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Introduction
Elastoviscoplastic (EVP) fluids are found in landslides and lava flows, 
they behave as a solid when the stress  is less than the yield stress  
and flow like a liquid otherwise.

The plasticity is parametrized by the Bingham number , 
where  is the total dynamic viscosity,  is the Taylor lengthscale,  is 
the root-mean-square fluid velocity, and subscript 0 denotes quantities 
from the  case.

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

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 . Liquid 
regions are shown with a red-yellow colour scale, solid regions are in 
grayscale.
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Figure 2.
(a): Energy spectra of EVP flows with 
various Bingham numbers , plotted 
in colours from dark to light. 
Kolmogorov’s turbulent scaling is 
shown by a grey dashed line, while the 
dash-dotted line shows an apparent 
new non-Newtonian scaling . 
Inset: The Taylor-Reynolds number  
and solid volume fraction . (b): Scale-
by-scale energy balance, as  
increases, the non-Newtonian flux 
appears at small scales.

Figure 3.
(a): Longitudinal velocity structure 
functions  and . Dashed lines 
show scalings predicted by K41, and 
dash-dotted lines show scalings 
predicted using . (b): The two 
scalings collapse onto a single line when 
we plot the structure functions in 
extended self-similarity form. The 
dotted line shows a best fit through the 
data for , which deviates from 
the K41 prediction (dashed line) due to 
intermittency. The inset in (b) reports 
the multifractal spectrum of .

Figure 4. 
Probability distribution function (PDF) 
of (a)  and of (b) , normalised by 

, the total dissipation of the 
 flow. As increases, the PDF 

of the fluid dissipation rate  slightly 
narrows, while the PDF of the non-
Newtonian contribution  significantly 
widens. It is these extreme values which 
are the source of intermittency in the 
structure functions.
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We perform extensive direct numerical simulations to investigate turbulence in elastoviscoplastic
fluids at very high values of Reynolds number, as found in landslides and lava flows, focusing on
the e↵ect of plasticity. We find that the range of active scales in the energy spectrum reduces when
increasing the fluid plasticity; when plastic e↵ects dominate, a new scaling range emerges between
the inertial range and the dissipative scales. An extended self-similarity analysis of the structure
functions reveals that intermittency is present and grows with the fluid plasticity. The enhanced
intermittency is caused by the non-Newtonian dissipation rate, which also exhibits an intermittent
behaviour. These findings have relevance to catastrophic events in natural flows, such as landslides
and lava flows, where the enhanced intermittency results in stronger extreme events, which are thus
more destructive and di�cult to predict.

INTRODUCTION

Many fluids in nature and industry exhibit a non-linear relationship between shear stress and shear rate, which
is referred to as non-Newtonian behaviour. Several non-Newtonian features can exist, and they are often present
simultaneously. Here, we focus on the so-called elastoviscoplastic (EVP) fluids, which are fluids with elastic, viscous,
and plastic properties. EVP materials combine solid-like behaviour and fluid-like response depending on the value
of the applied stress: they behave like a solid when the applied stress is below a critical value known as the yield
stress, and flow like a liquid otherwise [1]. The elastic nature of these materials is present in their solid as well as
liquid states [2]. Such fluids are common in everyday life (e.g. toothpaste, jam, cosmetics, mud), and turbulent flows
of EVP fluids are found in many industrial processes, including sewage treatment, crude oil transportation, concrete
pumping, and mud drilling [3–5], and they are also found in nature as landslides and lava flows [6, 7].

A great deal of work has been done in the past to properly characterize the viscoelastic behaviour of a fluid in both
laminar and turbulent flows [8–13], while the e↵ect of plasticity has been studied mainly in low-Reynolds number
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FIG. 1: Instantaneous colormaps of the turbulent fluid dissipation ✏f in homogeneous isotropic turbulence of an EVP fluid at
di↵erent Bingham numbers. Yielded regions are shown with the black-red-yellow colorscale, while unyielded regions with the
black-gray-white one.
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