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What do 2D sheets do when subjected to
shear flow at low Reynolds number?
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A triangulated model is constructed for th
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Bending soft relative to stretching
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Calculating the mobility matrix is challenging
due to long-ranged interactions

Electrostatics Stokes flow
Au— Vp=—f
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Solution for a sphere: o(r) = Irer u(x) = . [I + 7“—2} + 13 §I — 7| ) U

Pairwise interaction calculations can be accelerated on GPUs

A. M. Fiore et al., J. Chem. Phys. 146, 124116 (2017).



Jeffery’s equations govern the motion of
ellipsoids in Stokes shear flow

W = f(wa Vua CL1,CL2,CL3)

Vu Vu
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G. B. Jeffery, Proc. R. Soc. London, Ser. A 102, 161 (1922).



Sheet trajectories for p=0° follow Jeffery orbits

Jeffery orbit for infinitesimally thin spheroids:
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G. B. Jeffery, Proc. R. Soc. London, Ser. A 102, 161 (1922).
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different buckling
modes for ¢ = 0°

At = 11.5
S increasing from left to right




Sheets exhibit different buckling modes

t=0.0 t=0.0 t=0.0

S=3.08x%x10° ¢ =0° S=6.15%x10% ¢ =0° S=3.08x10% ¢ =0°
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Buckling can be predicted with a 1D

quasi-static elasticity model

Assuming 6 governed independently by Jeffery orbit

changing width out-of-plane stress
\ / S
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in-plane stress

Buckling transitions from generalized
eigenvalue problem of homogeneous part:

Aw' = STIBw”
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basis expansion in polynomials
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Buckling can be predicted with a 1D
quasi-static elasticity model

Predicted transitions at angle of
maximum in-plane stress (6 = n/4):
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Some sheets tumble at different initial orientations

0.0 t

0.0 t

0.0

S =38.08 x10°, ¢ =54° S=6.15x10% ¢ =54° S=3.08x103, ¢ =54°
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Sheets can be classified into different dynamical states

Mean orientation via Fréchet mean:

n = arg min Z A; dist(x, ﬁz’)Q
x€S2 ZE{A}

Quasi-Jeffery

Continuously tumbling
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Chaos and crumpling can be characterized with covariance
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Chaos and crumpling can be characterized with covariance
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Thermal fluctuations cause stochastic flipping
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Rheological properties can be calculated
from sheet conformations

Viscosity First normal stress difference
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Universal scaling laws can be predicted by
balancing rotational diffusion with convection

Mean flipping time Flipping time variance Viscosity
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Conclusions

Transient buckling occurs for $=0° with modes predicted by 1D
quasi-static elasticity model

Smaller values of S can result in chaotic, continuously tumbling
trajectories, but not for all initial orientations

Sheets that do not tumble are described well by Jeffery orbits

Thermal fluctuations cause stochastic flipping of sheets and lead to
interesting bulk rheological behavior
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