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Theoretical Analysis of Heat-Mass Transport and Pressure in
Unsaturated Porous Material: Under Microwave Energy
(Influence of Particle Size, Electric Field Intensity and Frequency)
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Abstract

In this study, a multiphase 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, trans-
port, and dielectric properties used in the simulation were for unsaturated porous material (composed of
glass beads, water and air) and were either from our measurements or from the literature. The results
showed that variation of particle size, electric field intensity and frequency gave strong effect on overall
drying kinetics. The moisture profile in the unsaturated porous material suggests the importance of capil-
lary flow in microwave drying. The results could provide a basis for fundamental understanding of micro-
wave drying of unsaturated porous materials and they could be applied as a useful tool for exploring prac-

tical problems.
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5. AinAnIINUszMA

anc§ITeversvquaudinaluladlanzuas
T quismnfiuas Mneuneanu 0y qumi%ﬂﬁ
W yunuideluassd

518115 “ansal
, = effective molecular mass diffusion (m?/s)

= water saturation

penetration depth (m)

N T YU
I

= temperature (°C)

ol
Il

specific heat of vaporization (J/kg)

= velocity of light (m/s)

o
Il

electric field intensity (V/cm)
= time (s)
= microwave power absorbed term (W/m°)

frequency (GHz)

N
Il

= microwave power (W)

= pressure (Pa)

n = phase change term (kg/m’s)

w = velocity (m/s)

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

tand = loss tangent coefficient

¢ = Porosity

g = gravitational constant (m/s’)

p = density (kg/m%

£ = complex permittivity (F/m)

u = magnetic permeability (H/m)

¢’ = permittivity or dielectric constant
u, = dynamic viscosity of liquid (Pa s)
¢”~ = dielectric loss factor

u , = dynamic viscosity of gas (Pa s)
h., = heat transfer constant (W/m°K)
h, = mass transfer constant (W/m’K)
Subscripts

= free space

= air

0

a

c = capillary
g = gas

P

= particle

relative

ﬂ
]

v = water vapor
liquid water

x = coordinate axis[m]

6. 1an 1991989

1. Boukadida, N., S., Ben Nasrallah, and Perre,
P., 2000, “Mechanism of Heat and Mass Transfer
During Convective Drying of Porous Media under
Different Drying Conditions”, Drying Technology,
Vol. 18, pp. 1367-1388.

2. Wang, Z. H. and Chen, G., 2000, “Heat and
Mass Transfer in Batch Fluidized-bed Drying of

Porous Particles”, Chemical Engineering Science,



13 19wz w95, Tl 30 atufl 3 nangAx-fupneu 2550 551

Vol. 55, pp. 1857-1869.

3. Ratanadecho, P., Aoki, K., and Akahori, M.,
2002, “The Characteristics of Microwave Melting
of Frozen Packed Beds Using a Rectangular
Waveguide”, IEEE Transactions on Microwave Theory
and Techniques, Vol. 50, No. 6, pp. 1495-1502.

4. Feng, H. J., Tang, R., Cavalieri, P., and
Plumb, O.A., 2001, “Heat and Mass Transport in
Microwave Drying of Porous Materials in a Spouted
Bed”, AIChE Journal, Vol. 47, pp. 1499-1512.

5. Ratanadecho, P., 2006, “The Simulation of
Microwave Heating if Wood using a Rectangular
Wave Guide: Influence of Frequency and Sample
Size”, Chemical Engineering Science, Vol. 61, pp.
4798-4811.

6. Ni, H., Datta, AK, and Torrance, K.E., 1999,
“Moisture Transport in Intensive Microwave Heat-
ing of Biomaterials: a Multiphase Porous Media
Model”, International Journal of Heat and Mass
Transfer, Vol. 42, pp. 1501-1512.

7. Ratanadecho, P., Aoki, K., and Akahori, M.,
2001, “Experimental and Numerical Study of

Microwave Drying in Unsaturated Porous Material”,

International Communications in Heat and Mass
Transfer, Vol. 28, pp. 605-616.

8. Ratanadecho, P., Aoki, K., and Akahori, M.,
2002, “Influence of Irradiation Time, Particle Sizes,
and Initial Moisture Content During Microwave
Drying of Multi-Layered Capillary Porous Materials”,
Journal of Heat Transfer, Vol. 124, pp. 151-161.

9. Kaviany, M. and Mittal, M., 1987, “Funicular
State in Drying of Porous Slab”, International
Journal of Heat and Mass Transfer, Vol. 30,
pp. 1407-1418.

10. wqw"fnﬁ Saulaly, 2547, “A199ATI1EN
nzvaumIBuwiIluY gwau ( ndnmaidiassiuzes
NNTEUNAMNIDULALNIA Widtuﬂi::U’JUﬂ’limJLLﬁ\‘l
T qww)”, 913 19w asussmalulad (mw
Ing), atfuft 1 nA - we 47, ¥l 1-11.

1. wednd Saulaly, 2547, “n159As1A
nasUIUNIBURiIlLY Awgu (I MINUULIIRBINW
AadlaAY A3 MTuARszinnTdmauSauLas
wa 15uY angw)”, 913 9 asuasinalulad
(Mulng) atiufi 2 wa 47, wii 1-14.





