indicate that that the number of vortices 

increases and the air temperature increase with supplementary 

heat sources and the heat transfer is enhanced when the heat 

source is close to the center relatively than near the boundary. 

Kuznetsov and Sheremet [9] studied natural convection in a 

rectangular enclosure in the presence of a heat source. He 

found that heat control depends on the size of the generators 

and the position of the heat source. Such a mechanism for 

controlling the thermal regime can be useful in the choice of 

technological solutions for electronic equipment as well as in 

the realization of applied chemical systems. 

Deng [10] studied the heat transfer of natural convection in 

square cavities of discrete source-sink, he found that the total 

heat transfer was closely related to the number of vortices 

created in the enclosure. He observed that when the sources 

and sinks were divided into smaller segments or staggered, the 

number of vortices in the enclosure increased and hence the 

heat transfer becomes significant. 

Among the works cited is the work of Ménard [11] who 

carried out a study in the air based on PIV measurements of a 

square cavity containing a heat source. He notes it possible to 

characterize the flow according to the size of the source. There 

are two types of flow structures. For a small source (h/H=0.2], 

the flow is laminar, stationary and symmetrical. It is formed 

by two ascending counter-rotating cells along the source and 

descending along the walls of the cavity. For a large source 

(h/H>=0.6), the flow is also laminar, stationary and 

symmetrical. But it is composed of two side cells and two 

secondary cells above the cavity. For a large aspect ratio, the 

flow can divide into zones characterized by distinct behaviors. 

The work of Tou et al. [12] studied numerically in 2D case 

a cavity with flux heat for different fluids (Pr=5, 9.25 and 130), 

with different Rayleigh numbers (104≤Ra≤108) and aspect 

form ratios (1≤H/h≤20). They conclude that the effect of the 

Prandtl number is negligible and that the good effective ratio 

is H/h=3. 

In a recent paper by Abdel-Nour et al. [13]. A cavity with 

non-uniform heating with Nano fluid including magnetic 

fields has been studied numerically. He indicated that the 

increasing of Ra, ε, ∅ and Da (Darcy number) increase rate flux 

and decrease with Ha number of Hartmann. The maximum 

flux heat is localized at the center of the two heated sides. 

Varol et al. [14], In his work the finite difference method 

was employed to study a natural convection in inclined cavity 

with heat source localized at the corner. Several numbers of 

Prandtl have been studied. They have demonstrated that the 

increasing of Rayleigh number increase heat rate. And in the 

other hand they concluded that the angle and the length of the 

source govern the maximum or minimum of heat rate. 

Talesh Bahrami and Safikhani [15] have demonstrated that 
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the heat transfer is increasing with the higher Darcy numbers 

and we can improve it considerably by high Rayleigh numbers. 

This article aims to modify a natural convection flow in a 

cavity containing a heat source by moving the upper wall of 

the cavity. 

 

 

2. MATHEMATICAL MODEL AND HYPOTHESIS 

 

Solving the characteristic equations of natural convection 

requires defining several simplifying assumptions. 

In natural convection, the variation in the density of a fluid 

due to its variation in temperature is given by the relationship: 

 

( )0 01 T T  = − −    (1) 

 

β Being the coefficient of thermal expansion defined as 

follows: 
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These simplifying hypotheses make it possible to define the 

characteristic equations of a natural convection problem for 

the stationary regime. 

 

2.1 Continuity equation 
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2.2 Navier-Stockes equations 
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2.3 Energy conservation equation 

 

0T =   (5) 

 

 

3. COMPUTATIONAL GEOMETRY AND BOUNDARY 

CONDITIONS 

 

The geometry and computational lines are summarized in 

Figure 1. The distance H of cavity is fixed to 10 cm and h is 6 

cm for source in this study. In the case of an aspect ratio 

(h/H=0.6). The walls of cavity are maintained at ambient 

temperature Ta=293 k and for walls source is heated at Tc=313 

k. 

