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Polymers
coiled state
number of monomers N
monomer length a
radius of gyration ro = N353
typically...

N~ 108 =107, ry ~0.1um

stretched state

r < rmax = linear relaxation
[from experiments with DNA molecules]

relaxation time

T = ‘#rg
= KT

[Perkins et al., Science 264, 819 (1994)]

S. Berti Small scale statistics in viscoelastic turbulent flows



Polymers
Viscoelastic fluids Dumbbell model
Oldroyd-B model
Uniaxial model
Lumley criterion

Outline

0 Viscoelastic fluids

@ Dumbbell model

S. Berti Small scale statistics in viscoelastic turbull



Polymers
Viscoelastic fluids Dumbbell model

Oldroyd-B model

Uniaxial model

Lumley criterion

Dumbbell model

e Flow
stretching

e Brownian motion
thermal fluctuations

e Spring
entropic tendency to coil up

F=(vu)Tr—tr4(22/r) %
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Oldroyd-B model (1)

Single polymer dynamics — Hydrodynamical description

Qoj=r?<rnn> conformation tensor
Du _ ¢ o 198T;. _ TN P
D=fit, o T=T+T stress tensor

o TN =—pdj + pu[(Viu; + Vity) — ZVuydj]

P_ 2
o T =nKorgoj

where
nis polymer concentration
nKorér
n=""0n p=vp
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Oldroyd-B model (II)

For an incompressible (V - u = 0) velocity field we obtain:

ou+ (u-vViu = —-Vp+rvAu-+ F+77T—VV(U—1)

~—_——
feedback

1
o+ Wu-Vio = (Vu) -o+0-(Vu)— (o —1)
 —
relaxation

stretching
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Uniaxial model (I)

Hypothesis [Fouxon et al., Phys. Fluids 15, 7, 2060 (2003)]
@ polymers are stretched: |r| > ry
Q@ c=Bx®B

av®@ = A v@ N > > s Ny

d
P S WY CINPRVUND
a=1

B = mvi“) = gjj = B,'B/‘
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Uniaxial model (II)

r>rn = f:(Vu)Tr—}rJrW

[0' —1 — O inOIdroyd-Beq.]

In this limit we get
{ ou+ (u-Viu

or+u-vyr = (vu)"-r—1r

-Vp+vAu+F+Z(r-V)r

Finally, with the rescaling B = (771//7-)1/2r
oou+(u-vViu = -Vp+vAu+F+ (B-V)B
B+ (u-v)B = (Vu)'-B-1B
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Lumley criterion

Coil-stretch transition: B=(Vu)'B- !B

Wiz \r — Wi < 1 polymers are coiled
- Wi > 1 polymers are stretched

with A the Lyapunov exponent
7(0) ~ e 1/3¢2/3  (K41)

Lumley criterion: 7(¢) ~ 7 = polymers are active at scales ¢ < ¢,
where...

1/2

01~ W) = = [~ (er®)

7(€L)
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Viscous dissipation

Small scale observables

Newtonian accelerations

[La Porta et al., Nature 409, 1017 (2001)]

Re = 63 - 10°

su(r)  du(my) su(n)®
a= lim ~ 8 & g~
r—0 7 Tn n
jnidermimscﬂetms‘?!
h 2h—
su(l) =u(%)" = °Re =

Két= h=1/3 = & ~Re'?

= ’ an 63/47/_1/4 ‘ 1&06715‘ e 5 0 5 - 15
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Viscoelastic accelerations ()

a=gu=-Vp+vAu+F+(B-V)B
1.2 il / 0.8
3/4 X =ajo, o T =0.
g y=a/c! @ i T =12
. Newtonian
01 gauss -
1
0.01
=z
< 09
B
2
08 & 0.001
07 Ie-04 L)
k
"1? )
06 i 0,
0 0.5 1 15 2 25 le-05 o
Wi O» oo
le-06
3 -15 -10 -5 0 5 10 15
v=6-10

Re ~ 504, Ry ~ 87
7 ~ 281,17, ~0.08

ANTy ~ 0.1 — Wi = AyT
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Viscoelastic accelerations: contributions (ll)

3/4 3/4 14 g/ —e—
° Y = agradp/ ‘—,/ » ok / E/‘/ ga.:E//a ——
5 12
‘ 1 + +—+ ¥
0.8
>3
0.6
2 04
1 0.2
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] 0.5 1 15 2 25 0 05 1 15 2 25
Wi Wi
l T [ T/ [ wi [ 9 gradp [ 9 dissi [ T forcing [ 9 bk [ Ta l
[ Newton [ 4.726 [ 0.706 [ 0.296 [ [ 4.8 ]

5.0 | 0.50 | 4.730 | 0.707 | 0.298 | < 1030 | 4.8
70.0 | 1.00 | 4.329 | 0.643 | 0.297 0.631 74
725 | 1.05 | 4.015 | 0.655 | 0.293 0.902 | 4.1
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S. Berti Small scale statistics in viscoelastic turbull



Small scale observables

Accelerations
Viscous dissipatio

n

Viscoelastic accelerations: contributions (llI)

leading contributions:
pressure gradient —Vp — agradp

feedback

(B . V)B — afpk

a fbk * a gradp

COS(G) = Tk @gracp|

Orientation pdf

| 1=0.8
=12 =
+ =14 -©
i
P i
3 3
L
MMV“L:
X = cos(0) q
. . |
-1 -0.5 0 0.5

Polymers tend to oppose to pressure gradients
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Small scale observables

Viscous dissipation (I)

Accelerations
Viscous dissipation

ew=73< Z,j(a,-u,-+a,u,)2 >; e=<u-F>
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Viscous dissipation (ll)

2
ew=3< Z,’I’(aiuj+8jui)2 >, €g =< @ > eg=<u-F>
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Conclusions and future work

Conclusions...

@ Polymers reduce rms accelerations, but they substantially do not
affect the shape of their probability distributions.

@ Viscous dissipation is reduced by the addition of polymers. At
moderate values of elasticity, €,/¢; displays a very weak
dependence on Wi.

© The first two points suggest the idea that turbulence is still active
below the Lumley scale ¢, though with a reduced energy flux.

...and future work
@ Analysis with a more realistic (FENE-P) model

@ Comparison with experimental results
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