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suitability of using light weight materials to manufacture extruder components
was also investigated. The stress and deformation induced on the
components, due to extrusion pressure, was analysed using FEA and
suitable alternative materials were identified. A cost comparison was then
made for different extruder materials. The results show potential of significant

technical and commercial benefits to the ceramic industry.
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1.1 Bricks

Ceramic products like bricks, pipes and tiles have been used extensively in
the construction industry for many years. The demand for ceramic products
especially bricks have rapidly increased over the past few decades due to
the excessive growth in population. This burgeoning demand has opened up
a huge market potential for ceramic industries to thrive upon. In order to
utilise the market potential to its full capacity, the brick industry needs to
overcome some key challenges like better and efficient production methods,
reduction of energy usage during manufacturing and reduced impact on
environment through sustainable operation. The ceramic industry, compared
to its predecessors has made significant and laudable changes in terms of
production techniques and machines used. The modemn industry is
incorporated with completely automated production process and looks
entirely different from how it was in the olden days. Energy efficiency in its
operation is still an arduous task that needs to be accomplished. It requires
an integrated effort from all the entities embedded in its entire supply chain,
which includes raw material suppliers, other major systems and equipment
providers. Brick industry, being energy intensive, faces an increasing
pressure from the government and environmental organisations for reducing
its environmental impact, by cutting down its energy consumption and
emissions. This in turn has increased the scope for further research works in
this field and a definite need to identify key areas in the brick manufacturing
process and improve their performance.

1.2 Aim

The main aim of this research work is to assess and improve the design of
auger extruders used in clay extrusion process using computational fluid
dynamics (CFD) and Finite Element Analysis (FEA).

1.3 Objectives

The main objectives of this research work includes,

e Conduct a thorough literature search on previously completed
research works in the clay extrusion process.
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Chapter-2 Review of existing work for
ceramic extrusion



2.1 Introduction

The aim of this chapter is to provide a comprehensive review of scientific
works undertaken by academic researchers and industrial professionals,
focused on studying the flow parameters of clay and assess the performance
of extruders using numerical and empirical methods. The results obtained
and conclusions drawn from their studies are presented and discussed. The
review is based on three key areas that are necessary to build and simulate
a CFD model successfully; that includes numerical modelling methods for
simulating clay extrusion or a ceramic shaping process, experimental studies
conducted to assess key performance variables (like extrusion pressure)
involved in ceramic shaping process and works related to rheological
characters of clay-water syétem.

Even though there are different types of mechanical systems, which are
termed as extruders, were used in the process of shaping, discussed briefly
in Appendix- D, henceforth in this report the term extruders commonly refer
to auger extruders, unless and until specified. The extruder system
considered for this research work is vacuum type de-airing extruder, falls
under the category of stiff extruders used in the heavy clay structural ceramic
industries.

Due to the limitation in the availability of published works, that specifically
discuss the simulation of the extrusion process and design assessment of
extruders using CFD based numerical modelling technique, most of the work
discussed here do not have direct relation to this research work. However it
presents the reader with various scientific approaches and methods that
were used and how significant those works were to the methodology used
and results obtained from the numerical modelling approach undertaken:
through this research work.

2.2 Modelling and simulation of extruder system

Zhang et al. (2011) have investigated the process of clay extrusion in a de-
airing type extruder, using CFD technique. In their research work they
investigated the velocity of the clay material, during the process of extrusion,
along the entire length of the auger and have assessed the variation of clay

6



velocity along the radial and longitudinal direction within the extruder
chamber. They have also studied the effect of varying moisture contents and
the auger speed on the velocity of the clay within the extruder chamber. In
their work they have used a Bingham Fluid model to represent the flow
physics of clay and water mixture and have assumed the flow process to be
isothermal and laminar. The effect of gravity and inertial force were not
accounted for in their model. Using a 3-D model with an unstructured T-grid
mesh, they have solved their model in FLUENT-CFD solver and have

presented their results.

It is understood from their work that the velocity of clay particles varies both
along the longitudinal and radial directions of an extruder chamber, during
the process of extrusion and also depends upon the moisture condition of the
clay.

They have also predicted from their model that the velocity of clay near the
wall zones (both at the hub's outer edge and barrel's inner edge) is almost
zero and the maximum value is observed in the middle (area between hub
and the barrel); which is demonstrated by the formation of an oval shaped

pattern for the velocity of clay at different sections of the auger.

The formation of the secondary flow zone (a circular flow pattern), as
discussed by them- demonstrates the plastic and elastic properties
possessed by the clay during extrusion. The change from elastic zone to
plastic zone is subjected to shear force experienced from the extruder
components.

They have concluded from their study that the radial velocity is an important
component for the mixing and plasticity of the material and the axial velocity
is important for discharge rate. They have also mentioned that both these
velocity components are influenced by the moisture content in the clay
material used.

Hedley (2009) attempted to study the flow of clay through full scale de-airing
type vacuum extruders using CFD technique. In his work he has used a 3-D,
multiphase laminar flow approach and Herschel-Bulkley's fluid model to

define the flow physics of the clay. He has assessed the dynamic pressure
7
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the form of either a Bingham or Casson model. Figure 2-5 shows typical

viscosity profiles of materials that follow the above mentioned fluid models.

x10°

wW

shear viscosity n [Pa]
o

|
h

Bingham
2

N C
.

-t

0 2 4 6 8 10
shear ratey [s"]

Figure 2-5 Viscosity profile for Bingham and Casson model fluids
[Source: Handle, 2007]
[Note: Unit for Shear viscosity is Pa.s, it is misprinted as Pa in the above picture]

Continuity equations for mass, momentum and energy, proposed by the
authors are based on incompressible, Bingham fluid model. The reason for
including the energy equation in the numerical model is because the
viscosity of ceramic material is temperature dependent. He recommends that
the accurate definition of ceramic material properties like density, viscosity
and specific heat capacity at constant volume and specific heat conductivity

is a vital part in ceramic extrusion process simulation.

Bouzakis et al. (2008) have investigated the stress distribution on the
surface of a die mandrel, during the process of extrusion, using experimental
and numerical modelling techniques. Using Finite Element Method (FEM)
based numerical simulation (DEFORM); they have assessed the clay sliding
velocity; various stress elements and its distribution on the surface of the
mandrel. They have also compared the results obtained with the

experimental results. Figure 2-6 shows the investigated model and results
obtained.
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