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ABSTRACT

Numerical models were developed to simulate temperature profiles in Newtonian
fluids during continuous flow microwave heating by one way coupling electromagnetism,
fluid flow, and heat transport in ANSYS 8.0 and COMSOL Multiphysics v3.4. Comparison of the
results from the COMSOL model with the results from a pre-developed and validated ANSYS
model ensured accuracy of the COMSOL model. Prediction of power loss by both models was
in close agreement (5-13% variation) and the predicted temperature profiles were similar.
COMSOL provided a flexible model setup whereas ANSYS required coupling incompatible
elements to transfer load between electromagnetic, fluid flow, and heat transport modules.
Overall, both software packages provided the ability to solve multiphysics phenomena
accurately.
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INTRODUCTION

In continuous flow microwave heating of liquids, volumetric heat generated as a function
of electric field distribution and dielectric properties of the fluid is transferred in the flowing
fluid by conduction and convection. Comprehensive 3-D numerical modeling of the process
requires coupling of energy and momentum equations to Maxwell’s electromagnetic equations.
[Le Bail et al. 2000] predicted temperature profiles in fluids under continuous microwave heating
assuming uniform volumetric power in the core of the flow. [Ratanadecho et al. 2002] used a
2-D finite difference time domain (FDTD) formulation to solve Maxwell’s equations within a
finite control volume based on the SIMPLE algorithm to solve heat transport and fluid flow
equations in rectangular duct geometry; an iterative computational scheme was used to couple
Maxwell’s equations with momentum and heat transfer equations. [Zhu et al. 2007a, 2007b, and
2007c] used a similar algorithm for numerical modeling of continuous flow microwave heating in
cylindrical and rectangular ducts.
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