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- Introduction
B A= 025 o , : Elastoviscoplastic (EVP) fluids are found in landslides and lava flows,
ks RSN ool N | N T N PEte 8 they behave as a solid when the stress 7, is less than the yield stress 7,

and flow like a liquid otherwise.

solid 7, <7,
EVP =< |
liquid 7, > 7,

The plasticity is parametrized by the Bingham number Bi, = 7,Ay/uuy,
where p is the total dynamic viscosity, A is the Taylor lengthscale, u’is

the root-mean-square fluid velocity, and subscript 0 denotes quantities
from the Bi, = 0O case.

We make direct numerical simulations of an EVP fluid (Saramito, | Non-
newton Fluid Mech. 2007) in homogeneous isotropic turbulence. This
allows us analyse the flux of turbulent energy in wavenumber (k)
space,

PZinj(K) + (k) + D(x) + N (k) = (ef) + (€n) -

On the left-hand side of this equation we have the energy flux due to
the turbulent forcing, advection, Newtonian viscosity, and non-
Newtonian stresses, respectively. On the right-hand side are the
dissipation due to Newtonian viscosity and non-Newtonian stresses,
respectively.

Figure 1.

Instantaneous colour maps of the turbulent fluid dissipation e¢. Liquid
regions are shown with a red-yellow colour scale, solid regions are in
grayscale.

Figure 2. ( a) (b)

(a): Energy spectra of EVP flows with aaay — 1LOOF me== " A PP S
various Bingham numbers Bi,, plotted 10~L :
in colours from dark to light.

Kolmogorov’s turbulent scaling is 1073 Bin
shown by a grey dashed line, while the 3 0.107%1072107 110 107
dash-dotted line shows an apparent 10-° o '/ i
new non-Newtonian scaling E ~ k™, o5l 1%,
Inset: The Taylor-Reynolds number Re P pBea 1500

and solid volume fraction ®. (b): Scale- 0.0b¢2 ls00

by-scale energy balance, as Bi, A R 0.00 s C ..
increases, the non-Newtonian flux 10° 10" K / KL 10 10V 10! K / KT, 102

appears at small scales.
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(a): Longitudinal velocity structure (a) 107 o (b) | T - o

functions S,, S, and S¢. Dashed lines o 8 & gORES Se 20 _'// \

show scalings predicted by K41, and [ 2 -~ T
dash-dotted lines show scalings 518 .0 _
- - 10 |
predicted using E ~ x~>-. (b): The two 10 | g - L ! ! ‘1’ \g% m'S, 1
. S Sp(r) g p(r) Io . & -
scalings collapse onto a single line when 73 [ 43 s 25N Sy . m ! N - - gl ]
we plot the structure functions in ({ee)m) 103 . PAS 7
extended self-similarity form. The LI I & _gv . |
dotted line shows a best fit through the 03 AT >
data for Bi, = 0, which deviates from ) *7" T1.3 - o b So 2 : < ]
the K41 prediction (dashed line) due to 10 : : | 2

intermittency. The inset in (b) reports 50 100 200 500 2 3 4
the multifractal spectrum of €. r/n Sa(r)/S2(A)

Figure 4.
Probability distribution function (PDF) (a) I I I (b) I I I
of (a) ¢ and of (b) ¢, normalised by
(€10), the total dissipation of the 109F . 100F .
Bi, = 0 flow. As Bi,increases, the PDF
of the fluid dissipation rate e slightly PDF PDF
narrows, while the PDF of the non-
Newtonian contribution €y, significantly 102} 4 102 -
widens. It is these extreme values which
are the source of intermittency in the Bi Bi
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structure functions.
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