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Abstract

Numerical study of MHD flow and heat transfer of a Herschel-Bﬁlkley fluid in pipe
(With different thermal boundary conditions)

Musa Heidarnataj Bace

A number of industrially important fluids such as molten plastics, polymers, pulps and foods
exhibit non-Newtonian fluid behavior. Due to the growing use of these non-Newtonian
materials, in various manufacturing and processing industries, considerable efforts have been
directed towards understanding their flow characteristics. The problems of non-Newtonian
fluids flow and heat transfer in the presence of an external magnetic field is of great interest in
many engineering applications.

In this project, the heat transfer of incompressible, electrically conducting, Herschel-Bulkley
non-Newtonian fluids through two-dimensional circular pipes in the presence of an external
uniform magnetic field steady laminar flow is considered. In this analysis, the continuity,
momentum and energy equations are solved by using a finite volume method and SIMPLE
algorithm in which convection terms applied by using the power-law scheme. Two cases of
the thermal boundary, constant temperature and constant heat flux at the wall, are considered.
The viscous and Joule dissipations are taken into consideration in the energy equation. A
numerical solution for the governing partial differential equations is developed and the
influence of the magnetic field, flow behavior index (n) and initial yielding stress on the
velocity distribution, the friction factor and the Nusselt numbers are discussed. Also the
influence of the viscous and Joule dissipations on the Nusselt numbers is investigated.

The results show that the magnetic field has a damping effect on the flow for all values of n
and initial yielding stress. Increasing "Hartmann number" and initial yielding stress decrease
maximum fluid velocity and increase friction factor, but when Brinkman number is equal
zero, the Nusselt number is increased. Increasing n increases maximum fluid velocity and
friction factor, when Brinkman number is equal zero, the Nusselt number is decreased.

The increment in the Brinkman number decreases the value of Nusselt number for all
Hartmann number, n and initial yielding stress.

Keywords: Numerical solution, MHD flow, Heat transfer, Herschel-Bulkley fluid
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