
Head Office: Università degli Studi di Padova 

Department  

Industrial Engineering 

Ph.D. COURSE IN: Industrial Enginneering 

CURRICULUM: Electrical Engineering 

SERIES XXXIV 

PROCESSES FOR FOOD AND DRYING ASSISTED BY ELECTRO THERMAL SOURCES 
(RF, INDUCTION AND MW) 

Thesis written with the financial contribution of inovaLab s.r.l. 

Coordinator: Prof. Giulio Rosati

Supervisor:  Prof. Fabrizio Dughiero 

Ph.D. student : Antonio Marconi 






























































































































































































































































































































































































































































	front_page_30_ciclo_en.pdf
	PhD_Thesis___Processes_for_food_and_drying_assisted_by_electro_thermal__sources__RF_and_MW_ (4).pdf
	List of Figures
	List of Tables
	Background and motivation
	Electromagnetic Processing of Materials (EPM)
	Drying in industry processes
	External conditions: removing water as vapor from the material surface
	Vapor-Air mixtures
	Drying in textile industry
	Drying in paper industry

	Drying with EPM
	Induction Heating heater form drying rollers

	Heating and cooking with EPM

	Electromagnetic problem
	Electromagnetic waves
	Maxwell's Equations
	Solution of Maxwell's equations
	Material Laws
	Magnetic Permeability
	Dielectric Permittivity
	Electrical Conductivity


	Thermal problem
	Transfer of energy
	Heat conduction
	Heat convection
	Thermal radiation heat transfer

	Thermal properties of food
	Ice Fraction
	Density of food
	Specific heat capacity of food
	Thermal conductivity of food
	Enthalpy of food


	Dielectrics
	Dielectric Materials
	Dielectric permittivity measure
	NRW Method
	Iterative non-ambiguous method from T/R measurements
	FSS Waveguide Resonant Methods
	Rectangular Wave-guide Method (TE)
	Effective medium approximations


	Radio-frequency (RF) Design
	Radio-Frequency Heating systems
	Impedance equivalent model
	Series impedance study
	Matching network design
	Matching Network Characterization
	Maximum power transfer theorem
	L-Network
	-Network
	T-Network
	Matching Network components design
	Smart Matching Network


	Radio-frequency (RF) Drying
	Radio-Frequency Drying

	Microwave (MWH) Heating
	Microwave Theory
	Microwave Electromagnetic problem
	Fields at a General Material Interface
	The wave equation
	General plane wave solution
	Energy and Power of an Electromagnetic Wave
	Plane wave reflection from a media interface

	Transmission Line Theory
	The Smith Chart
	Lossy transmission lines

	Waveguides
	TEM, TE and TM waves and their solution
	Rectangular Waveguides
	Circular Waveguides
	Coaxial Waveguide

	Microwave Network Analysis
	Impedance and equivalent current and voltage

	Impedance matrix
	The scattering matrix
	The transmission matrix
	Microwave Resonators
	Resonant circuits: Parallel and Series
	Rectangular waveguide resonators
	Circular waveguide cavity resonators

	How to excite cavity resonators
	Cavity perturbations

	Microwave Filters
	Microwave door Choke

	Microwave cavity for thawing
	A new tailored microwave cavity for thawing

	Conclusions
	Conclusions



