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Background

The dynamics of an incompressible fluid may be described by the
Navier-Stokes-equation

∂tu +∇ · (u : u) = ν∆u −∇p (1)

where the solution u has to fulfill

∇ · u = 0 (2)

This may be solved by using a classical solution of the
Navier-Stokes-equation and projecting this solution on its solenoidal part or
by making use of the pseudospectral method.
We are going for the latter solution. The equation is Fourier transformed to
derive an ODE for ũ.
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Objective 1

Convince yourself that the pressure may be derived from the
incompressible Navier-Stokes-equation , yielding

p =
kαkβ

k2 (ũαuβ) (3)

and that the incompressible Navier-Stokes-equation has the form

∂ũα

∂t
= −ikγ

(
δαβ − kαkβ

k2

) (
ũβuγ

)
− νk2ũα (4)

(5)
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Objective 2

Write a two-dimensional pseudospectral code.
Consider the following

uαuβ has to be evaluated in real space
The k are physical quantities. In numerical Fourier transforms k has
values ranging from 0 . . .N − 1 which represent physical k values
0,1 · · · − 2,−1
After every Fourier transform the upper half of the k space is flawed by
aliasing. Set that part to zero
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Objective 3

Use

Ψ(x , y) = ez

(
exp(−(x − 1

2
L−∆)2 − (y − 1

2
L−∆)2) (6)

±exp(−(x − 1
2

L + ∆)2 − (y − 1
2

L + ∆)2)

)
(7)

as initial data (u = ∇×Ψ) with a simulation box size L× L.
Plot colorful pictures. Movies give extra points.
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