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Title of Thesis

Experimental and Theoretical Study for the effect of the external magnetic field on the natural
convection heat transfer inside cavities

Abstract of Thesis:

In this study the effect of the external magnetic field on the natural convection heat transfer inside three
different shapes of cavities (square and rectangular) is studied theoretically and inside rectangular cavity is studied
experimentally. Hydrodynamics and heat transfer characteristics for steady state, two dimensional. incompressible
flow and constant fluid properties are considered. All these cavities different in shape of the section and volume,

and for all cavities the Characteristic height (H) is constant while the length (L) is differ. The aspect ratios ( % ) for

square and rectangular cavity are equal to (1 and 0.5). The magnetic field density is the source of the magnet, the
magnet is composed of a C-type core and a winding with N turns. The cavity cornered between the poles of a
magnet, The boundary condition of the cavity bottom wall is a constant heat flux and the four side walls of cavity
is isolated while the upper horizontal wall of cavity for theoretical analysis are kept at constant temperature equal
to (T,)and for experimental pan at ambient temperature. The main parameters for this study are : Prandtl number
(Pr=0.71-5.77). Rayleigh number (Ra= 103 — 10° for laminar flow, Ra=107 — 10°? for turbulent flow ). And the
Hartman number (Ha= 0 - 100 ). The momentum equations and energy equation are solved by using the finite
element method with FlexPDF software package. The flow structure is visualized through the streamlines, and the
heat transfer process is visualized using the isotherms lines. The overall thermal performance of the cavity is
analyzed through the mean Nusselt number.

For a better understanding of the effect of magnetic field on the heat transfer process the streamlines and isotherms
are applied firstly without magnetic field and then with magnetic field. The obtained results showed that the
average Nusselt number decreases with an increase of the Hartmann number and increases with increase of the
Rayleigh number and aspect ratio . found that The heat transfer rate decreases on increasing the strength of the
magnetic field and The heat transfer rate increases on increasing the Rayleigh number and aspect ratio. The results
of streamlines, isotherms and average the average Nusselt number are compared with available results of
(Mehrabian (2009)[67]), an excellent agreement has been achieved.

The experimental results for average Nusselt number (at turbulent flow of experimental) of the rectagular cavity
with various values of the Hartmann number Ha=(0.0693,0.1835,and 0.2044) for Rayleigh number (Ra = 5 * 108)
is compared with the present theoretical analysis the results showed a good agreement.







