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A Three Dimensional (3D) Thermo-Hydro-Mechanical Model for 

Microwave Drying 

 

 Microwave drying of foods have been found to result in better quality 

products having higher rehydration capabilities, higher porosity and minimal 

case hardening effects compared with conventional drying 

 Microwave drying is a complex interplay of mass, momentum and energy 

transport coupled with large deformation of the solid 

 For the present study, microwave drying of a potato cube in a domestic 

microwave oven operating at 10% power level is taken as an example 

 A fundamentals-based three dimensional (3D) multiphase porous media 

based model is developed to simulate the drying process. Deformation is 

included as part of the framework to be able to predict key textural attributes  

 An elaborate experimental is built to validate surface temperature profiles, 

average moisture content and volume changes of the potato sample at 

different times during the drying process 

 The model developed could aid in predicting key quality attributes associated 

with microwave drying such as  porosity, case hardening, volume fixation, 

stress cracking conditions 

 

Overview 

Microwave Drying vs. Conventional 

Drying 

 

Microwave 
Drying 

Conventional Drying 

Microwave Drying vs Conventional Drying 
› Volumetric heating, rapid moisture removal 

› Case hardening effects are minimized 

› Better rehydration and higher porosity 

Microwave Heating 
› Fast and convenient 

› Mostly used for reheating 

› Non-uniform heating 

Modeling Framework 

• Properties– Dielectric and Mechanical properties are functions of 

moisture content 

 

• Shrinkage and puffing cause deformation - Moisture loss results in 

the shrinkage and gas pressure generation lead to expansion 

Multiphase 
transport 

Large  
Deformations  Electromagnetics in 

microwave oven 
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Microwave drying of potatoes carried out at 10% Power Level for 10 min. 
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Transport Model 

Mass conservation of different species: 

bulk flow capillary flow 

phase change 

Liquid Water: 

Water Vapor: 

binary diffusion 
bulk flow 

Air: 
Mass Fraction 

Energy balance: convection 

conduction 

Evaporative  

Cooling 

Momentum balance:  gc
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gas pressure 

gradient 

Flux due to material deformation: 

Phase change:  ,
v
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Non-Equilibrium Formulation 

ic i,G i,s s,Gn n v

Solid Velocity 

Darcy (convective) Velocity 

microwave 

source 

Electromagnetics 

Infrared camera 

Digital weighing 
balance 

Fiber optic 
sensors 

Data acquisition  
system 

Teflon Stick 
(transparent to MWs) 

Inside the microwave oven 

Experimental Setup 

Methodology 

Magnetron Cavity Food sample 

Boundary conditions for Electromagnetics 
› Perfect Electric Conductor for Cavity walls 

› Perfect Magnetic Conductor for symmetry plane 

Symmetry Plane Symmetry Boundary 

String to 
constrain 
rotation 

Boundary conditions for Transport 

and Solid Mechanics 
› Forced convection heat transfer 

› Moisture Loss through evaporation 

› Free surface for expansion 

› No displacement 

› Insulated for energy and 
moisture transfer 
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Moisture and Shrinkage Histories 

 The drying model was validated for moisture history  and 

volume shrinkage 

Results 

No Shrinkage 

Yes Shrinkage 

Drying time (s) 

Moisture loss History 

Drying time (s) 

Experimental 

Simulation 

Volumetric Shrinkage 

 Point temperature and temperature profiles were compared with 

simulated results 

Temperature Profiles 
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Experimental Profiles 
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2 s 24 s 46 s 68 s 

Drying time (s) 

Point Temperature 

Simulated Shrinkage with drying 

time 

0 min. 2 min. 4 min. 6 min. 8 min. 10 min. 

Shrinkage is more from the base as compared with the top where the material is 
constrained by the string 

Gas Pressures and Porosity 

Development 

Gas Porosity increases 
within the material 

leading to pore 
formation 

Dielectric Properties 
decrease as pore 

formation increases 

Dielectric Loss 

Pressure development inside 
the food due to MW heating 

Moisture movement due 
to Pressure driven flow 

90s 

110s 110s 

Microwave ON 

Microwave OFF 

Summary 

 A fundamentals-based 3D electromagnetics-transport-poromechanics 

model for microwave drying is presented  

 The model developed successfully predicts temperature moisture and 

shrinkage histories during the drying process 

 Evolution of gas phase and porosity development affect dielectric 

properties significantly 

 A mechanistic approach to understanding microwave drying of foodstuffs 

is developed that could aid in predicting key quality attributes associated 

with microwave drying.   

 

Acknowledgements 

This project is supported by Agriculture and Food Research Initiative 

Competitive Grant No. 2009-65503-05800 from the USDA National Institute 

of Food and Agriculture 

Tushar Gulati 

175 Riley Robb Hall 

Email: tg237@cornell.edu 

Ph: 607-255-2871 

Ashim Datta 

208 Riley Robb Hall 

Email: akd1@cornell.edu 

Ph: 607-255-2482 

Effects of Power Cycling 

10% Power Level = Microwave ON for 2s and OFF for 20s 

90s 

Pressure Profile Water Saturation Profile 
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