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1. INTRODUCTION

Mixed convection in cavities represents a topic of confirmed practical interest. Many technological applications are
concerned, particularly in the case of cooling electronic components. The review of the literature concerning mixed
convection in ventilated cavities shows that the subject still remains to be explored. The interaction of shear flow due
to wall motion and natural flow due to buoyancy effect is a fundamental research area so far and requires
comprehensive analysis to understand the physics of the resulting flow and heat transfer. Currently, mixed
convection in closed cavities has been the subject of several theoretical, experimental and especially numerical
studies. Ghia et al. [1], Shaw [2], Aydin and Yang [3], Hsu and Wang [4] and Guo and Sharif [5] have carried out
numerical studies on mixed convective heat transfer in enclosure. Emphasis is placed on the influence of the
governing parameters, such as Reynolds number, Re, buoyancy parameter, Gr/Re2, location of the heat sources, and
the conductivity ratio on the thermal phenomenon in the enclosure. V. Sivakumar et al. [6] Cheng and Liu [7] have
studied numerically several different values of the heat source length, the aspect ratio of the cavity, as well as
symmetric and asymmetric placement of the heat source were considered. Kareem and Gao [8], Yang and Du [9]
were interested in the use of nano-fluids to improve heat transfer and ensure better cooling. For this same purpose,
the present study considers a square cavity with constant heat source on the bottom and isothermal sidewalls moving
in opposite directions. It is then, a question of determining the relative influence of the two modes of force (buoyant
force and shear force) on the heat transfer induced and to evaluate the improvements generated.

2. MATHEMATICAL FORMULATION
2.1.  Problem description

The physical model considered here is shown in Figure (1). The enclosure represents a practical system such as an
air-cooled electronic device, where the moving sidewalls are an idealization of the cold airflow along the sides of the
cavity. It consists of a square cavity with length L, whose sidewalls are moving in the opposite direction with a uniform
velocity, Vo, and are kept at a constant temperature (Tc) The lower wall has an embedded symmetrical heat source
(Th), and length 1. The remaining parts of the bottom wall and the entire upper wall are adiabatic. The flow in this
cavity is induced by the shear force resulting from the movement of the side walls combined with the buoyancy force
resulting from the heat source.
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Figure 1. Schematic diagram of the physical system
2.2, Mathematical model

The following assumptions are considered: The flow is two-dimensional, laminar, the fluid is Newtonian and
incompressible (Pr = 0.71). The heat transfer by radiation, the work induced by the viscous and pressure forces are
negligible and the physical properties of the fluid are constant except the density, which obeys the Boussinesq
approximation in the term of the Archimedes thrust. The governing equations can be expressed in the dimensionless
form as:

oU /dX + aV/dY = 0 (Eq. 1)
UaU JdX + VaU/aY = —dP /X + 1 /Re (92U/dX? + 92U/ dY?) (Eq. 2)
UaV/dX + Vav/aY = —aP/dY + 1 /Re (32V/dX? + 92V/aY?) + (Gr/Re?) @ (Eq. 3)
UST/IX + VAT/3Y =1 /PrRe (0*T /9X? +92T /9Y?) (Eq. 4)

All distances are normalized by L, all velocities are normalized by Uo, and pressure is normalized by pU0?; p being
the fluid density and heat source length € = [/L.

X=%5Y=%U=u/U0;V=v/V0
The boundary conditions for the present problem are specified as follows:
On the upper wall
dT/dy = 0; U =V =0 for:0 < x < Lety =1L
At the right and left wall levels
T =Tc;U =0andVL = VO,VR = -V0 for: =0, x=L and 0<y</
At the heat source part on the bottom wall
T=Th and U =V =0 for: 04L < x < 06L and y =0
At the levels of the adiabatic parts of the lower wall
dT/o0y = 0and U =V =0 forr0 < x < 04L , 06L <x < Landy =0
Where: V,, Vg: represent the velocity of the left and right walls respectively
The local heat transfer coefficient is defined by h(x) = g/ (Th(x) — T¢) at a given point on the heat source surface
where Th(x) is the local temperature on the surface.

