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ABSTRACT

This thesis investigates the importance of circulation and heat transfer in crystallisation
vacuum pans that produce raw sugar in the sugar mill. The driving force for circulation

and heat transfer occurs in the calandria tubes within vacuum pans.

Numerical and CFD modelling is becoming a cost-effective and reliable way of
developing vessel designs especially when there are complex physics and geometries
involved, as is the case with vacuum pans. Currently, however, there are no working
numerical models of vacuum pans that can be confidently used to design pans with
improved circulation and boiling. If the operation of vacuum pans and specifically
calandria tubes can be adequately modelled, the design of industrial vacuum pans can
be improved to realise the benefits of obtaining more efficient circulation and heat

transfer within the pan.

The research aims to provide data on heat transfer and circulation in factory
crystallisation vacuum pans and provide data on an experimental rig simulating a single
calandria tube for validation of numerical models. Factory trials were conducted to
obtain data on heat transfer and circulation in factory pans. A method for measuring
circulation speeds in massecuite solutions and vacuum pans was refined as part of this
research. The data collected from the factory trials enabled the operating conditions for

the single calandria tube boiling rig experimental trials to be determined.

The intention of the experimental rig was to simulate factory conditions to allow
detailed examinations of the heat transfer process and vapour volume fraction profiles
to be obtained. Natural and forced circulation conditions were investigated as both types
of circulation are present in factory vacuum pans. The data gathered from these
experiments were preliminary in nature as the rig did not adequately represent factory

equipment.
The research highlights problems associated with the boiling of viscous fluids, such as

molasses on a laboratory scale. Strategies and recommendations are provided to enable

a more adequate representation of factory conditions in the experimental rig. These
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improvements will allow more accurate data to be obtained that can be used to develop

improved models of calandria tubes and vacuum pans.

The experiments conducted on the single calandria tube detailed the physical changes
and heat transfer characteristics for boiling in calandria tubes with changing material
properties and heat input conditions. The experiments allowed fluid specific correlations
to be obtained for heat transfer coefficients and vapour distribution during boiling in the
calandria tubes. These correlations were used to develop numerical models of the
boiling that occurs in calandria tubes. The numerical models provided a better
understanding of the flow characteristics in the vessel and can facilitate the

development of improved engineering designs.
The project shows the applicability of a pilot scale rig to provide data that can be used

to improve the understanding and modelling of flow and heat transfer in the calandria

tubes of crystallisation vacuum pans.
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Ambient fluid temperature °C
Temperature of the air leaking into the system °C
Inlet cooling water temperature °C
Outlet cooling water temperature °C
Film temperature °C
Temperature of the liquid °C
Temperature of the massecuite °C
Temperature of the molasses °C
Temperature of the condensing steam °C
Temperature of the saturated vapour produced by boiling °C
Temperature of sugar °C
Temperature of the tube wall °C
Superficial liquid phase velocity m.s”
Average liquid phase velocity m.s™
Two-phase velocity of the liquid-vapour mixture m.s”
Superficial vapour phase velocity m.s”
Average vapour phase velocity m.s”
Overall heat transfer coefficient W.m> K"
Velocity of the fluid perpendicular to the probe m.s”
Mean velocity of the fluid entering the tube m.s”
Mean bubble rising velocity m.s”
Mixture quality -
Length along the heated tube m
Vapour volume fraction -
Thermal diffusivity m”s™
Thermal boundary layer thickness m
Temperature difference between the tube wall and liquid °C
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Subscripts

liqg
vap
mass
mol
sug

Effective temperature difference

Shear rate

Corrected shear rate

Latent heat of condensation of the steam
Latent heat of the sugar solution

Density of the liquid

Density of the massecuite

Density of the molasses

Density of the process fluid in the heated tube
Density of saturated water vapour

Density of the crystal

Dynamic viscosity of the liquid

Dynamic viscosity of the massecuite
Dynamic viscosity of the mother molasses
Surface tension of sugar solution

Surface tension of mother molasses

True shear stress

Liquid component of solution
Vapour component of solution
Massecuite

Molasses

Sugar
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Pa.s
Pa.s
Pa.s
N.m?
N.m?

N.m?
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