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Navier-Stokes Cavity Flow

‣ Run your code with: 

- a 41 x 41 mesh, 
dx = dy = 0.05

- viscosity = 0.01 
(giving Re=200)

- high-frequency 
oscillations on the 
pressure!
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Navier-Stokes Discretized 1D Equations

‣ continuity

‣momentum

‣ pressure correction:

- step 1

- step 2
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Navier-Stokes Pressure Equation

‣ step 2 gives:

‣ use this expression in the discretized continuity equation:

- rewrite
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Navier-Stokes Solution to the problem

‣ “staggered grid”           due to Harlow & Welch (1965)
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Navier-Stokes Staggered-grid equations

‣ continuity

‣ with a fractional step, we have

‣ leading to the Poisson equation:
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This completely eliminates the problem of 
small-scale oscillations!



Navier-Stokes in 2D

‣ 2D staggered grid
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‣Write “staggered-grid” finite difference approximations for:
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‣ horizontal velocity located at the mid-points of the vertical “cell edges” 
and vertical velocity at the midpoints of the horizontal cell edges.
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‣ to get, e.g., convection terms
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‣ Cavity flow:

11

Step 11
41x41 mesh
dx=dy=0.05
nu=0.01 giving 
Re=200

Navier-Stokes Collocated vs. Staggered grid

‣ HW’65 introduced “marker and cell method”

- included a ste of marker particles to follow free surfaces (now obsolete)

- current usage of “MAC method”

‣ projection method using a staggered grid
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historical notes



Navier-Stokes Boundary Conditions
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‣ in practice, B.C.s are stipulated separately for the different types:
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‣ “fractional step method” or “projection method”
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‣ the projector is not identical with the pressure
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‣ equation for 
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‣ Final note ... 
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