The moving north wall of cavity is displaced at the velocity 

V for four cases (V=0 m/s ‘fixed wall’, V=1 m/s, V=5 m/s and 

V=10 m/s). 

A 2-D structural uniform grid has been generated with 6400 

quadrilateral cells Figure 2. 

The numerical simulation was carried out under the 

environment of the CFD code calculation. The algorithm used 

is SIMPLEC to solve the coupling between velocity and 

pressure. 

 

 
 

Figure 1. Computational geometry 

 

 
 

Figure 2. Grid arrangement 

 

 

4. RESULTS AND DISCUSSION 

 

The comparison of the average velocity field measured by 

PIV [1] with the velocity field obtained numerically also 

shows that the case of vertical wall sat cold temperature is the 

closest to the real case (Figure 3). 

 
 

Figure 3. Velocity field in x direction at y=0.09 m 

 

The case 1: The north wall of cavity is fixed velocity V=0 

m/s: It can be seen in this numerical study that the flow is 

laminar, stationary and symmetrical and in addition it is 

composed of two lateral cells and two secondary cells above 

the cavity, as confirmed by the experimental work of Ménard 

[11] (Figures 4, 5). 

The case 3: In Figures 8, 9, the north wall has velocity V=5 

m/s: The increase in speed to 5 m/s of the north wall of the 

cavity influences the morphology of the flow by creating more 

recirculation, thus the temperature distribution becomes non-

homogeneous in this cavity. 
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The case 1 

 
Figure 4. Temperature contour 

 

The case 2: The north wall has velocity V=1 m/s: A speed 

of 1 m/s from the north wall of the cavity leads to the flow 

towards the east wall of this cavity, which leads to a 

modification of the location of the temperature and generates 

non-symmetry in Figures 6, 7. 

The case 4: The north wall has velocity V=10 m/s: The last 

case which is the speed 10 m/s of the north wall of the cavity 

increases the flow speed is the convection becomes forced. 

This will intensify the heat transfer without creating a 

homogenization of the temperature (Figures 10, 11). 

We can retain that the movement of the upper wall of the 

cavity makes the natural convection a forced convection and 

that the heat transfer is more localized on the right. An increase 

in the speed of this mobile wall generates an increase in 

temperature homogenization.   

The evolution of the temperature horizontally (y=0.01 m 

and y=0.09 m) it is symmetrical for a fixed wall and anti-

symmetrical for a mobile wall in Figures 12 and 13. 

The evolution of the temperature vertically (x=0.01 m and 

x=0.09 m) is a straight line which increases from the left for a 

fixed wall whereas this evolution of temperature is more 

complex for a mobile wall because of the forced convection in 

Figures 14, 15. 

In the case of a fixed wall, the flow velocity is almost zero 

(free convection), the mobility of the wall increases the flow 

velocity which will cause the temperature to move (forced 

making) (Figures 18, 19). An increase in wall velocity causes 

an increase in flow velocity (Figures 16, 17).  

In the case of a fixed wall, the flow is symmetrical and the 

convection is free. 

In the case of a mobile wall, the flow is antisymmetric and 

the convection is forced. 

In the case of a mobile wall with a speed of V=5 m/s, the 

flow is more disturbed by the presence of several 

recirculations which are even numerous compared to the 

mobile wall with a speed of V=10 m/s. 

 

The case 1 

 
 

Figure 5. Velocity contour 

The case 2 

 
 

Figure 6. Temperature contour 

 

The case 2 

 
 

Figure 7. Velocity contour 

 

The case 3 

 
 

Figure 8. Temperature contour 

 

The case 3 

 
 

Figure 9. Velocity contour 
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The case 4 

 
 

Figure 10. Temperature contour 

 

The case 4 

 
 

Figure 11. Velocity contour 

 

 
 

Figure 12. Temperature profiles comparison at y=0.09 m 

 

 
 

Figure 13. Temperature profiles comparison at y=0.01 m 

 
 

