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Elastoviscoplastic fluids

solid (unyielded) T < T,
Elastoviscoplastic

(EVP) fluids
liquid (yielded) T > T

With elastic effects present in both solid and liquid states.

CBC News - Mudslide barrels through Swiss town https://mycal.com.pe/medio-ambiente/tratamiento-de-lodos/
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Previous research in turbulent EVP flows

Rosti et al. (JFM 2018) made the first numerical simulation of an EVP turbulent channel

flow
$T T volume of unyielded region

4 3 drag

Le Clainche et al. (JFM 2020) applied higher order dynamic mode decomposition (HODMD)

17y T length of streamwise velocity streaks

Mitishita et al. (JNNFM 2021): verified these results experimentally.

Rosti et al. (JFM 2018)
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?"F%% Objective

We study a statistically homogenous and isotropic flow of an EVP fluid

How are Kolmogorov’s (1941) predictions affected when the fluid is elastoviscoplastic?
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Numerical Setup

Flow equations are solved on a 10243 grid with
periodic boundary conditions in x, y, z.
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Effect of plasticity on the kinetic energy spectrum

* Bulk properties (Re, and @) increase for Bi, > 1 10~1
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The energy flux due to each term in the Navier-Stokes equation
is given by the balance:

Finj(k) + (k) + D(k) + N(k) = (er) + () = (er),
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Scale-by-scale energy balance
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Structure functions and intermittency

* Structure functions allow us to test Kolmogorov’s hypotheses :
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Kolmogorov, J. Fluid Mech. 13, 82-85 (1962).
Benzi et al, Phys. Rev. E. 48, 29-32 (1993).
Mandelbrot, J. Fluid Mech. 62, 331-358 (1974).
Frisch, Cambridge Uni. Press (1995).
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Intermittency of the dissipation

e Turbulent kinetic energy is dissipated by the fluid and the non-Newtonian stresses; €, = € + €,
\ \
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The distribution of €¢ narrows and of €, significantly broadens as Bi, increases.

= The extreme values of €, are the source of the enhanced intermittency.

Bip= [0, 0.0025, 0.025, 0.25, 2.5, 12.5,
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Conclusion

By means of unprecedented high-Reynolds-number DNS of an elastoviscoplastic fluid, we have shown that:

* Plastic effects significantly alter the classical turbulence predicted by the Kolmogorov theory for Newtonian
fluids

* The non-Newtonian contribution to the energy balance becomes dominant at intermediate and small scales
for large Bingham numbers, inducing the emergence of a new intermediate scaling range in the energy

spectra between the Kolmogorov inertial and the dissipative ranges, where energy spectrum decays with a
-2.3 exponent

* The flow in the presence of plastic effects is more intermittent than in a Newtonian fluid, due to the
dissipation rate, which includes a new plastic contribution that grows with the Bingham number

‘Thank‘yo‘u!
HOHES5C3VET !

Cannon: Turbulence and intermittency in homogeneous isotropic flows of elastoviscoplastic fluids ‘



&

Homogeneous isotropic turbulence (HIT)
with Rep = 435 on a 10243 grid

Numerical Setup
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Structure functions and intermittency

* Structure functions allow us to test Kolmogorov’s hypotheses
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Frisch, Cambridge Uni. Press (1995).
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Effect of elasticity
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FIG. S2. Probability distribution function (PDF) of (a) the fluid dissipation rate e and of (b) the non-Newtonian dissipation
rate €, averaged over time for Biy = 25 at Wi, = 0.01 (solid line) and Wi, = 0.001 (dashed line).
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Energy fluxes ﬁ

L7, & i 23 2
% +G = —-z'ﬁ:% ~ v+ fiy 4 oo (S6)

where G is the Fourier coefficient of the non-linear convective term appearing in Eq. || and i is the imaginary unit.
Similar equations can be obtained for the complex conjugate w*. When Eq. (S6)) is multiplied by @, the pressure

term —ik - ﬂ*‘—; vanishes due to the incompressibility constraint (Eq. || ), and the viscous term —vx2@ - 4" can be

expressed in terms of the kinetic energy; —92uk2E. The same holds when multiplying the momentum equation of @*
by u. By summing the two equations for u and " and dividing by 2, we have an expression for the time evolution
of turbulent kinetic energy E(k,t)

db:l(:) =T(k) + V(5) + Fij(5) + Fovp(r), (S7)

where the terms on the right-hand side represent the following contributions: 7" = —%(é o LT - ) is due to

the non-linear convective term, V = —2vx2F is due to the fluid dissipation term, f:'inj = %(finj -at + fi*m- - 1)
is due to the external forcing, and ﬁ‘evp — ( fevp a* + fevp i) is due to the non—Newtonian stress. The one-
dimensional energy spectrum E(k.t) can be obtamed by isotropically averaging Eq. ( over the sphere of radius &
(i.e., E(k,t) = ffS(n) k,t)dS(k), where S(x) is the sphere defined by & - k = k2),

dFE (k)
dt

= T(k) + V(K) + Finj(k) + Fevp(K). (S8)

where 4 W becomes zero for a statistically stationary flow. Integrating Eq. from &k to infinity, we obtain the
energy-transfer balance

0:H+D’+}'im-+N’._ (S9)
where II(x f T(k)dk, D'(k) = fﬁ V(k)dr, Finj(k f Finj(k)dk, and N'(k j Feyp(k) dk represent the

contrlbutlons to the spectral power balance from the non—hnear convectwe fluid d18$1pat1011 turbulence forcing, and
non-Newtonian terms respectively. The fluid dissipation term can be expressed as D(k) = — fn (k) dk = D'(K) + €,
where €5 = — fo (k) dk is the energy dissipated by the fluid viscosity. Sln:ularly, the non-Newtonian contribution can
be written as (k) = — Fevp(rc) dk = N'(k) + €5, where €, = — [ Feyp () dk is the non-Newtonian dissipation.
Substituting this in Eq. (S9)), we obtain the energy balance equation (Eq. (1)) used in the main letter.
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?% Elastoviscoplastic material

Pluronic F127

Pluronic F127
molecules

Pf127 solution of 20 wt % * M

. PEO,(o-PPOgs-PEQO 4
* At low temperatures (T) and concerations (C): AN A A AN
PEO and PPO are soluble in water W
e Above C.i = 12 wt % as T increases:
Hyprophobicity/solubality of PPO blocks decreases — micelles formation

Rheological measurements™*
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*Hopkins et al. J. Rheol. 63, 191-201 (2019).

** Varchanis et al. PNAS. 201922242 (2020).
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