
How can we solve advection equation accurately?
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We tried upwind scheme but it includes too much 
numerical diffusion.
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Backward Differential  Scheme

Stable but inaccurate



Concept of upwind scheme

t

x
i 1i +1i −

t

t t+ ∆

[ ]( , 1) ( , ) ( , ) ( 1, ) tf i j f i j u f i j f i j
x
∆

+ = − − −
∆

0u >



x

f
u

0t =t t t= + ∆

u t∆
Not on a 

grid point !!!

Diffused !!!



Concept of CIP scheme
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Instead of predicting the future value of                  ,
estimate the present value of                   , however…..
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Profile ?

The simplest 
is linear 
interpolation

To much 
error !!
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This is what we want!!!



Summarize

Instead of predicting                     directly, 
calculate the profile of present value of f
between (i) and (i-1) , and decide  the present
value of                     .
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Exercise

Calculate the advection equation using the 
same method when u <0
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Advection Equation with Source Term
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General Form
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Central Difference

Non-Advection Phase

Advection Phase
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Non Advection Phase
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Advection Phase
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Summarize of Separation Technique
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Home Work
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Calculate the following equation using CIP 
method and separation technique.


