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1D elastic structures
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—uler buckling
P

Filaments undergo a variety of P

instabllitl -

MSIAbIIES Y V Under small deformations
. A

Depend on type of applied force A ~ \/A — A,

And material properties of filament a /
Simplest of them is buckling L?:“ ----------
instability of Euler \
Filament with finite stretching &

bending modulus undergoes A — Amplitude of buckling

pitchfork bifurcation




Knots & DNA plectonemics

F.., Under the action of external
Inner solution force and moments, DNA forms
plectonemes!

Inner solution

—

N. Clauvelin, B. Audoly, and S. Neukirch. Macromolecules 41(12):4479-4483,2008



Instabllity of flexible helical rod
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Experiments - Simulations
Speed: 5X
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M. K. Jawed, N. Khouri, F. Da, E. Grinspun and PM. Reis, "Propulsion and instability of flexible helical rod rotating in viscous fluid" Phys. Rev. Lett., | 15, 168101 (2015)



E (800kPa, 240k Pa)

Expeﬂments d — 0.57mm, 1.0dmm

L, 4.6cm — 7.2cm

Glycerol as
working fluid
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EXperiments

— FE ~ 240k Pa

0.2

Elastic energy, &

©
S

—
S

S
O

Elastic energy, &£

4“

N
P 7Y

Increasing L

“‘Ib—l‘

Ll I \\\HH"'? -
10 | 10t (| 107

10—3

t/T

— B ~ 800kPa

1

J
Y

W " go 20 10 60
4 | ~ t(sec)
0 1 2 3 4
t/T 1072
—d ~ 0.57Tmm
T T T TT]
1
0.8
0.6 ¥ . _
0.4 /

02 N
77 | ]
| 1110 | 1110
—4 3 9

(1CZ:) :1.() t://'7- :1_()

t(
r(s)
s=1L s=0
|<--E(t->'>| €T
B [V
Eel = — Kk*(s)ds
2 0

B — Bending modulus
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Eel ™~ d4,7' ~ d~4

Overall factor of 26.6
between slowest and fastest
time of relaxation
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1 heoretical moael
:—/ ds—l—/OOOT(){\t( )|* — 1}ds

e|sotropic drag T

due to fluid —Iashc energy Length constraint

e Hydrodynamic

interactions BT T = —BTssss + Os[T(s)7]
cr&\e/gt‘t?r?éed (Oss — ‘TSS‘Q)T(S) — _(3|T888|2 + 4(Tss - Tssss))
properties

Boundary conditions
TSS(O) — rsss(o) — TSS(LOO) _: rss§(Loo) :_ 0

neglectead

ero moment and force



Numerics

Simulation captures experiments except for an O(1) number!



Results

Loy = — Tssss + Os| T (8)7]
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Force due to tension and bending
very similar in magnitude



lension
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® [ension Is inevitable at large deformations
o\\Vithout this, viscous dissipation over-predicted



lension

Location where Tension goes to zero depends on:
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Case of thin-films & infinitely long filaments
N\

TITVIP T T ITT I T I 2 70077007

\ l / Happens to be the same equation

for filaments in the linear Imit

-------------

Q) = —uk*

Benzaquen et.al. “Approach to universal self-similar attractor for the levelling of thin liquid films.” Soft Matter, 2014, 10, 8608 (2014)



Asymmetric initial condition

Fllaments that start with asymmetric initial condition
move to symmetric stresses

After attaining symmetric stress, they continue to
remain symmetric

This seems to be the case for any arbitrary initial
asymmetric perturbation (in expts.)




Asymmetric initial condition

L/2
¢:/O K(L/2 —s) — k(s)|ds
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Tension is indispensable for this to happen



Asymmetric initial condition

Symmetric curvature minimizes total elastic energy

/ " ((s) — e(s))ds + | 7 k(s) + e(—s>>2d{

J-L/2

/L/2 2 (s)ds + /OL/Q(EQ(—S) + EQ(S))ds:

J-L/2
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Tension is indispensable for this to happen



Thank you!