2.3. Numerical resolution

The commercial finite volume-based code "ANSYS-FLUENT" is used to solve the mathematical model. The
normalized length of the constant flux heat source at the bottom wall, “e” is varied tobe 1/5, 2/5, 3/5, and 4/5. Firstly,
computations were performed at Ri = 0.1, 0.5, 1, 2 and 10 and keeping the Reynolds number, Re, fixed at 100. To
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allow grid independent examination, a numerical procedure has been conducted for different grid resolutions. A
comparison is made with the numerical results found by Ghia et al. [1] and Aydin and Yang [2] for a velocity relative
to the median plane and dimensionless vertical velocity profiles, respectively. It was concluded that the grid system
of (150 X 150) is fine enough to obtain accurate results. Moreover, a non-uniform grid mesh is used, which is finer in
vicinity of the source and vertical walls in order to increase the accuracy of the results.

3. RESULTS AND DISCUSSION
3.1.  Effect of Richardson number and heat source length on streamlines

The governing parameters are Richardson number and heat source length. Investigations through the cavity are made
for ranges of Richardson number from 0.1 to 10 at Re=100. In each case, the flow rises on the left side rubbing the
left movable side wall and turns horizontally after being blocked at the level of the adiabatic upper wall to then follow
the direction of movement of the right side wall hence the formation of a single vortex where the direction of
recirculation is that clockwise. Figure (2) shows examples of representative results. Mixed convection regime
becomes more discernible with the shift of isotherms to the left. Beyond Ri = 0.5, the buoyancy starts to show its
effect on the transport and become comparable to shear effects up to values lower than 2 [3]. For all dimensionless
source lengths "¢", the geometry of the flow field is not affected considerably by changing Ri and heat source length;
however the temperature field is. For this reason, the evaluation for all the cases is based on the isotherms.
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Figure 2. Streamlines for mixed convection case with, respectively
(e=1/5Ri=0.5),(e =1/5,Ri=2), (e =4/5 Ri=0.5), (e = 4/5,Ri = 2)

3.2.  Effect Of Richardson Number And Heat Source Length On Isotherms

The convection region adjacent to the heat source becomes thinner and denser producing higher temperature
gradients with increasing Ri (figure 3). Similar behavior is also observed for cases with other values of "¢" and Ri.
Isotherms become denser on the right side of the source following the crossing of the two forces which induced a
movement of the latter towards the left side.
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Figure 3. Isotherms for mixed convection case with, respectively
(e=1/5,Ri=0.5), (e =1/5Ri=2), (e =4/5,Ri=0.5), (e = 4/5, Ri = 2)

3.3. Effect of Richardson number and heat source length on Niisselt number

The effect of increasing Richardson number and the heat source length on the Niisselt number for the different
simulations are shown in figure (4). The Niisselt number along the bottom heated wall of the cavity increases
continuously with increasing Ri and heat source length.
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Figure 4. Niisselt number for different Ri.
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3.4. Asymmetry

Figure (5) shows a case of walls with opposite directions (left upwards and the right downwards) with representative
values: Ri=0.1 and Re=100, in the case of asymmetric placement of the heat source. The streamlines form cells
rotating in a single direction, which are favored by the opposing movement of the walls. Asymmetry is obvious,
depending on the position of the heat source.

Figure 5. Asymmetry effect of the heating element on streamlines (d/L=0.4, d/L=0.2)

The isotherms are denser on the right side of the source and move towards the left (figure 6), Nusselt number
increases as the source moves more and more towards the side walls (Figure 7); the cooling process becomes more
efficient.
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Figure 7. Asymmetry effect (d/L) of the heating element on the Niisselt number

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 2302

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(4)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

4. CONCLUSION

This study focuses on mixed convection in a square cavity, with heat source at the bottom and isothermal vertical
sidewalls moving in opposite directions. Generally, the resulting flow consists of a single vortex, where the direction
of recirculation is that clockwise. The geometry of the flow field is not affected considerably by changing Ri and heat
source length, however the temperature field is. The isotherms become denser on the right side of the source following
the crossing of the two forces, which induced a movement of the latter towards the left side of the cavity, which also
explains the propagation and orientation of the heat from the source towards the left, compensating with the bottom
corner. Of course, the heat-affected region becomes larger with the increasing heat source length. For the asymmetric
configuration, a change in the flow inside the cavity is observed, the maximum temperature decreases and Nu
increases as the heat source becomes more and more asymmetric. The closer an electronic component is located
adjacent to the sidewalls, the better the cooling effect or heat removal is achieved.
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