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Theoretical Analysis of Heat-Mass Transport and Pressure in

Unsaturated Porous Material : In Case of Providing the Microwave Energy

(Influence of Particle Size, Electric Field Intensity and Frequency)
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Abstract: In this study, a porous media model was developed to
predict heat transfer and moisture transport during microwave
drying of unsaturated porous material. A total gas pressure
equation was introduced to address internal vapor generation in
microwave drying. The resulting governing  equations  were
numerically solved with the finite volume method. All the physical,
thermodynamic, thermal, transport, and dielectric properties used
in the simulation were for unsaturated porous material (composed
of glass beads, water and air) were either from our
measurements or from the literature. From the results showed
that the variation of particle size, electric field intensity and
frequency plays an important role on overall drying kinetics. The
moisture profile in the unsaturated porous material suggests the
importance of capillary flow in microwave drying. The results
presented here provide a basis for fundamental understanding of
microwave drying of unsaturated porous materials and can be

applied as useful tool for exploring practical problems.
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D,, = effective molecular mass diffusion (mzls)
S = water saturation

D, = penetration depth (m)

T = temperature (OC)

H, = specific heat of vaporization (J/kg)

c = velocity of light (m/s)

E = electric field intensity (V/cm)

t = time (s)

0 = microwave power absorbed term (W/m3)
f = frequency (GHz)

P = microwave power (W)

P = pressure (Pa)

].7 = phase change term (kg/m 3s)

w = velocity (m/s)

A = effective thermal conductivity (W/mK)
k = permeability (mz)

tans = loss tangent coefficient

P = Porosity

g = gravitational constant (m/sz)

p = density (kg/ms)

& = complex permittivity (F/m)

I = magnetic permeability (H/m)

&' = permittivity or dielectric constant

4 = dynamic viscosity of liquid (Pa s)

g = dielectric loss factor

g = dynamic viscosity of gas (Pa s)

h, = heat transfer constant (W/ mZK)

iy = mass transfer constant (W/ m2K)
Subscripts

0 = free space r = relative

a =air v = water vapor
c = capillary I =liquid water
g =gas X = coordinate axis[m]
p = particle
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