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The above vectors can be modified for the shock tube problem. 
Since only one space dimension is present, the vectors can be 
shortened as follows
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Recall that, according to Stokes hypothesis (2 / 3)� �� �

Also recall that 
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If we neglect external heating, the J-vector on the RHS will be = 0.
Therefore we can write
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Auxiliary relations for a perfect gas
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The last terms in the momentum and energy equations that contain � are
the viscous dissipation terms.

The shock tube flow can be solved without including these terms (Euler
form). However, the resulting numerical scheme will give rise to
oscillations at sharp discontinuities such as the shock.

In order to avoid these oscillations, terms similar to the viscous terms
are introduced to smear out the discontinuities.
These terms are sometimes called the “artificial viscosity term.”

von Neumann and Richtmyer used a form of the artificial viscosity term
which for the MacCormack scheme can be written as follows.  
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von Neumann-Richtmyer artificial viscosity term and its two finite difference
forms are given below.
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Note that D is a positive quantity. � is an empirical factor of O(1)
to be adjusted by closely monitoring the solution. ��should be as small
as possible and yet avoid oscillations.
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Initial conditions
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Boundary conditions
Walls at I = 1 and I = I+1
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Other boundary conditions can be obtained by linear extrapolation



12/21/01 topic12_shocktube_problem 19

Computational Fluid Dynamics (AE/ME 339)                      K. M. Isaac
MAEEM Dept., UMR

U_(I-1) U_I U_(I+1)

_1

1

I I

I I

U UdU
dx x

dUU U x
dx�

�
�

�

� � �



12/21/01 topic12_shocktube_problem 20

Computational Fluid Dynamics (AE/ME 339)                      K. M. Isaac
MAEEM Dept., UMR

Substitution gives
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Similarly an expression can be written for the left boundary
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