
Two open problems from

linear stability analysis in hydrodynamics

Christiane Tretter

University of Bern, Switzerland

ICMS Edinburgh, March 14, 2013

– p.1/6



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

Flow of a viscous incompressible fluid between two parallel plates
(linearization of Navier-Stokes):
(
(−D2

x+α2)2+ iαR(V (−D2
x+α2)+V ′′)

)
y = iαRc

︸ ︷︷ ︸

=:λ

(−D2
x+α2)y

y(±1) = (Dxy)(±1) = 0
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Heisenberg’s PhD thesis

published in Annalen der Physik 74 (1924)

“Heisenberg tongue” (1924 and [Lin, 1955])
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Couette flow V (x) = x: linearly stable for all (α, R)

Poiseuille flow V (x) = 1 − x2: Rcrit unknown!!!!

Heisenberg’s conclusion: Rcrit =O(103)

Numerics: Rcrit ∼5772.22 [Orszag 1971]

Guaranteed numerics: Rcrit ≤5772.221818

[Brown, M. Langer, Marletta, C.T., Wagenhofer 2010] – p.4/6



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

(

(−D2
x
+α2)2+iαR(V (−D2

x
+α2)+V ′′) 2Dx

2Dx+iαRU ′
−D2

x
+α2+iαRV

)

︸ ︷︷ ︸

=A

(
y

z

)

=λ

(

−D2
x
+α2 0

0 I

)

︸ ︷︷ ︸

=B

(
y

z

)

on [0, ∞), lim
x→∞

U ′, V, V ′′ = 0.
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√
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Open: • σp(L) discrete or dense to the ‘right’ of σess(L)?

• critical Reynolds number Rcrit?
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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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