12.1 Video Unit for [Lecture — Section 12.1]

ETH Lecture 401-0674-00L Numerical Methods for Partial Differential Equations

Course Video

Section 12.1: Modeling the Flow of a Viscous
Fluid

Prof. R. Hiptmair, SAM, ETH Zurich

Date: May 9, 2024
(C) Seminar fur Angewandte Mathematik, ETH Zdrich

Prerequisites.
« Vector analysis, in particular the operators curl and div

Dependencies. Section 10.1,

Duration: 30 minutes

c Video and accompanying tablet notes may not match completely!

[Corrections and updates may have been made in tablet notes.]
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§R102  Ceping. flows

- Reynolds number  Re:= pvL , (12.1.0.3)

__where (ford =3) 4 p = density of the fluid ([p] = kgm?)

4+ V = typical velocity of the fluid ([V] = ms™)
4+ L = characteristic length of the region of interest Q) ([L] = m) —
4+ 1 = dynamic viscosity ([#] = kgm!s71)
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V= {v . 0 — R continuous, divv =0, v,y = 0} . (12.1.06)

Assume: ]We take for granted that the energy dissipation for a viscous fluid moving with velocity
—v:Q— R

&mwyféymﬁ?um%u (12.1.0.8)
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- “eddy field”, divv = 0 Plot of ||curl v|| for eddy field
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o /y||curlv(x)||2dx:/ f-vdx. (12.1.0.12)
o 9) 0 o
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~ dissipated energy energy injected through forces

> Eguilibriom amdihing

v = argmax{/ y||curl v(x)||*dx: v € V, v satisfies (12.1.0.12)} . (12.1.0.13)
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x* = argmax x!Ax, AeR" g gpp/ (12.1.0.15)
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».
X' = argmax (A7%)T(A?x) = A/ argmax ||y||2 (12.1.0.16)
(A/2%)T (AV2x)=(A""2b) T (A1/2x) vilylP=(a )Ty
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x=A"b & x*=argminix'Ax—b'x. (12.1.0.17)
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v =argmin%/nyncurlv(x)”zdx—/Qf-vdx : (12.1.0.18)
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