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Summary

In the recent Years, studying the natural convection
current has been considered 45 one of the most important
standard phenomenon in the solidification of casting and
ingot processes. This phenomenon plays an important role in
the formation of macro/microstructure which will affect the
mechanical properties 0f cast structures dand also will
affect macrosegregation which deteriorates the quality of
final products. It has been shown that natural convection
current depends mainly on the constitution of the alloy
System, the composition of alloy, the thermal parameters of

alloy and the superheat.

The present work aims at studying the effect of natural
convection during the solidification pProcesses on the
temperature distribution and the velocity profiles in
Al-4.5% Cu and Al-12% si alloys solidifjed directionally at
different superheats and todescribe the effect of convection

on the Bacro/microstructure and segregation.

For this Purpose a mathematical model was set to
describe the fluid flow and heat transfer phenomena during
solidification Process for two -~ dimensional rectangular
mould cavity. The model used to determine the temperature
distribution and the velocity profiles as a function of

time.

An experimental set up was designed constructed,

calibrated and then used for specimen preparation in which
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temperature measurement in seven Predetermined positions was
achieved. Two alloys Al-4.5% Cy and Al-10% si are used.
These rectangular Specimens 80x40x20 mm in the length,
height and width respectively were directionally solidified

d4gainst a steel end chill using the constructed apparatus.

The process variables taken inte consideration are
- Superheat of the melt : ranging from 20 to 75°¢C.

- Alloy constitution.

In Al-4.5% Cu the volume fraction of the second phase
(Cu Alz) and the grain size were measured. The resylts for
different superheats indicate that the volume fraction
increases in the lover part of the specimen and as the
superheat decreases and also it decreases as the distance
from chill increase until the steady state valuye is reached.
The results indicate also that the grain Size increases as
the superheat decreases and also increases as the distance

from chill increases.

In A}-12% Si the volume of fraction of (primary Si) vas
measured. The results for different Superheats indicate that
the volume fraction increases for the lower part of the

ingot as the superheat decreasss.

In the present vork, comparison between experimental
and computed results of cooling curves was made. It also
includes the different solidification parameters at
different phases, the shape of liquidus and solidus isotherm

and the relation between the heat transfer coefficient and
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time and chill temperature. Additionally, it includes the

convection velocity proftles with time.

A general discussion is presented including the effect
of temperature gradient on the velocity modes and also the
effect of convection on solidification Process,
macrosegregation and grain size in viey of the convection

current velocity and formation of new crystals.
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INTRODUCTION

There 1is true bastic that the natural convection
Currents phenomenon ijs inherently associated with the
majority of sclidification Processes which are driven by
density fluctuations in the fluid that are induced by
inhomogeneous temperature distribution or different impurity
concentration within the system. Naturai convection currents
can be classified into tvo categories the first is thermal
convection due to the temperature gradients and the second
is solute convection due to the solute gradients which its
effect in hyper-eutectic alloys is higher than in

hypo-eutectic and eutectic alloys.

The convection currents affect mainly the structure of
casting where the importance of generated convective flow is
usually desirable to obtain fine grained equiaxed structure
in casting as the convection currents help develop equiaxed
Zones. The solute convection also affects the Solute
redistribution (macroseqregation) in the fluid during

solidification and cause some of macrosegregation types.

For treating this phenomenon to predict by the the free
convection currents and to get more detailed information
about the solidification Processes such as controlling grain
structure in cast metal, the explaining the mechantism of
transition from columnar to equiaxed Zone in ingots and the
macrosegregation such as gravity segregation and Normal

segregation , a mathematical model is set and solved.
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