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Nomenclature 
 

C - empirical constant in turbulence model; g – gravitatio-

nal acceleration; k  - turbulent kinetic energy; lμ, lε – tur-

bulence length scale; L - width of the cavity; Nu(y) - local 

Nusselt number; Pr - Prandtl number; T - temperature;  

u - fluid velocity component in x-direction; u'v' - Reynolds 

stress; 
i

u T   - turbulent heat flux; v - fluid velocity compo-

nent in y-direction; Vo - buoyancy velocity g H T  ; 

w - fluid velocity component in z-direction; x, y, z – Car-

tesian coordinates; X, Y, Z - dimensionless co-ordinates; 

T - temperature difference T = Th - Tc, Ra - Rayleigh 

number 

greek letters– 

 - thermal diffusivity;  - thermal expansion coefficient; 

ε - turbulent energy dissipation rate;  - dynamic viscosity; 

 - kinematic viscosity;  - fluid density 

 

1. Introduction 
 

The Study of the heat transfers by natural convec-

tion in the square cavities aroused an essential interest 

during these last decades. This interest is dictated by the 

role played by such configuration in various domains: The 

cooling of electronic components, air conditioning, the 

heat exchanges, the thermal power plants, the insulation 

systems, etc. Several works were realized numerically, 

others experimentally. The prediction of the behavior of 

these flows requires the thorough knowledge of the physi-

cal phenomena which occur in this closed cavity. The 

natural convection in heated cavities differentially to the 

numbers of Rayleigh until approximately 109 was experi-

mentally examined [1-8]. The steady laminary flow of 

these flows is studied well. However, in most of the appli-

cations, the flows are unsteady and turbulent. The current 

researches are Numerical [1-2] and experimental [3-4]. 

These studies give a big and useful database for the valida-

tion of numerical simulations. During the 90s, a difference 

was observed between experimental results and 2D of the 

DNS (Direct Numerical Simulations) [9].  

In this context, many numerical studies were 

made by using the Direct Numerical Simulation [9], and 

Large Eddy Simulation [10-11] for the 3D and for the 

turbulent flows.  

Numerous authors [6-7] studied numerically the 

laminar natural convection in totally opened cavities. Penot 

[2] analyzed the same problem for Grashof numbers going 

from 103 to 105. Chan and Yours [15] studied the natural 

convection in totally opened square cavities, having two 

walls Horizontal adiabatic and the other vertical wall. On 

one year later, the same authors [16], by realizing another 

study on other cavities and by comparing it with the square 

cavities, found that the cavity, studied by [15], gave satis-

factory results specially to large Rayleigh numbers. Miya-

moto and al. [13] studied the convection in square cavities 

partially and totally opened, among which three walls were 

isothermal, in different angles. Bilgen and Oztop [14] 

studied the natural laminar convection in the oblique par-

tially opened square cavities, of which the opposite wall in 

the opening was isothermal and two others were adiabatic. 

They studied the influence of the position size and of the 

opening, the number of Ra [103-106]; and of inclination of 

the cavity. 

Azzi and al. [20] studied the laminar and turbulent 

natural convection in the internal of a square heated cavity 

differentially. The results belonged in good agreement with 

those of Ampofo and Karayiannis [18] for the turbulent 

part, and to those of De Vahl Davis [19] for the laminar 

part. Ampofo [18], realized an experiment on the square 

cavities filled with air and partitionnées on the side of the 

hot wall, The obtained results were very good, and are 

used as a benchmark for the validation of the codes of the 

Computational Fluid Domain. The objective of our study is 

to test the behavior of Numerical program CAVITY by 

comparing the results of the heated cavity differentially 

(De Vahl Davis [19]). In the second stage the code is used 

to see the effect of the heated partially wall on the structure 

of the flow and the thermal transfer. 

 

2. Models and boundary conditions 

 

2.1. Mathematical model and numerical method 

 

Incompressible fluid flows are governed by the 

Navier - Stokes equations. These equations relate the speed 

and the pressure in every point of the flow. Four unknown 

functions must be determined: the three components of the 

vector speed and the pressure. This paragraph is devoted to 

the presentation of the results of the tested case; laminar 

natural convection in a square differentially heated cavity. 

