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|l n a fantasy

Governing equations for viscous flow are hyperbolic :

Ut+ AUx=0

Intrinsic Features of their CFD codes:

1. Methods for hyperbolic systems apply to the whole system.
2. O(1/n) faster than our NavierStokes codes:

3. Accurate viscous/heat fluxes.

If you have an Euler code, you almost have an NS code
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Two systems are equivalent in the steady state.



Preconditioned Conservative Form

oU oF
p—1 | =S
ot Ox
100 O 0 o - 0
24
010 O 0 pu pustp=T 0
Pl=|001 o0 0 U= |,pp | p=|P-TutTa| g_| g
000 Ty/pw O T Y 7/ o
2
(000 O Ty/u| g : | a/un |
v(vy—1)

The inviscid and viscous Jacobians:

PA = PA! 4+ PAVY



Is It hyperbolic?
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Yes, the viscousrm is a hyperbolisystem.

: Hyperbolic Hyperbolic
FirstOrder NS = Inviscidterm + Viscous term



HyperbolicNavierStokes System
This is a REAL STORY.
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Intrinsic Features:

1. Methods for hyperbolic systems apply to the whole system.
2. O(l/n)f aster t han O6S3tokes dodes:i on a l

3. Accurate viscous/heat fluxes, aburse.

If you have an Euler code, you almost have an R&le.



Hyperbolic NavierStokes Scheme
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Finite-Volume Method:
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Upwind NavierStokes Flux
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where .
PA| ~ |PA"| + |PAY
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Explicit Time Step

Hyperbolic NavietStokes Scheme:
h 1
B =Pl atan; L0 ey x 5y =0/

Traditional NavietStokes Scheme:

h 2 1 2
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O(1/h) speedip to reach the steady state (1/2/3D).

O(1/h) = O(NYPY . 0(100) timesfaster for Imillion nodes.
0(1000) timesfaster for 1 billion nodes.



Viscous Shock Structure Problem
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Program can be downloaded at http://www.cfdbooks.com



