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The characteristics of solids and fluid flows in crystallizers are key factors for
crystallization processes. For example, they directly influence the crystal size
distributions and energy requirements for the crystallizer. The purpose of this research
is to numerically simulate the two-phase (liquid and vapor) flow in a Draft Tube
Baffle (DTB) crystallizer with fines removal streams: once the fluid phase flows have
been determined, general characteristics of the flow of the crystals can be ascertained.
In order to reduce the execution time of the simulation, the impeller was modeled
using a momentum source for the isothermal simulation, and both a momentum
source (for the impeller) and heat source (for the internal heat exchanger) for the non-
isothermal simulation, a method shown to be effective in previous research. The
commercial software ANSYS CFX-10.0 was employed to perform 3D simulation
using the finite volume method with an unstructured mesh topology. Water solutions

with 26.66 % NaCl and water-vapor are the fluids used in the simulation.

For the isothermal simulation, the simulation assumed that the vapor formed in
an external heat exchanger before the fluid was fed to the crystallizer for crystal

nucleation and growth, and the simulations were performed with various momentum
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source values, fines removal flow rate values, and product crystal suspension flow
rate values. The results show that the overall magnitude of the liquid velocity within
the crystallizer can be strongly increased by the increasing the axial momentum
source but only slightly increased by the product crystal suspension and fines removal
flow rates, and the vapor velocity can be slightly influenced by these variables. The
fines removal cut-size can be increased with increasing momentum source and fines
removal flow rate, and decreased with increasing product crystal suspension flow rate.
This will strongly affect the product crystal size distribution. Furthermore, the liquid
flow is found to be fully uniform in the main body of the crystallizer for momentum
sources larger than or equal to 25,000 kg/m?/s?; uniform flow assists in producing

a narrow crystal size distribution.

For the non-isothermal simulation, the simulation assumed that the vapor
formed in the crystallizer by use of an internal heat exchanger, and the simulations
were performed with various heat source values. The results show that the overall
velocity for both phases (liquid and vapor) can be slightly influenced by the heat
source, and the amount of vapor formed in the crystallizer can be increased linearly

with increasing heat source values.

A comparison of the results has been made between CFD predictions and
original theory and the literature. The results support that the CFD methodology can

be used for the optimization of commercial-scale DTB crystallizer designs.
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