
!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
!

!
!
! Eidgenössische
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Eidgenössische Technische Hochschule

CH-8092 Zürich
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Abstract

We show, by way of an example, that the solution of a system of hyper-

bolic conservation laws exhibits an unexpected behavior if a source term is

present. The example is the system of Euler equations for N species in two

space dimensions. If the source term is not present and in the initial and

inflow conditions a fixed mixture of species is prescribed then the solution

basically behaves like the flow of an ideal gas, except that there are addi-

tional equations for the different species. However, introducing the chemical

reaction terms produces a thin boundary layer, which makes numerical com-

putations of the two-dimensional problem extremely difficult, if not impossible

for todays computers. In addition this boundary layer is unphysical. We shall

analyse the boundary layer in a one-dimensional calculation along the stag-

nation point stream line. In M. Fey and R. Jeltsch, in Proceedings of the 9th

GAMM Conference on Numerical Methods in Fluid Dynamics, a modification

of the Van Leer flux vector splitting is presented which is able to indicate the

presence of the boundary layer in a two-dimensional calculation.

Key words: chemical boundary layer, geometrical singularities

Subject Classification: 35L65, 65M99, 76K05, 76N15

1Institut für Geometrie und Praktische Mathematik, RWTH Aachen, D-5100 Aachen, Germany























0.00 0.25 0.50 0.75 1.00

10.0

12.5

15.0

17.5

x/x
s

!/!
"

v
y
=1000

v
y
=10000

v
y
=100000

v
y
=100



0.00 0.25 0.50 0.75

 1900

 1950

 2000

 2050

 2100

[Pa]

x/x
s

pressure

v
y
=100

v
y
=1000

v
y
=10000

v
y
=100000



0.00 0.25 0.50 0.75

1.00E4

1.50E4

2.00E4

x/x
s

temperature

[K]

v
y
=1000

v
y
=100

v
y
=10000

v
y
=100000



0.00 0.25 0.50 0.75 1.00

0.00

0.10

0.20

0.30

0.40

0.50

x/x
s

mass fraction of nitrogen atoms

v
y
=100

v
y
=1000

v
y
=10000

v
y
=100000



0.000 0.005 0.010 0.015 0.020

-1.0

-0.5

0.0

x[m]

#
i
/!

[!sec
-1

]



0.00 0.01 0.02

0.0

0.1

0.2

0.3

0.4

BVP

LDVL

SVL

Y
N

x[m]




