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 Open Channel Flow II 
 
Having found that approaching open channel flow (or any coupled PDE system involving non-linearities within the 
kinetic flux vector!) from the primitive variable perspective resulted in a decoupled Newton algorithm that would 
converge linearly at best and diverge at worst.  Let us now employ the non-divergence form of the problem 
statement and see where we can go. 
 

 Ω=
∂
∂

+
∂
∂

= on
x
qA

t
qq 0)(L  (1a) 

where 

 
( )















+−=
∂

∂
=









=
h
mgh

h
m

q
qfAand

m
h

q 2

10

2

2  (1b) 

 
Substituting (1b) into (1a) and expanding 
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Assuming a series approximation to the unknown state variables and associated grouped variables 
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Forming the Galerkin Weak Statement 
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Substituting the series expansions and expanding 
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Discretizing 
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Upon assembly, the spatially discretized form (6) yields two coupled ordinary differential equations in time.  
Identifying the usual master matrices 
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Unlike the previous formulation, we are able to combine the two equations in (7) into one large matrix statement 
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which is now of the form 
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Employing the Theta Taylor Series to move the solution forward in time 
 
 [ ]{ } { } ( ){ }( ) { }0BIGRES1BIGRESBIGMASSTS 11, =Θ−+Θ∆+∆=Θ ++ nnnn tQ  (9) 
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To solve our big non-linear equation, we shall call upon Newton 
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The total residual was easy - now for the jacobian. 
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The temporal term is readily evaluated as 
 

 { } [ ]{ }( ) [ ][ ]1BIGMASSBIGMASS 1,
1

BIGQ
Q nn

n

=∆
∂

∂
+

+

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evaluating the spatial jacobian 
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Taking our cue from the temporal development, the spatial jacobian will consist of four blocks 
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