Figure 14. Temperature profiles comparison at x=0.01 m 

 

 
 

Figure 15. Temperature profiles comparison at x=0.09 m 

 

 
 

Figure 16. Velocity magnitude profiles comparison at 

y=0.01 m 

 

 
 

Figure 17. Velocity magnitude profiles comparison at 

y=0.09 m 
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Figure 18. Velocity magnitude profiles comparison at 

x=0.01 m 

 

 
 

Figure 19. Velocity magnitude profiles comparison at 

x=0.09 m 

 

4.1 Comparison of measurements and calculations of the 

aspect ratio h/H=0.6 in air 

 

The comparison of the average velocity field measured by 

PIV with the velocity field obtained numerically also shows 

that the case of vertical wall sat cold temperature The 

minimum velocity peak at x=0.05 m indicates the cold fluid 

descending at the interface of the two upper cells. 

Near the walls, the negative velocity peaks come from the 

descending part of the lateral recirculation cells. From these 

the figure presents a comparison of the experimental and 

numerical results (vertical walls) for the vertical component of 

the velocity above the source (y=90 mm). The two speed peaks 

correspond to the interface of an upper cell and a side cell. 

Two peaks, the vertical speed varies linearly until it 

becomes zero at the wall. In the boundary layer at the East 

vertical wall as well as in the rest of the profile, the 

calculations agree with the PIV and LDV measurements is the 

closest to the real case. But only the case with cold vertical 

walls makes it possible to find lateral cells whose minimum 

and maximum values of the vertical component of the velocity 

remain greater in absolute value than 2.10-2 m/s over the entire 

height of the source. 

The Figure 20 presents the contours and streamlines of the 

speeds and temperature for different speeds of the moving 

upper wall for different cases. 

For the case 1, the north wall of the cavity is at a fixed speed 

V= 0 m/s: It is observed that the flow is laminar, stationary and 

symmetrical and composed of two lateral cells and two 

secondary cells above the cavity. 

For case 2 where the north wall has a speed V=1 m/s we 

observe a morphology of the flow by creating the displacement 

of the fluid with less recirculation, thus the temperature 

distribution becomes non-homogeneous in this cavity. 

For case 3, the north wall has a speed V=5 m/s we notice 

that the movement of the wall generates more recirculation can 

be observed clear in the streamline’s configuration, so the 

temperature distribution becomes non-homogeneous in this 

cavity. 

For case 4, the north wall has a velocity V=10 m/s the north 

wall of the cavity increases the flow velocity and the 

convection becomes forced. This will intensify heat transfer 

without creating temperature homogenization. It can be noted 

that the movement of the upper wall of the cavity can generate 

natural convection (fixed wall) and forced convection by an 

increase in the speed of the upper mobile wall. 

 

Velocity V=0 m/s 

 

 

Velocity V=1 m/s 
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Velocity V=5 m/s 

 

 

Velocity V=10 m/s 

 

 

Figure 20. Comparison for the four cases (Temperature, Velocity and stream-line) 

 

 

5. CONCLUSIONS 

 

This parametric study made it possible to explore the 

influence of different characteristic lengths. Thus, the values 

of the lower, lateral and upper confinement have a low impact 

on the heat transfer to the walls. 

Conversely, the width and height of the source have a more 

significant influence. Increasing the width of the source allows 

the formation of two secondary cells located between the 

source and the ceiling. This change in topology increases the 

efficiency of heat transfer to the ceiling. Indeed, while in the 

reference case, the impact of the plume generates a heat 

transfer peak on the ceiling, the presence of four counter-

rotating cells gives rise to two heat transfer peaks. The 

influence of the height of the source is even greater. Increasing 

the height of the source amounts to increasing the motor term 

of the two recirculation cells. From a height h=0.6 H, the 

acceleration of the flow allows the development of two 

secondary cells above the source. 

These “crush” the side cells which can no longer reach the 

ceiling. This modification of the flow modifies the distribution 

of the heat transfer. 
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