derivation of turbulence models, e.g.
» compulational fluid mechanics (CFD): numerical simulations

» many fields of application:
» aerodynamics: aircraft design, car design, ...
» thermodynamics: heating, cooling, ...
* process engineering: combustion
* material science: crystal growth
» astrophysics: accretion disks
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- think of the different characteristics of honey and water
» Newtonian and non-Newtfonian fluids

- the latter may schon some elastic behaviour (e.g. in liquids with
particles like blood)

e /aminar or turbulent flows
- turbulence: unsteady, 3D, high vorticity, vortices of different
scales, high transport of energy between scales

» typically: all require different models
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ot

%(pﬁ)+ (U Ifgl]ra:l)(pﬁ)+ (pU)diVU - pg-diva =0 momentum

equation
» above quantities: _u v ow
~ divi=—+—+—
U = (u,V, W) velocity O tension tensor ox 0y 0z
o) density P op Jp
o] gravity X 0y 0z
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» introducing Reynolds number Re (dimensionless,
essentially reciprocal of viscosity and some scaling),
we finally get the famous Navier-Stokes equations:

0 1
— U+ (0grad)i +gradp=—Al +§
o 0+ (@tgrad)i + gradp == A+
divi=0
» two coupled PDE, nonlinear
* involving velocity and pressure, 1. and 2. spatial derivatives
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y p
normal derivative are 0).
* inflow:

- Both tangential an normal velocitiy components are prescribed
(defined inflow).

« outflow:

- Both velocity components do not change in normal direction
(free outlet without restrictions).

» periodic:
- Same velocity and pressure at inlet and outlet.
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- Laplacian: standard 5- or 7-point stencil
- first derivatives: mixture of central differences and upwind
- derivatives of nonlinear terms: as first derivatives
 time discretization:
- explicit Euler scheme (simple, but stability restrictions)
» coupling of equations:
- Chorin‘s projection method; leads to a Poisson equation for the
pressure
 solution of SLE:
- SOR
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» parallelization:
» simple data parallelism, domain decomposition
» straightforward MPI-based parallelization
» target architectures:
* (real) parallel computers
¢ clusters (NOW)

» The rest is (some ©) programming!
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» particle tracing

» finally some examples for visualized flows:

Ein paar NAST-Bildchen!
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including some pretty pictures and movies to see
what you‘ve done.

» In addition to that, you will meet again many of the
topics discussed in this introductory course during the
CSE program - in more detail, and related to other
topics or applications.

» For now, that's all © - see you!
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