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Navier-Stokes Cavity Flow
» Run your code with:
- a41x 41 mesh, o073
dx =dy =0.05 00
- viscosity = 0.01
(giving Re=200) 043
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Navier-Stokes What is happening?

» Try this ... suppose you discretize with central difference the 1D system
ou
—— =0
or
Ou 10u? 10p 0%u

ot ' 20r p Ox e
» Consider a “pressure correction” approach in a fractional step:
- neglect pressure gradient from momentum equation to get temp velocity u*
- obtain updated velocity «™*! with pressure gradient

- use this expression in the discretized continuity equation, rewrite to obtain a
Poisson equation for pressure
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Navier-Stokes Discretized 1D Equations

» continuity U?ﬂl o u?jll o
2Ax
» momentum
utt —up 1 (uip)? = (W 1)®  1pis1 —pia n i — 27 Ui,
At 2 2Ax p 2A2 Az?

» pressure correction:

uj —up 1 (u?+1)2 - (U;LI)Z _ V“?ﬂ — 2ui +uiy

- step1 L U Z _
At T2 oA Aa?
- step 2 w —up  1pia—pie
At p  2Ax
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Navier-Stokes Pressure Equation

» step 2 gives: A
UPit+1 — Pi—1
nt+l _ 2 i+1 ) *
U, P oAy + u;

» use this expression in the discretized continuity equation:

1 [ —Atpips—pi At p; — pi—
( Di+2 i +u:+l+7pz Pi—2 +u;:1) -0

2Azx p 2Ax 2Azx
- rewrite
Dit2 — 2p; + Di—2 _ Luﬂl —uj_y -0
4Az2 At 2Ax
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Navier-Stokes Solution
» “staggered grid” = due to Harlow & Welch (1965)
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Navier-Stokes Collocated vs. Staggered grid

» Cavity flow:
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Step 11 0.0

41x41 mesh

dx=dy=0.05 -0

nu=0.01 giving

Re=200 -0.2
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