The fluid is the air (Pr = 0.7), both top and bottom 

walls are adiabatic, while the right and left walls are main-

tained at constant temperatures of the order of 10 and 50°C 

respectively. The flow and the heat transfer are represented 

by the stream lines and the isotherms. 

CAVITY is a numerical house solver developed 

in the Laboratory of Naval Aero Hydrodynamics (USTO, 

http://dx.doi.org/10.5755/j01.mech.22.2.12215
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Algeria), based on the Fortran and using the finite differ-

ence method to solve the Naviers Stokes equations. The 

code uses the discrete formulation Psi-Omega in the sec-

ond order, on structured 2D numerical grids. The resolu-

tion of the algebraic system of equations is made by a 

successive method of relaxation. The current version is 

limited to two-dimensional incompressible fluids in lami-

nar regime. The buoyancy effect (natural convection) is 

supported through a source term incorporated in the mo-

mentum equations in agreement with the Boussinesq ap-

proximation.  

 

 
 

Fig. 1 Calculation Domain and boundary conditions 

 

2.2. Optimization of the mesh 

 

The optimization of the mesh consists on choos-

ing the one who converges best giving good results, and 

who consumes the least possible of time CPU. For this, we 

conducted a simulation of the differentially heated cavity 

for a Rayleigh number equal to 104. We used four compu-

ting grids ranging from single to double, and we traced the 

evolution of the Nusselt number on the heated wall. The 

grids have the following sizes: 20.20, 50.50, 100.100, and 

200.200. According to the Fig. 2, which represents the 

evolution of the Nusselt number, it is clear that the 100.100 

grid produces results appreciably the same as that of the 

upper grid with less computing time. This grid will be 

adopted for the rest of the calculations in this study. 
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Fig. 2 Evolution of the Nusselt number on the heated wall, 

of the differentially heated cavity. Comparison of 

the results of four computing grids 
 

3. Validation 

 

For the validation of the numerical program, we 

conducted a study of differentially heated cavity at Ray-

leigh numbers ranging from 104 to 106. Table 1 shows the 

comparison of the average Nusselt number by comparing 

the results of the present study with those of De Vahl Da-

vis [19]. Analysis of the results shows that the calculations 

of this study are very satisfactory compared to this test 

cases (Nusselt). As an example, the Fig. 3 shows the struc-

ture of the thermal field through the plot of the isotherms 

of the cavity at Rayleigh equal to 104 and 106. The cases of 

higher Rayleigh numbers show more pronounced tempera-

ture stratification. 
 

Table 1 

Validation of the average Nusselt number 
 

 104 105 106 107 

Vahl Davis 2.243 4.52 8.8 16.4 

The present study 2.246 4.405 8.157 15.780 
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Fig. 3 Isotherms of  the differentially heated cavity 
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Fig. 4 Evolution of the local Nusselt number along the 

heated face according to the percentage heating, the 

case of Ra = 104 
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4. Results and discussions 

 

4.1. Laminar flow 

 

The Nusselt number is defined as: 

 
 h c

L T
Nu y

T T x







,  0x  . (1) 

And the averaged Nusselt number as: 

 
0
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y
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  . (2) 

After validation and review of results obtained for 

the classical differentially heated cavity, we conducted a 

parametric study by changing the portion of the heated 

wall which will be 20, 40, 60, 80 and 100%. The purpose 

is to see the effect of the partial heating on the structure of 

flow and the heat transfer.  

The calculation is conducted for the Rayleigh 

number equal to 104, and shows that a large temperature 

gradient at the bottom of the cavity and which decreases by 

going upward. This behavior is in agreement with the visu-

al examination which shows that the thermal boundary 

layer is thin at the bottom of the cavity and thicker upward. 

By applying a partial heating, we note, by all the cases, the 

appearance of peaks on either side of the heating zone. 

This behavior is in agreement with the development of the 

thermal boundary layer at the borders of the heated area. 

Another finding confirms that the level of the local Nusselt 

number values is higher for the low heating portions than 

for the large ones. The Fig. 5 shows the plot of isotherms 

for the case R = 104 and for the different partial heating 

levels. 
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Fig. 5 Isotherms for different cases of partial heating at Ra = 104 
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Fig. 6 Changes of temperature on a horizontal line at mid-

height of the cavity 

 

In this case at low Rayleigh number, we note the 

small effect of partial heating on the thermal field structure 

with a slight deformation of the isothermal lines marrying 

and enveloping the heated portion. The right zone corre-

sponding to the cold wall remains substantially unchanged. 

