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Homework #10
Finite difference formulation for the 1D problem.

a) Final form of pressure equation in terms of 
1D pressure equation,
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The expanded 1D pressure equation obtained in HW#8 is,
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Subtracting both side of the equation by,
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The expanded 1D pressure equation in terms of (tPo is obtained,
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Collecting terms for (tPo, and moving other terms to the right hand side,
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With the transmissibility terms defined as follow,
Total transmissibility,
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Water transmissibility,
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Oil transmissibility,
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The production rate is calculated with the following expression as a function of well index,
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Where the well index is given by,
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For the nodes with a producer, substituting into the expanded 1D pressure equation and subtracting both sides of the equation by 
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b) Finite difference expansion of the 1D saturation equation for the IMPES formulation.
1D saturation equation,
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The expanded 1D saturation equation is,
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In the IMPES formulation the pressure equation can be solve implicitly, and then the saturation equation can be solve explicitly using,
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c) Finite difference expansion of the 1D saturation equation for the partially implicit formulation.

1D saturation equation,
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Note that in this case the capillary pressure is evaluated at n+1. The capillary term can be expanded further as follows,
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The expanded 1D saturation equation is,
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Adding to both side of the equation,
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Collecting terms for (tSw, and moving other terms to the right hand side,
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