18.336 spring 2009 lecture 23 05/05/08
Navier-Stokes Equations
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Incompressible flow, i.e. density p = constant.
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(1) ug + uuy + vuy = —py + ﬁ(um + uy,)
(2) v + uvy +vv, = —p, + ﬁ(vm + Uyy)

(3) ug + vy, =0
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3 unknowns, 3 equations
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DAE (Differential Algebraic System), (3) is a constraint




Solve by projection approach:

In each time step
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II. Project on divergence-free velocity field
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= Vip = A_tv -U*  Poisson equation for pressure

Discretization:
Boundary conditionsu=0=v
Solution:
u=uv=0,

p = constant
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But: Central differences
on grid allow solution

Uy = Vi =0,
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Boundary Conditions:
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Numerical Method:

I. a) Treat Nonlinear Terms

g + vuy = (u?), + (uv),
uvy + v, = (uv), + (v?),  (use u, + v, =0)
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I. b) Implicit Diffusion

-  — = _—K2D.U*
At Re U

= — = _—_K2D.V*
At Re -

5 point Laplace stencil with Dirichlet boundary conditions

II. Pressure Correction
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