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Electromagnetic Field Effects on Transport Phenomena in Porous Media

(Engineering Materials and Bio-Tissues)

Abstract

In this project, the analysis of heat and mass transfer in a multi-layered porous
materials under conventional energy and electromagnetic energy is investigated
numerically and experimentally. The coupled heat transfer (2 D) and electromagnetic
wave (3 D) model is developed to simulate the interaction between electromagnetic
wave and various kinds of porous samples. The relevant transport mechanisms are
analyzed by examining the microstructure and possible transport passages in the
porous media. The resulting governing equations are numerically solved with the
Finite Volume Method (FVM) for heat and mass transfer model and Finite Difference
Time Domain (FDTD) for electromagnetic wave model. An experiment is designed to
measure both the intrinsic and the relative permeability of porous media. All the
physical, thermodynamic, thermal, transport, and dielectric properties used in the
simulation are for porous packed beds and are either from our measurements or from
the literature. The other works on this project are concerned to biomechanics
problems which related to heat transfer in human tissues (multi-layered tissues)
during subjected to electromagnetic energy. Namely, in the problem of microwave
ablation process (MWA), the influence of antenna type on microwave power absorbed,
SAR and temperature distribution in liver tissue during MWA, are investigated
systematically. Theorically, mathematical models based on coupled equations of
electromagnetic wave propagation and bioheat equation are solved by using an
axisymetric finite element method (FEM). Furthermore, the simulations of the
specific absorption rate (SAR) and the temperature increase in the human body
(multi-layered tissues) exposed to leakage microwave energy are also done.

Keywords: Electromagnetic, Numerical Method, Porous Media, Tissue,
Heat Transfer



	1
	2
	(วัสดุวิศวกรรมและวัสดุชีวภาพ)
	งานวิจัยโครงการนี้เน้นการวิเคราะห์กระบวนการถ่ายเทความร้อนและมวลภายในวัสดุพรุนที่มีหลายชั้นภายใต้พลังงานสนามแม่เหล็กไฟฟ้าทั้งในเชิงคำนวณและเชิงทดลอง งานวิจัยนี้ได้มีการจำลองร่วมระหว่างการถ่ายเทความร้อน (2มิติ) และคลื่นแม่เหล็กไฟฟ้า (3มิติ) เพื่อจำลองอั...
	Abstract

	3
	4
	5
	Abstract
	Introduction
	Related Theories
	Microwave Heat Generation
	Mass and Energy Balance Equation for Drying Process
	SEC and Energy Efficiency in Drying Process

	Experimental Apparatus
	Results and Discussion
	Conclusions
	Acknowledgements
	References

	6
	7
	Electromagnetic field effects on biological materials
	1 Introduction
	2 Problem description
	3 Analysis
	3.1 Electromagnetic wave propagation analysis
	3.1.1 Boundary conditions for the electromagnetic wave propagation analysis

	3.2 Heat transfer analysis
	3.2.1 Boundary conditions for the heat transfer analysis

	3.3 Non dimensionalization

	4 Numerical simulations
	5 Results and discussion
	5.1 Validation
	5.2 Dimensionless electromagnetic wave power effects
	5.3 Dimensionless electromagnetic wave frequency effects

	6 Conclusions
	Acknowledgments
	References


	8
	The influence of wave propagation mode on specific absorption rate and heat transfer in human body exposed to electromagnetic wave
	1 Introduction
	2 Numerical simulation
	2.1 Human model
	2.2 Equation of electromagnetic wave propagation analysis
	2.2.1 Governing equations
	2.2.2 Boundary conditions

	2.3 Equation of heat transfer in human body
	2.3.1 Governing equations
	2.3.2 Boundary conditions
	2.3.3 Interaction of electromagnetic wave and human organs
	2.3.4 Initial condition for heat transfer
	2.3.5 Penetration depth

	2.4 Simulation procedure

	3 Results and discussions
	3.1 Verification of the model
	3.2 Influence of exposure time of electromagnetic wave
	3.3 Influence of the power of electromagnetic wave
	3.4 SAR distribution in human body
	3.5 Temperature distribution in the human body
	3.6 The maximum SAR and temperature on organs in the human body

	4 Conclusions
	Acknowledgement
	References


	9
	10
	Analysis of heat transport on local thermal non-equilibrium in porous liver during microwave ablation
	1 Introduction
	2 Problem Description
	3 The formulation of the mathematical model
	3.1 Equations for electromagnetic wave propagation analysis
	3.1.1 Boundary condition for electromagnetic wave propagation analysis

	3.2 Equations for heat transfer analysis
	3.2.1 Boundary condition for heat transfer analysis


	4 Numerical simulations
	5 Results and discussion
	5.1 Validation of the model
	5.2 Comparison of tissue and blood temperature of LTNE model and tissue temperature of Pennes model and Klinger model
	5.3 Comparison of tissue and blood temperature profiles of LTNE model and tissue temperature profile of LTE model
	5.4 Effect of porosity
	5.5 Effect of input microwave power

