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Abstract

The objective of this study is to present the novel 

numerical technique, i.e. a combined Transfinite 

Interpolation and PDE Mapping Method for solving 

moving boundary problem included internal heat 

generation term due to microwave energy. The basic 

equations are based on heat transfer equation and 

Stefan equation together with Maxwell equation for 

solving melting problem with microwave energy. The 

sample studied, it was performed for the two difference 

layer, which consist of frozen and unfrozen layer. This 
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paper focus on the prediction of the temperature field , 

as well as the microwave energy absorbed , and the 

melting front within the layer packed bed. Based on the 

combined model of Maxwell and heat transport equation 

The results show that the direction of melting against 

the incident microwave strongly depends on the 

structural layered packed beds because of the 

difference in the dielectric properties between water and 

ice. The accuracy of predicted results are compared 

with experimental results. 

1.

 Pangrle et al. [1] 

 Zeng et al. [2] 

 Basak et al. [3] 

 Fixed-Grid-Based Effective Heat-Capacity 

method  (Maxwell’s Equation) 

 Torres et al. [4] , Ratanadecho et  

al. [5] , Feher et al. [6] , Aoki et al. [7]  Ratanadecho 

et al. [8]

 (Lambert’s law) 

 [8] 

TE10  2.45 GHz 

2.

 1 

 2  1 

 ( * )

50 110

 (z1)

 (

)  (

)

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

503 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 0 

 ( Maxwell’s equation ) , 

( Heat equation )  ( Stefan equation )

*(

P.Ratanadecho [14]) 

3.

 (

)

3.1

3.1.1

1)

2)

 ( )

3)

3 . 1 . 2

 TE10

(magnetic-field intensities)  [8]

t
H

x
E

t
H

z
E

zy

xy

t
E

E
z
H

x
H y

y
xz

(1)

tan2
0

0

f
r

r

(2)

3.1.3

1)  : 

(Faraday’s law)  Gauss 

00 nt HE
(3)

 n  t

2)  : 

(Ampere’s law)  Gauss

''''
nnnntttt BBDDHHEE

(4)

 D  electric flux  B 

magnetic induction

3)  : 

 Mur [10] 

z
E

v
t
E yy

(5)

4)  Oscillation 

ft
L
x

Z
E

H

ft
L
xEE

xH

iny
x

x
inyy

2sinsin

2sinsin

(6)

 Ey  Lx

 x   

 Zx  Wave impedance 

3.2

3.2.1

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

504 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



1)

 2  (x-z) 

2)

 (Fusion temperature)

3)

4)

5)

6)

7)

 Homogeneous  Isotropic 

3.2.2

dt
dz

z
T

C
Q

z
T

x
T

t
T j

p

jjjj
2

2

2

2

            (7) 
2

0 tan2 yrj EfQ
(8)

Q

3.2.3

1)

0
n
T

(9)

2)  (Melting front) 

 (Stefan equation) 

t
zSL

x
z

z
Tzq

z
T

Bou
sss

Boul
lBouBou

s
s 1

 (10) 

 Bou 

4

 ( )

4.1

 2 

(Discontinuities on the boundary) 

 ( 

 ) 

 (Boundary) 

 2 wuf ,

 u, w

 2 

 2 

wuzwuxwuf ,,,,
 u  w 

max1 uuu max1 uww

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

505 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 2 

wuf ,  [14] 

1
,,2

1
1,1,1

1
,,

,2,11
1
,

maxmax

max

wuwuw

uuwwuwu

wuuwuwu

ffB

ffBff

fAfAf

(11)

wuu BAA 121 ,, wB2
 univariate blending 

0,1
max111 uAA

1,0
max212 uAA

0,1
max111 wBB

1,0
max212 wBB

uA1 , uA2 , wB1 wB2

www

uuu

BB
w

wwB

AA
u

uuA

12
max

max
1

12
max

max
1

1,
1

1,
1

           (12) 

 (Eq.(10)) 

4.2

 1 

 x  y 

 (smooth)  3 

),(),,( zzxx  or

),(),,( zxzx
(13)

t
HE

x
J

xy1

(14)

t
HE

z
E

z
J

zyy1

(15)

t
E

E

HxHzHz
J

y
y

xzz1

(16)

yy E
x

J
v

t
E 1

(17)

dt
dzT

x
J

C
QT

xzz

zT
z

T
zx

J
a

TTT
J
a

t
T

j

p

jj

jj

jjjj

1

2

2

2

22

2

2

2

2

3

2

22

2

2

2

(18)

t
zSL

z
z

z
z

J

Tx
J

zqTx
J

Bou
sss

BouBou

l
lBouBou

s
s

2
11

11

(19)

J x z x z ,

2222 ,, zxzzxxzx

zxx ,, , z  partial derivatives , J 

Jacobian, ,,  geometric factors ,
 x , z 

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

506 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 3.  (mesh) 

 Transfinite interpolation 

5.  (Numerical Method) 

 (Finite 

Difference Time-Domain  - FDTD) [12] 

 (Finite difference) 

 TE10

 ( )

 ( g)  122  148 

( mg)

 [8] 

 1 

 1

( + )

( +

)

1942.0 kg/m3 1910.9 

kg/m3

0.855 W/mK 1.48 W/mK 

0.21 10-6 (m2/s) 0.605 10-

6 (m2/s)

pC 2.099 kJ/kgK 1.280 

kJ/kgK

r 1.0 H/m 1.0 H/m 

r
88.15 -0.414T+(0.131

10-2)T2-(0.046 10-4)T3

             F/m 

5.1 F/m 

tan 0.323 -

(9.499 103)T+(1.27 

10-4)T2-(6.13 10-7)T3

0.0124

 4 

 4. 

