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Outline: 

• Comments on shear bands: Couette 
test case. Particles in flows. 

• Hysteresis in fluids?  

• Model for the same. 

• Conclusions/perspectives. 



Shear-banding in complex flows 

 



Transient shear banding 
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Couette device, 

 yield stress fluid (𝜎 = 𝜎𝑐 + 𝐵ε𝑡
𝑘 ) 
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Attractive colloids and (T)SB 

Lambda-models and other structural 
models…. 

Particle Balance Equations… viscosity 
equation, cluster swelling (fractal 
dimension). 

Fractal aggregates plus PBE plus 
effective viscosity: 



Virtual rheometer 

 



TSB - results 

 

Role of cohesion, volume fraction, shear rate… 



Non-Linear Structural Model 



NLS behavior 

• Shear thinning… 

• TSB… (Puisto et al. PRE 2013, see also talk 
last week and Soft Matter 2014, PBE) 



Shear thinning model 



Simple model: results 

 



A little stop 

 

The previous story: even ”Simple Yield 
Stress Fluids” have shear bands in 
typical experiments. 

They thus appear to be thixotropic in 
spite of a unique steady-state… 

What happens if you vary stress/shear 
rate systematically…? 

 

 



Experiments 

Wait a second: fluids exhibit hysteresis 
in the effective flow curve - stress vs. 
shear rate, σ(εt) at finite rates.  

What is the reason? 



Case: Laponite 

The main parameter 

of a rheological test: 

Waiting time at a given 

shear rate or applied  

stress. 

Shear bands appear… 



Hysteresis loop area 

Measure both 

the flow curve 

and use US  

Velocimetry. 

 

A peak: classical 

Dynamical Hysteresis 

 



The paradigm of DH 

The loop area: 
maximum. 

Low and high-
frequency tails? 

Dominating 
processes, location 
of the peak. 

(Ising magnets) 

Example: a 
disordered system 
(Laurson, Alava, 

PRL 2012) 



Faster relaxation:  

Carbopol: ideal Yield 
Stress Fluid (HB-fluid), 

Transient Shear 
Bands. 

No peak, but decaying 
hysteresis. TSBs. 



Universality? 

Summary of experimental fact: a single 
hysteresis loop area curve. 



Minimal model…. 

Origin of hysteresis: 

Response of the 
internal structure. 

Shear-bands? 

Viscoelastic (Maxwell) 
relaxation? 

Repeat the TSB 
program…. 

 

  

Puisto et al, Soft Matter subm. 



Look at the viscosity… 

The hysteretic response originates 
(mostly) from the internal response: the 
viscosity shows inertia as a 
consequence. 



Role of TSB: gap velocity 

Comparison of 
”MF” and spatially 
explicit (Couette) 
case: yes, the 
TSB(s) depend on 
waiting times. 

Effect however… 



Role of viscoelasticity 

A second peak develops in the 
hysteresis plot. 

Natural, as another ratio of 
timescales is added, check in 
expts! 



Complex particle suspensions 

• Time-dependent shear-bands.  

• Here: models for particles in fluids. SGM, 
”flowing solids”, STZ in particular. 

• Models of various sophistication 
(”rheometer”, PBE, ”lambda”, ….). 

• How to understand/define/quantify: 
   Memory = complexity? 

• Hysteresis: a spectrum of relaxation 
times. 