The Fig. 6 shows the evolution of the temperature 

on a horizontal line situated exactly in the mid-height of 

the cavity. The plot shows a lower level of temperature in 

the center of the cavity for the case of the lower heating 

(20%). This level increases with the increase of the partial 

heating with almost little difference between the cases 80 

and 100%. Table 2 shows the values of the average Nusselt 

number for the case Ra = 104and for the different partial 

heating levels. 
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Table 2 

Effect of the partial heating on the average  

Nusselt number, Ra = 104 

 

heating 20% 40% 60% 80% 100% 

Averaged Nu 1.408 1.807 2.057 2.195 2.246 

 

The values of the average Nusselt attest the low 

thermal transfer level for the cases with low partial heating 

with an increase to as the percentage of the heating in-

creases. The value of the low case (20%) is almost of half 

of that of the complete heating (100%). In order to com-

plete the investigation of the laminar case, a similar study 

was conducted for a Rayleigh number slightly higher but 

always in the laminar zone. Table 3 shows the evolution of 

the average Nusselt number according to the level of the 

partial heating for the case Ra = 106. Here we see the same 

proportional dependence between the average Nusselt and 

the level of the heating with a value of the cases (20%), 

almost of half of the cases (100%). 

 

Table 3 

Effect of the partial heating on the average  

Nusselt number, Ra = 106 

 

heating 20% 40% 60% 80% 100% 

Averaged Nu 4.165 5.866 7.056 7.829 8.157 

 

The structure of the thermal field for this case is 

shown on the Fig. 7. 
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Fig. 7 Isotherms for different cases of partial heating at Ra = 106 
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Fig. 8 The streamlines and the velocity vectors for two partial heating levels and for two Rayleigh number. Ra = 104 
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For this case at Rayleigh relatively high and char-

acterized by a stratification of the temperature, we notice a 

rather considerable change caused by the partial heating. It 

is clear from this figure that the lower half of the cavity is 

immersed in much lower temperature than the upper half. 

This phenomenon can be explained by the physics of the 

natural convection that stipulate that the air particles in the 

vicinity of the hot wall migrate upward by transporting 

with them the heat given up by the hot wall. The lower part 

of the cavity, surrounded by the adiabatic walls, and with 

the cold wall remains in an atmosphere colder than that of 

the upper part. To complete the presentation, Figure 8 

shows the streamlines as well as the velocity vectors of 

two partial heating levels (20 and 80%) and for the two 

Rayleigh numbers studied (Ra = 104 and 106).  

 

5. Conclusion 

 

A numerical investigation of the laminar natural 

convection inside a differentially heated square cavity was 

the subject of this article. For this laminar flow the terms 

of the buoyancy are modeled by the well-known Bous-

sinesq approximation. The results of the laminar flow 

calculation show that the present study provides very well 

the solutions of the test case. The effect of the partial heat-

ing applied to the hot wall was examined for a range of 

Rayleigh number going from 104 to 106. The heating was 

applied at 20, 40, 60, 80 and 100% of the hot wall. The 

results of this investigation show that the partial heating 

has an important influence on the structure of the flow and 

on the heat transfer inside the cavity. This effect is even 

more intense than the Rayleigh number is important. 
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S. Tabet  

 

NATURAL CONVECTION IN PARTIALLY HEATED 

SQUARE CAVITY 

 

S u m m a r y 

 

Numerical investigations were led in a square 

cavity (L = 1), filled with air, of which a partially heated 

wall, by using a numerical code based on the finite differ-

ence method. The length of the heated part, at constant 

temperature, varies from 20% to 80% of the total length. 

The opposite vertical wall is supposed cold. The two other 

horizontal walls are thermically isolated. The calculation is 

made in laminar flow for Rayleigh number ranging from 

104 to 106. For the validation, a preliminary calculation of 

the differentially heated cavity is successfully confronted 

with the works listed by De Vahl Davis. The outlines of 

temperature, the vectors speeds and the evolution of the 

Nusselt number are presented for various Rayleigh number 

while limiting itself to the laminar case.  

 

Keywords: natural Convection, Rayleigh number, finite 

differences. 
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