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1. Orr-Sommerfeld problem [Orr 1907, Sommerfeld 1909]

Flow of a viscous incompressible fluid between two parallel plates
(linearization of Navier-Stokes):

((—Di—l—az)z—l— iaR(V(—Di—I—az)—I—V"))y = iaRc (—Di—l—aZ)y
y(£1) = (Dpy)(£1) =0 =:A
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((—Di—l—az)z—l— iaR(V(—Di—I—aZ)—I—V”))y = iaRc (—Di—l—az)y
y(£1) = (Dpy)(£1) =0 =:A

Turbulence problem: Find ‘smallest’ Reynolds number R..;; so that
for some « eigenvalues occur in linearly unstable half-plane Re A < 0!
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(linearization of Navier-Stokes):
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y(£1) = (Dpy)(£1) =0 =:A

Turbulence problem: Find ‘smallest’ Reynolds number R..;; so that
for some a eigenvalues occur in linearly unstable half-plane Re A < 0!

Couette flow V(x) = x: linearly stable for all («, R)
Poiseuille flow V(z) =1 — x%: Rt unknown!!!!
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Heisenberg’s PhD thesis “Heisenberg tongue”

Uber Stabilitit und Turbwlenz von Flisaigkeitsstrbmen,

(1924 and [Lin, 1955])
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1. Orr-Sommerfeld problem [Orr 1907, Sommerfeld 1909]

Flow of a viscous incompressible fluid between two parallel plates
(linearization of Navier-Stokes):

((—Di—l—az)z—l— iaR(V(—Di—I—az)—I—V"))y = iaRc (—Di—l—aZ)y
y(£1) = (Dpy)(£1) =0 =:A

Turbulence problem: Find ‘smallest’ Reynolds number R..;; so that
for some a eigenvalues occur in linearly unstable half-plane Re A < 0!

Couette flow V(x) = x: linearly stable for all (a, R)
Poiseuille fow V(z) =1 — x?: R unknown!!!!

Heisenberg’s conclusion: Rerie =0(103)
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1. Orr-Sommerfeld problem [Orr 1907, Sommerfeld 1909]

Flow of a viscous incompressible fluid between two parallel plates
(linearization of Navier-Stokes):

((—Di—l—az)z—l— iaR(V(—Di—I—az)—I—V"))y = iaRc (—Di—l—aZ)y
y(£1) = (Dpy)(£1) =0 =:A

Turbulence problem: Find ‘smallest’ Reynolds number R..;; so that
for some a eigenvalues occur in linearly unstable half-plane Re A < 0!

Couette flow V(x) = x: linearly stable for all (a, R)
Poiseuille fow V(z) =1 — x?: R unknown!!!!

Heisenberg’s conclusion: Rerie =0(103)
Numerics: R..it~5772.22 [Orszag 1971]
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1. Orr-Sommerfeld problem [Orr 1907, Sommerfeld 1909]

Flow of a viscous incompressible fluid between two parallel plates
(linearization of Navier-Stokes):

((—Di—l—a2)2—|— iaR(V(—Di—I—az)—I—V"))y = iaRc (—Di—l—aZ)y
y(£1) = (Dpy)(£1) =0 =:A

Turbulence problem: Find ‘smallest’ Reynolds number R..;; so that
for some a eigenvalues occur in linearly unstable half-plane Re A < 0!

Couette flow V(x) = x: linearly stable for all (a, R)
Poiseuille fow V(z) =1 — x?: R unknown!!!!

Heisenberg’s conclusion: Rerie =0(103)
Numerics: R..it~5772.22 [Orszag 1971]

Guaranteed | numerics: Rt <5772.221818

[Brown, M. Langer, Marletta, C.T., Wagenhofer 2010]  -pas.
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2. Ekman boundary layer problem [Faller 1963, Lilly 1966]

(—=D24-a?)*+iaR(V(=D2+a?)+V") 2D, (y)_)\ —D?2+0a%0 (y)
2D, +iaRU’ —D24+0’+iaRVI\z) 0 I/)\z

A\

N

—A -
on [0,00), lim U’,V,V" = 0.

xr— 00
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2. Ekman boundary layer problem [Faller 1963, Lilly 1966]
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xr— 00

For L()\) = A — A\B: [Marletta/Greenberg 2004, Marletta/C.T. 2006]

Tess(L) ={A€C: L(A) not Fredholm} = {t + i2\/1—0‘72 . t€[a? oo)}
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2. Ekman boundary layer problem [Faller 1963, Lilly 1966]

(—=D24-a?)*+iaR(V(=D2+a?)+V") 2D, (y)_)\ —D?2+0a%0 (y)
2D, +iaRU’ —D24+0’+iaRVI\z) 0 I/)\z

A\

—A —B
on [0,0), lim U, V, V" = 0. Left upper corner: Orr-Sommerfeld!

xr— 00

For L()\) = A — A\B: [Marletta/Greenberg 2004, Marletta/C.T. 2006]

Tess(L) ={A€C: L(A) not Fredholm} = {t + i2\/1—0‘72 . t€[a? oo)}

Open: e o,(L£) discrete or dense to the ‘right’ of oess(L£)?
e critical Reynolds number R..it? u
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Prize for solution (for each problem):

+ Bottle of (true) Champagne:
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Prize for solution (for each problem):

+ Bottle of (true) Champagne:

+ Fast track publication in IEOT ......:
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