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ABSTRACT

This thesis presents the investigation and application of porous media mechanics
and elasto-plastic constitutive theory for the crushing of prepared sugar cane using
finite element simulation. This research specifically investigates the experiments carried
out on C. R. Murry Advanced Experimental Milling Facility using cane that has also
passed through a series of basic tests to characterise its properties for the computational
models. For isotropic plastic material behaviour, constitutive models that represent
yielding under hydrostatic pressures are applied. The constitutive behaviour of the
solid skeleton, and the plastic strain hardening response are derived from a series of
slow speed confined uniaxial compression experiments. The liquid flow within fibrous
solid matrix of prepared cane is modelled by applying Darcy’s law, and the coefficient
of permeability therefore was determined experimentally.

The finite element technique applied to the crushing process, couple the elasto-
plastic constitutive theory for the solid fibre and the Darcy’s liquid flow theory for the
liquid juice in conjunction with the frictional relation between the roller and blanket
material. The material law has been coded initially into a two-dimensional plane strain
computer model.

Series of experiments on two-roll mill was conducted. The two-dimensional plane
strain model predicted the roll load in agreement with experimental values, however
failed to capture the tangential component of compression and the torque values were
50% lower than the experimental values. However, numerical prediction of a flat roll
surface matched well in roll load and torque with experimental values as the stress levels
associated with grooves are absent. The rolls were then modelled with grooves in three-
dimension. The three-dimensional model captured high and low compression regions
in groove tip and base respectively. The roll loads as well as roll torques matched well

with experimental values.
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Vertical stress
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Tmax

Shear stresses

Maximum shear stress

Trys Tyz> Tox Ohear stresses
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Angular position in mill measured from axial plane
Angular positions for roll arc surface

Specific volume

Final specific volume

Initial specific volume

Computational domain coordinates

Spatial coordinate directions

Cross sectional area

Cross sectional area of test cell

Specific surface area

Cross sectional area of voids

Treatment number

Length

Compression ratio

Compression ratio as a function of angular position
Slope in the e/In ¢’ plane, Corrected compression ratio
Initial compression ratio

Reference or mill compression ratio

Contact clearance

Roll diameter

Groove depth

Material cohesion

Extraction fraction

xx1
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Young’s modulus

Void ratio

Initial void ratio

Force

Compaction

Filling ratio

Radial force

Tangential force

Vertical force

Fibre ratio

Reference fibre ratio
Shear modulus
Grooving angle
Gravitational constant
Height of specimen
Pressure head

Height as a function of §
Total height between the rolls
Height of feed chute

No gas height

Blanket height

Initial height of specimen
Height of solid material

Gradient or head loss

First and second stress invariants

Permeability

Re-absorption factor
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Pm

Po

Dt

Bulk modulus

Effective permeability

Coefficient of lateral pressure
Bulk moduli of solid and liquid phases
Coefficient of permeability

Darcy coeflicient matrix of permeability
Lengths

Cane blanket length

Slope of the g/p’ plane

Mass of fibre

Torque-load number

Porosity

Global liquid pressure

Pore pressure

Mesh control functions

Pressure in the axial direction, psi
Yield locus

Liquid pore pressure

Total fluid pressure

Mean stress

Pressure, Contact pressure

Mean normal effective stress
Elastic tensile stress

Mean load per unit area

Initial pressure

Tensile stress

Yield stress
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Volume flow rate

Deviator stress

Effective shear stress

Crushing rate

Residual error

Roll separating force

Platen speed, Roll surface speed
Speed of piston

Feed velocity

Degree of liquid saturation

Set opening

Relative rubbing speed

Roll torque

Total torque

Traction forces in z and y direction
Deviatoric stress measure
Thickness

time

Solid phase acceleration

Global velocity vector for the solid
Displacement for the solid

Pore pressure

Displacements in z and y direction
Average velocity of liquid

Total volume or sample volume
Volume of bagasse

Volume of cane
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Wdh
Way

wA

Wq

wf

Volume of fibre

Volume of juice

No gas volume

Reference volume

Volume of solid

Volume of voids

Volume of liquid

Volume rate of bagasse
Escribed volume rate of juice
Volume rate of fibre

Volume rate of juice

Total volume rate of juice

No void volume rate of juice
Superficial velocity

Velocity

Seepage velocity

Velocities in z and y direction
Vertical compression speed
Uncertainty

Weighting function

Liquid velocity vector
Uncertainty in differential head
Uncertainty in vertical stress
Uncertainty in area
Uncertainty in compression ratio
Work opening at delivery nip

Work opening at feed nip
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Wh
Wk

wi

Wo

wQ
WF,

v

$7y7z

Uncertainty in height of specimen
Uncertainty in permeability
Uncertainty in length
Uncertainty in no gas height
Work opening

Uncertainty in flow rate
Uncertainty in vertical force

Spatial coordinate directions
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