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Collaboration

Jeffrey Everts Bogdan Cichocki

Everts, J. C., & Cichocki, B. (2024). Dissipative Effects in Odd Viscous Stokes Flow
around a Single Sphere. Physical Review Letters, 132(21)
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Introduction and motivation

® We are interested in anisotropic fluids:
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Introduction and motivation
® We are interested in anisotropic fluids:
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Anisotropy due to shape # Anisotropy due to rotation

® Onsager reciprocal relations — Onsager-Casimir reciprocal
relations

Napuv (£) = Nuvap (—2)
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Introduction and motivation

® We are interested in anisotropic fluids:
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Anisotropy due to shape #  Anisotropy due to rotation

® Onsager reciprocal relations — Onsager-Casimir reciprocal
relations

naﬂ;w(e) = nuvaﬁ(_e)
® Antisymmetric part of viscosity tensor —> odd viscosity
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Introduction and motivation

Question: How does odd viscosity affect the flow around a
sphere?
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Stokes flow around sphere

Linear momentum balance for incompressible, steady flow in low

Re regime:

V.-o=0, _ N
{ V.ov=0 + No-slip boundary conditions
Stress tensor: o = —pl+ n : Vv
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Stokes flow around sphere

Linear momentum balance for incompressible, steady flow in low

Re regime:

V.-o=0, _ N
{ V.ov=0 + No-slip boundary conditions
Stress tensor: o = —pl+ n : Vv

Model fluid with one shear
and one odd viscosity 7s, 7o

nsV2u(r) — Vi(r) + no(£- V)[V x v(r)] =0
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Flow around sphere

. . . i o 2 2
Solution in ordinary stokes flow: v(r) = 67rnsa<1 + %V )G -U
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Flow around sphere

Solution in ordinary stokes flow: v(r) = 67rnsa<1 + ‘362V2> G-U
Stokes drag: F = 67nsal
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Flow around sphere

Solution in ordinary stokes flow: v(r) = 67rnsa<1 + 362V2> G-U
Stokes drag: F = 67nsal

Solution for anisotropic fluid with odd viscosity:
v(r) = LoG(r) - ¢ - U,

_ [y2n()+4](1-£E+2+f (7)e-€) 12 _
¢t = 247”753{ . 432f(7)2+[4+7gn(*7]2 + 272m(7)+4} ’ ;
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Flow around sphere

Solution in ordinary stokes flow: v(r) = 67rnsa<1 + %2V2> G-U
Stokes drag: F = 67nsal

Solution for anisotropic fluid with odd viscosity:
v(r) = LoG(r) - ¢ - U,
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Velocity field (azimuthal component)

Exact solution for U || £:

3aU arcsin(R71) 175
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Velocity field (azimuthal component)

Exact solution for U || £:

v(r) = 3al {[arcsin(Rjrl) 1]2
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What about U | £?
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Current work

® Finding flow field around translating sphere for general
direction of U,

® Finding flow field around sphere in linear shear flow,

©® Computing stress tensor of the fundamental solution.
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Current work

® Finding flow field around translating sphere for general
direction of U,

® Finding flow field around sphere in linear shear flow,

©® Computing stress tensor of the fundamental solution.

Thank you for your attention!
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