6.

 5-8 

x

z

Solid

Liquid

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

507 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 0 0C

1000 W

 (  5  6) 

 (Standing 

wave)

 (  6)

 loss factor 

( 5) 

 ( 0 

 ) loss factor 

 5.

 30  90 
 (oC)

 6. 

 30  90 

 (W/m3)

 (  7  8) 

Dielectric loss  Skin-depth 

heating

30 sec 

90 sec 

30 sec

90 sec

30 sec

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

508 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 7. 

 30  90 
 (oC)

 8. 

 30  90 

 (W/m3)

 5-8 

 TE10

 (5)  (7) 

 (  9) 

 90 

 3.5 

 2 

(a)

   (b)
 9. 

 (a) 

( frozen layer )  (unfrozen 

layer). (b)  (unfrozen layer)

 ( frozen layer ).

7.

1).

        2).

90 sec 

90 sec 

30 sec 

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

509 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



3).

4).

5).

 (m2/s) 

pC  (J/kg.K) 

E  (V/m) 

f  (Hz) 

H  (A/m) 

L  (J/kg) 

Q  (W/m3)

T  (C) 

t (s)

tan  Loss tangent coefficient (-) 

zyx ,,  x , y , z  ( - ) 

 (Permittivity) (F/ m) 

             (H/m) 

 (m/s) 

 (S/m) 

 (rad/s) 

 (W/mK) 

0
a
j  (Layer number) 

l
r
s

[1] B.J. Pangrle and K.G Ayappa , 1991, “Microwave 

thawing of cylinders” AIChE J., vol.37, pp 1789-1800. 

[2] X. Zeng and A.Faghri, 1994 , “Experimental and 

numerical study of microwave thawing heat transfer for 

food materials” , ASME J. Heat Transfer, vol. 116 , pp 

446-455.

[3] T.Basak and K.G. Ayappa , 1997 , “Analysis of 

microwave thawing of slab with the effective heat 

capacity method” AIChE J., vol 43 , pp1662-1674 

[4] F.Torres and B. Jecko , 1997 , “Complete FDTD 

analysis of microwave heating process in frequency-

dependent and temperature dependent media” , IEEE 

Trans. Microwave Theory Tech, vol 45 , pp 108-117 

[5] P. Ratanadecho , K.Aoki  and M.Akahori , 2002 , 

“Influence of irradiation time particle sizes and initial 

moisture contents during microwave drying of multi-

layered capillary porous materials” , ASME J.Heat 

Transf., vol. 124 , pp151-161. 

 [6] L. Feher , G. Link and M. Thumm , 1996 , “The 

MiRa/THESIS-code package for resonator design and 

modeling of millimeter-wave material processing” , in 

Proc. Mater. Res.Soc.Spring Meeting Symp. , vol 430 , 

San Francisco , pp 363-368. 

 [7] K.Aoki, P.Ratanadecho, and M.Akahori, 2000 

“Characteristics of microwave heating for multi-layer 

materials using a rectangular wave guide” in Proc. 4th

JSME-KSME Thermal Eng. Conf., vol.2, Kobe, Japan, 

Oct.1-6, pp.191-196.

[8] P. Ratanadecho , K.Aoki  and M.Akahori , 2001, “A 

numerical and experimental study of microwave drying 

using a rectangular wave guide”, Drying Technol.J., 

vol.19, no.9, pp.2209-2234. 

[9]A.R. Von Hippel , 1954 , Dielectric Materials and 

Applications. , Cambridge , MA: MIT Press. 

[10] G.Mur , 1981 , “Absorbing boundary conditions for 

the finite-difference approximation of the time domain 

electromagnetic-field equations” , IEEE Trans. 

Electromagn. Compat., vol. EMC-23, no. 4 , pp. 377-

382.

[11] L.E. Eriksson , 1982 , “Generations of boundary-

conforming grid around wing –body configurations using 

transfinite interpolation ” , AIAA J., vol. 20 , pp1313-

1320.

[12] S.Tada , R. Echigo , Y. Kuno , and H. Yoshida , 

1998, “Numerical analysis of electromagnetic wave in 

partially loaded microwave applicator” , Int.J. Heat Mass 

Transf., vol. 41 , pp. 709-718. 

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

510 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



[13] S.V. Patankar , 1980 , Numerical Heat Transfer and 

Fluid Flow. Bristol, PA: Hemisphere. 

[14] P.Rattanadecho , K. Aoki , M. Akahori , 2002 “The 

Characteristics of Microwave Melting of Frozen Packed 

Beds Using a Rectangular Waveguide” IEEE 

Transactions on Microwave Theory and Techiques, 

vol.50 No.6 , pp.14951502. 

[15] P.Rattanadecho, 2004, “Theoretical and 

experimental investigation of microwave thawing of 

frozen layer using a microwave oven (effects of layered 

configurations and layer thickness)”, Int.J. Heat and 

Mass Transfer, 47 (5) , pp.937-945. 

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

CST027

511 CST027

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology


	CST027-1.pdf
	CST027-2.pdf
	CST027-3.pdf
	CST027-4.pdf
	CST027-5.pdf
	CST027-6.pdf
	CST027-7.pdf
	CST027-8.pdf
	CST027-9.pdf
	CST027-10.pdf

