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Momentum Equation of one dimensional 
open channel flow

F = force, m = mass, and α = acceleration.
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When the channel width is not constant 0B
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(不等流の式)
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Solution of pure advection equation.
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Numerical Solution of Advection Equation

x

t

x∆

t∆

1        2      ・・・・・ i-1       i          i+1 ・・・・ N

1 
   

   
 2

 ・
・

j-
1 

   
   

j  
   

   
 j+

J

),( jih

)1,1( ++ jih



t
jihjih

t
h

∆
−+

=
∂
∂ ),()1,(

x
jihjih

x
h

∆
−+

=
∂
∂ ),(),1(

Forward Difference

x
jihjih

x
h

∆
−−

=
∂
∂ ),1(),(

Backward Difference

x
jihjih

x
h

∆
−−+

=
∂
∂

2
),1(),1(

Central Difference



[ ]
x
tjihjihujihjih

x
jihjihu

t
jihjih

∆
∆

−−−=+

=
∆

−−
+

∆
−+

),1(),(),()1,(

0),1(),(),()1,(

KnownUnknown



Numerical Solution of Advection Equation
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Exercise I

Calculate the following equation numerically.
Use backward, forward and central differential schemes
and compare the results. 
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Backward Differential  Scheme

Stable but inaccurate



Forward Differential  Scheme

Unstable and inaccurate



Central Differential  Scheme

Unstable but accurate



What happens when the velocity is negative?
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Numerical Solution of Diffusion Eq.
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Numerical Calculation of Diffusion Equation
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Numerical Solution of Diffusion Equation
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Exercise II

Calculate the following equation numerically.
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Stable and Accurate

Numerical Solution of Diffusion Equation
Central Differential Scheme
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Upwind Scheme in One Equation

Let’s think about…….
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Differential form of diffusion equation is
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Upwind scheme = Central scheme + Diffusion

Accurate Stable

Upwind scheme automatically includes the “Diffusion”

This is called as “Numerical Diffusion”

Can’t we do accurate calculation without 
numerical diffusion ?