	6 Conclusions
	Acknowledgement
	References


	11
	12
	13
	14
	15
	16
	17
	18
	INTRODUCTION
	FORMULATION OF THE PROBLEM
	METHODS AND MODEL
	Physical Model
	Equations for Heat Transfer and Flow Analysis
	Boundary Condition for Heat Transfer Analysis
	Conventional sauna (Case I)
	Infrared sauna (Case II)

	Calculation Procedure

	RESULTS AND DISCUSSION
	Verification of the Model
	Conventional Sauna (Case I)
	Effect of room air temperature

	Infrared Sauna (Case II)
	Comparison Between Conventional and Infrared Sauna

	CONCLUSIONS
	FUNDING
	REFERENCES

	19
	1. Introduction
	2. Formulation of the problem
	3. Methods and model
	3.1. Physical model
	3.2. Equations for EM wave propagation analysis
	3.2.1. Boundary condition for wave propagation analysis

	3.3. Interaction of EM fields and human tissues
	3.4. Equations for heat transfer and flow analysis
	3.4.1. Boundary condition for heat transfer analysis

	3.5. Calculation procedure

	4. Results and discussion
	4.1. Verification of the model
	4.2. SAR Distribution
	4.3. Temperature distributions and velocity fields

	5. Conclusions
	Funding
	References

	20
	21
	Introduction
	Microwave heating mechanism
	Dielectric property
	Theory underlying the dielectric property
	Factors affecting the dielectric properties of materials to be dried
	Techniques for measuring the dielectric property

	Microwave systems
	Experiments
	Laboratory-scale
	Commercial-scale
	Hybrid systems associated with supplementary systems
	Safety and regulation


	Theoretical investigations
	Thermal equilibrium model for drying
	Permeable surface
	Impermeable surface
	Energy conservation equation
	Mass transport equation
	Pressure build-up in porous media
	Boundary and initial conditions
	Moisture transport equation
	Total pressure equation
	Heat transport equation
	Water conservation
	Energy conservation
	Liquid conservation equation
	Energy conservation equation
	Air conservation equation

	Nonthermal equilibrium model for microwave drying
	Electric field equation
	Magnetic field equation
	Wave equation
	Boundary conditions
	Tissue phase equation
	Blood phase equation


	Energy and exergy analyses
	Conclusions
	Nomenclature
	Greek letters
	Subscripts

	Funding
	References

	22
	23
	Numerical study of vertical solar chimneys with moist air in a hot and humid climate
	1 Introduction
	2 Problem formulation and numerical modeling
	2.1 Boundary conditions
	2.2 Calculation procedures

	3 Validation of numerical results
	4 Results and discussion
	4.1 Air velocity in the solar chimney with the dry- and moist-air models
	4.2 Effect of vapor content on air velocity
	4.3 Temperature distribution in the solar chimney with dry- and moist-air models
	4.4 Effect of the aspect ratio
	4.5 Effect of the height of the opening

	5 Conclusions
	Acknowledgements
	References


	24
	A novel rapid microwave-thermal process for accelerated curing of concrete: Prototype design, optimal process and experimental investigations
	1 Introduction
	2 Design of a horn-shaped cavity using a mathematical model
	2.1 Mathematical formulation
	2.2 Analysis of the electromagnetic field in the horn
	2.2.1 A case without load
	2.2.2 A case with load (concrete workpiece)


	3 Materials and methods
	3.1 Materials
	3.2 Equipment
	3.3 Concrete workpiece preparation
	3.4 Cases used to study MW curing
	3.5 Testing methods
	3.5.1 Moisture content measurement
	3.5.2 Temperature measurement
	3.5.3 Compressive strength test


	4 Model simulation of horn
	4.1 Analysis of the horn size
	4.2 Calculation procedure

	5 Results and discussion
	5.1 Results of the model simulation
	5.2 Results of the experiments
	5.2.1 Thermal behavior of concrete under MW curing (Case B)
	5.2.2 Influence of MW power on the temperature of concrete under MW curing (Case C)
	5.2.3 Thermal behavior of concrete under discontinuous concrete curing (Case D)
	5.2.4 Heat evolution from discontinuous curing (Case E)
	5.2.5 Thermal distribution at the concrete surface
	5.2.6 Heating characteristics of a concrete workpiece subjected to MW energy
	5.2.6.1 Moisture Loss
	5.2.6.2 Compressive strength development



	6 Conclusions and recommendation
	Acknowledgments
	References


	25
	26
	Effects of material properties on heating processes in two-layered porous  media subjected to microwave energy
	1 Introduction
	2 Experimental setup
	3 Mathematical formulation
	3.1 Analysis of electromagnetic field
	3.2 Analysis of temperature profile and flow field
	3.2.1 Flow field equation
	3.2.2 Heat transfer equation


	4 Numerical procedure
	4.1 Electromagnetic equations and FDTD discretization
	4.2 Fluid flow and heat transport equations and finite control volume discretization
	4.2.1 The stability and accuracy of calculation
	4.2.2 The iterative computational schemes


	5 Results and discussion
	6 Conclusions
	References


	27
	28
	29
	30



