Finite dJIJﬂ erence methods
for compressible flows.
Navier-Stokes equations.



NAVIER-STOKES SYSTEM OF EQUATIONS
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It is often necessai"y to add artificial viscosity using the fourth order derivatives of
the form,
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where € 1s an experimentally determined parameter.
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The convective Jacobian a; can be evaluated as
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The diffusion gradient Jacobians are evaluated as
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A typical implicit scheme may be constructed by linearizing the convection flux,
diffusion flux, and diffusion gradient as follows:
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For simplicity of notation, let the Navier-Stokes system of equations be written as
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Characteristic Boundary Conditions
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Table 6.7.1 Physical and Numerical Boundary Conditions

Numerical W, W

Subsonic Supersonic

[nlet Physical W, W, Wi, Wh, Wi
Numerical Ws None
Outlet Physical W None

W, Wo, W




Supersonic Inflow

Supersonic Outflow

¢y
¢ T

Three characteristics
going into the domain.
(Three physical boundary
conditions required)

Three characteristics going out of the
domain. (No physical boundary
conditions. Instead, three numerical
boundary conditions required)

INFLOW OUTFLOW
Euler Navier-Stokes Euler Navier-Stokes

1-D | p,pv,,pE (i=1) Dirichlet, none (Set Free)
All variables extrapolated

2-D p,pv, ,pE (,' =1, 2) p,pv, ,pE (1‘ Dirichlet, none (Set Free) | Dirichlet, none (Set
PE,n,=0 Free) T =0 (i=12)

pE;n,=0

3-D p,pv, ,pE (i = 1,2,3) p.pv, . pE (,‘ = ]’2,3) Dirichlet, none (Set Free) | Dirichlet none (Set Free)

pE n,=0 t,n,=0 (i=123)
pE n, =0
(a)
Figure 6.7.1

Summary of boundary conditions for compressible flows. (a) Supersonic flow boundary conditions. (b) Subsonic flow boundary conditions.




Subsonic Inflow

Subsonic Outflow
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Two characteristics going into the
domain, one characteristic going out of
the domain. (One numerical and two
physical boundary conditions required)

Two characteristics going out of the
domain, one characteristic going into
the domain. (One physical and two
numerical boundary conditions required)

INFLOW OUTFLOW
Euler Navier-Stokes Euler Navier-Stokes

1-D | p,pE pv, (i=1)

pv, extrapolated All other variables extrapolated
2-D | p.PE P,pPE pv, (i=12) ov, (i=1.2)

pv, extrapolated pv, extrapolated All other variables extrapolated ;;:n /n :_00 (i=1,2)
3-D | p,pE P.pE pv, (i=12,3) pv, (i=1,23)

pv, extrapolated pv, extrapolated All other variables extrapolated | pE n, =0

(b)




SubM

Supersonic Outflow

131._]4 15

/\

INFLOW

Physical boundary conditions, (p, , T})

OUTFLOW

No physical boundary conditions

Numerical boundary conditions
Extrapolate: u, =2u,-u,
Compute: p =PpRT

Numerical boundary conditions
Extrapolate: u  =2u ,—u ..p = 2P, ~P,3
Is=2T,—1;

Initial conditions, p(x,0) = T(x,0) = u(x,0) = 0; If outflow is subsonic, specify p . and set

the others free.
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