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Polymers and turbulence

Re
Drag Elasto-Inertial Turbulence
S reduction » Non-laminar chaotic state
5 ) e Elastic and inertial
S l=————— - - . instabilities
I 1
9 EIT I
| | .
=2 B 2D
E " * Small-scale critical
8 Elastic
turbulence




Friction factor — Simulations

Channel flow (FENE-P)
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Friction factor — Experiments

Pipe flow with 500 ppm PAAm solution
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Numerical methodology
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* DNS with FENE-P model
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 Periodic channel flow (const. pressure gradient)

* 2D (512x128) and 3D (256x128x128)

* Initial perturbation (blowing and suction at walls)

e 2 different codes with different numerics



FENE-P model

Continuity V-u=0
ou pl, |1-p dP
—+(u-Viu=-Vp+=V-u+ V-Th—e
Momentum Py ( ) P Re Re e

T= : ¢ o |
Polymer stress Wil 1- w2

Conformation ~ 9C (u-V)C=Vu-C+C-Vu' -T
tensor Jt

Ratio of solvent viscosity to zero-shear viscosity £ =0.97

Maximum polymer extension L=70.9
Reynolds number Re" =85
Weissenberg number W1 =40, 100

Similar results at lower Re*
Xi & Graham (JFM, 2010) ©



Advection and small scales
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Advection Nonlinear source term GAD
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Global artificial diffusion (GAD)
@- Used by many with Sc_ .~ 1
* But Sc ~ 106

* No diffusion
polymer

* Hyperbolic
* Sub-Kolmogorov scales

Local artificial diffusion (LAD)

G- Only locally applied
* Never needed at low Re

* Need stabilization =




3D simulation at supercritical Re

Some spanwise
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3D simulation at supercritical Re
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2D simulation at subcritical Re

Polymer extension
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2D simulation at subcritical Re

Streamwise velocity fluctuations




PIV measurements in viscoelastic pipe flow

Streamwise velocity fluctuations at Re,, = 3150
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2D simulation at subcritical Re

Friction coefficient
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Schmidt number effect
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e S¢c ~< 9 lead to laminarization!

* Drag and polymer extension increase with Sc
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Integrated streamwise spectrum of kinetic energy

2D, Wit =40
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Integrated streamwise spectrum of kinetic energy

Re" =85, S¢ =

102, e 3D at lower Wi shows
(@ (E,)) Newtonian features
¥ ya! 100 * 3D at larger Wi similar
to 2D (less inertial
102 contribution)
104 3D, Newtonian
3D, Wi =40
3D, Wit =100
1071 op, Wit =40
10752 10~ 10" 10°
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Conclusions

* EIT is mostly 2D
 Small scales are critical

* Need to respect physics
(high Schmidt number)

Open questions
 EIT = elastic turbulence?

e EIT = ultimate MDR state?

* Theory (predictions, shape of
spectra, ...)
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Schmidt number effect

Time-averaged streamwise spectra

Kinetic energy Elastic energy
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Small scales are critical!
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Schmidt number effect

Turbulent kinetic energy

0.12 Sufficiently high Schmidt number
k" is required to sustain EIT
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Schmidt number effect

Ratio of Kolmogorov (13/£)'4 to viscous length scale (v/u.)
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Sc=100 - Influence of the mesh
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Wim=310, Re" =40, /=097, L=70.9, GAD
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Sc=100 - Influence of the mesh

Time-averaged streamwise spectra

Kinetic energy Elastic energy
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GAD vs. LAD

Time-averaged streamwise spectra

Wim=310,Re" =40, =097, L=70.9, GAD/LAD
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Code comparison

Mean velocity Mean polymer extension
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Transfe
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2D simulation at subcritical Re

Polymer extension
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