
* **  
1 Petrov-Galerkin  

1 Petrov-Galerkin  
A Petrov-Galerkin finite element method for the solute transport equation in locally one-dimensional 

open channel networks 
 

 *  *  ** 
Hidekazu Yoshioka Koichi Unami and Toshihiko Kawachi 

(ADE)
ADE (FEM)

(FVM)

1

[1]

[2]
[3] 1

Petrov-Galerkin FEM(PGFEM)
PGFEM Hemker[4]

2

1

PGFEM
PGFEM

 

Markov
1 �

 

� � � �2

2

Vu Duu Ru G
t x x

� �� � � � �
� � �

 (1) 

t x
u AC� A C

V

0D � 0R � G

(1)
[5]  

1u H� 1w H� (1)

(1)  

� �

d d d du ww x F x wRu x wG x
t x
wF

� � � �

�

� �� � �
� �

� �

� � � �  (2) 

� �

 
� �F Vu Du
x
�

� �
�

 

� 2

(1) V
R D G

1
u

2  

� � � �e ,e e ,e 0,   1,2 i iV D i
x x

� �� �� � �
� �

 (3) 

� � � �1,e L,e 1,e R,e1,  0x x� �� �  (4) 

� � � �2,e L,e 2,e R,e0,  1x x� �� �  (5) 

1,e� 2,e� e

L,ex R,ex e
x 1,e�

2,e�

1 [6]  

［4-17］

－  381 －

Ｈ24 農業農村工学会大会講演会講演要旨集

－  380 － －  381 －



* **  
1 Petrov-Galerkin  

1 Petrov-Galerkin  
A Petrov-Galerkin finite element method for the solute transport equation in locally one-dimensional 

open channel networks 
 

 *  *  ** 
Hidekazu Yoshioka Koichi Unami and Toshihiko Kawachi 

(ADE)
ADE (FEM)

(FVM)

1

[1]

[2]
[3] 1

Petrov-Galerkin FEM(PGFEM)
PGFEM Hemker[4]

2

1

PGFEM
PGFEM

 

Markov
1 �

 

� � � �2

2

Vu Duu Ru G
t x x

� �� � � � �
� � �

 (1) 

t x
u AC� A C

V

0D � 0R � G

(1)
[5]  

1u H� 1w H� (1)

(1)  

� �

d d d du ww x F x wRu x wG x
t x
wF

� � � �

�

� �� � �
� �

� �

� � � �  (2) 

� �

 
� �F Vu Du
x
�

� �
�

 

� 2

(1) V
R D G

1
u

2  

� � � �e ,e e ,e 0,   1,2 i iV D i
x x

� �� �� � �
� �

 (3) 

� � � �1,e L,e 1,e R,e1,  0x x� �� �  (4) 

� � � �2,e L,e 2,e R,e0,  1x x� �� �  (5) 

1,e� 2,e� e

L,ex R,ex e
x 1,e�

2,e�

1 [6]  

(2)
Crank-Nicolson

PGFEM FEM

 
Gauss-Seidel

PGFEM
0R �

 

PGFEM
PGFEM

Ramirez[7]
1 ( 1)

4 A, F, G, 
H 2 S1 S2

S1 S2 0R �  

� � � �2
1 11

1 22

Vu Duu Ru Ru
t x x

� �� � � � �
� � �

 (6) 

� � � �2
2 22

2 12

Vu Duu Ru Ru
t x x

� �� � � � �
� � �

 (7) 

(6)-(7) Reach

E
Peclet 2

2 200t �  
(s) u AC�

PGFEM
 

1

PGFEM PGFEM

PGFEM

 
 

[1] von Below J. (1988) Classical solvability of linear parabolic 
equations on networks. Journal of Differential Equations, 
72:316-337. [2] Zhang Y., Aral M.M. (2004) Solute transport in 
open channel networks in unsteady flow regime. Environmental 
Fluid Mechanics, 4:225-247. [3] , ,  
(2011) 1

, 19
, pp 135-138. [4] Hemker P.W. (1977) A 

numerical study of stiff two-point boundary problems, Amsterdam, 
pp 1-144. [5] Yoshioka H. (2012) Parabolic equation models for 
stochastic transport phenomena in surface water flows. Master 
thesis, Kyoto University, 57 pp.  [6] , ,  
(2011) 1 , 23

, pp 84-85.[7] Ramirez 
J.M. (in press) Population persistence under advection-diffusion in 
river networks. Journal of Mathematical Biology. 

 

1  (Ramirez[7])       2 u ( 200t �  (s)) 

－  381 －－  380 － －  381 －


