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Abstract

A numerical model for heat and mass transfer in vacuum membrane distillation (VMD) under
laminar flow was developed using Computational Fluid Dynamics (CFD). Three-dimensional
(3D) simulations of temperature and concentration polarization in single and multiple fibre VMD
modules were used to estimate permeate flux (kg m?h™) over a range of temperatures (30 — 70
°C), vacuum pressures (10 — 100 mmHg), crossflow velocities (0.0072 — 0.72 m/s), and feed
concentrations (0 — 0.4 kg/L NaCl). Simulated flux differed by less than 7% from experimental
data for a module with comparable dimensions. Simulations indicate that a 56% increase in fibre
packing density resulted in a 24% flux decline at high operating temperature (70 °C), and more
than 50% flux decline at low crossflow velocity (0.0072 m/s). The effect of vacuum pressure on
flux was found to be independent to the module packing density, while the effect of salt
concentration was found to be 28% lower than estimates based on Raoult’s law, due to lower
spatial variations in membrane surface temperatures at higher salt concentrations. The approach
developed in this paper may be used to evaluate performance of alternative configurations for

VMD models to aid module design, scale-up and process optimization.
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