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Thixotropic materials: 

•  Processing of thixotropic materials relevant for 
industrial applications 

➡  Lubrication, asphalt, self-compacting concrete… 

•  Physically fascinating due to improved 
mechanical properties 

Goal: 

•  Modern CFD methods with high accuracy, 
robustness and efficiency for thixotropic 
materials 

➡  Saving time, money and resources 

Continuous thixo-viscoplastic problem

Viscoplastic Flow

 Thixo-viscoplastic Flow
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Here: FEM-based tools for the accurate simulation of (thixotropic) flow 
problems, particularly with complex rheology

For details, please visit: www.featflow.de 

Non-Newtonian flow module: 
•generalized Newtonian model 
(Power-law, Carreau,Houska,…) 
•viscoelastic differential model 
(Giesekus, FENE, Oldroyd,...)

Engineering aspects: 
•Geometrical design 
•Modulation strategy 
•Optimization

Numerical features: 
• Higher order  FEM in space &  
  (semi-) Implicit FD/FEM in time 
• Semi-(un)structured meshes with 
  dynamic adaptive grid deformation 
• Fictitious Boundary (FBM) methods 
• Newton-Multigrid-type solvers

HPC features: 
• Moderately parallel 
• GPU computing 
• Open source Hardware-

oriented 
Numerics

Multiphase flow module (resolved interfaces): 
•l/l  – interface capturing (Level Set) 
•s/l  – interface tracking (FBM) 
•s/l/l  – combination of l/l  and s/l 

Investigation of solid/liquid and liquid/solid  
transitions based on micro-structure 

✓ Appearance of more breakdown layers w.r.t pronounced breakdown 
parameter  
➡ Restart pressure in pipelines should not be over-estimated 

✓ Three non-merging unyielded-zones 
➡ Further investigation regarding material structuring in thixo-

elasovisocplastic

Accurate, robust, and efficient numerical solver for TVP flows is developed 
using  
✓ Higher order finite element method 
✓ Monolitic Newton-multigrid 

•  Adaptive discrete Newton’s method with global convergent 
property 

•  Geometric multigrid with local MPSC 
To analyze the quasi-Newtonian model for TVP materials for different flow 

simulations  
✓ Newtonian, VP, and TVP flow in Lid-driven cavity  
✓ TVP flow in Couette devices 
✓ TVP flow in curved contractions

Transition types w.r.t breakdown

✓  Shear Localization & shear banding transition types w.r.t breakdown parameter 
✓  Transition point for shear-rate and structure parameter match with velocity 
✓  Structure parameter predicts the shape and extent of rigid zones

Torque calculation

x

Y

<latexit sha1_base64="Tj5uklCeAoSLWmeoi0imCnV5cy8=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmRNGNUHTjsoJ9QDsOmUymDU0mQ5IRyjBu/BU3LhRx61+4829M21lo64HA4Zx7uTknSBhV2nG+rdLC4tLySnm1sra+sbllb++0lEglJk0smJCdACnCaEyammpGOokkiAeMtIPh9dhvPxCpqIjv9CghHkf9mEYUI20k397rCU76yM9onF+6UKIQqvvs2M19u+rUnAngPHELUgUFGr791QsFTjmJNWZIqa7rJNrLkNQUM5JXeqkiCcJD1CddQ2PEifKySYIcHholhJGQ5sUaTtTfGxniSo14YCY50gM1643F/7xuqqMLz4RLUk1iPD0UpQxqAcd1wJBKgjUbGYKwpOavEA+QRFib0iqmBHc28jxpndTcs5pze1qtXxV1lME+OABHwAXnoA5uQAM0AQaP4Bm8gjfryXqx3q2P6WjJKnZ2wR9Ynz929ZY+</latexit>

!in = 1rads�1

The material is sheared in two Concentric cylinders 
‣ Rotating inner cylinder with  
‣ Stationary outer cylinder 

Investigations of thixo-viscoplastic phenomena  
‣ Torque at the surface of inner cylinder 

‣ Shear localization  
‣ Shear banding  
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Adaptive Newton’s Method

➢ Set           
➢ Set 
➢ Find                                                        s.t. 

➢ Compatibily constraints 

➢ Conforming Approximations 

➢ Discrete inf-sup condition 
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ũ := (�,u)
<latexit sha1_base64="nbiVTYlHm0PzBQ+2LzSyv1Pav/w="></latexit>

(�,u, p) 2
�
T \H

1(⌦)
�
⇥ V⇥Q

<latexit sha1_base64="SZWn2vMVu+We2hJeenOeMdNJgdQ="></latexit>D
K(�,u, p), (⇠,v, q)

E
=

D
L, (⇠,v, q)

E
, 8(⇠,v, q) 2 T⇥ V⇥Q

<latexit sha1_base64="MSR4ZrJiKc0p/mv/xTx4ZCwuj5o="></latexit>

K =

"
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Discrete thixo-viscoplastic problem
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Flow configuration

✓   Agreement with Ref. [5] for Torque for Non-thixotropic flow 
✓   Thixotropic flow is encompassed between the two extremities, Newtonian liquid and 

Bingham plastic, as predicted by Houska’s model 

✓  Structured adaptive meshing for this complex configuration 
✓  Specifying Unidirectional thixotropic profiles as boundary Data in 2D

✓  Three non-merging unyielded-zones 
✓  Progressive growth of unyielded zones w.r.t thixotropic yield-stress

Robust conforming FEM
The family of conforming FEM                                 for                with stabilization 

➢ Inf-sup conditions is satisfied 
➢ Discontinuous pressure 

➢ Good for the solver 
➢ Straightforward element-wise mass conservation  

➢ Discrete problem is well-posed 
➢ Highly consistent and symmetric stabilization 
➢ Robust & efficient solver w.r.t. the monolitic approach

<latexit sha1_base64="If0oeizXBNPNLwfAw8TrguiNRTo="></latexit>

(�,u, p)
<latexit sha1_base64="4tgKcNPtWZeZfeod850QFxEHDUs="></latexit>

Qr/Qr/P
disc
r�1 , r � 2

<latexit sha1_base64="pQrzBgGyD2Em1GDad1HPXZ0adA0="></latexit>
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Monolithic-multigrid linear solver

➢ Standard Geometric multigrid solver 
➢ Local Multilevel Pressure Schur Complement via Vanka-like smoother  

Quasi-Newtonian approach

Newtonian Flow

✓ Main rheological characteristics of TVP materials is captured for increasing thixotropic yield-stress 
✓ Efficient non-linear solver and mesh independent linear solver for all values of yield-stress 
✓  Solutions are obtained with continuation strategy w.r.t.  k

✓  Point-wise mesh convergence for Newtonian 
✓  Efficient non-linear solver and mesh refinement independent linear solver  

✓  Accurate track of interface is captured via larger  solutions and finer mesh refinement 
✓  Existence of pair ( , L) beyond which no further improvement in solutions is expected 
✓  Efficient non-linear solver and mesh independent linear solver for all values of yield-stress 
✓  Solutions are obtained with continuation strategy w.r.t. 

k
k

k

➢ Viscosity model for TVP flow i.e. extended viscosity defined on all domains 

➢ Full set of equations  

 

➢ The Newton’s method assuming invertible Jacobian 

➢ Continuous adaptive Newton via operator-adaptive splitting 

➢ Discrete adaptive Newton via adaptive step-length control parameter
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Motivation Thixo-viscoplastic (TVP) Models Realization in FeatFlow

Newton-multigrid FEM solver

Thixo-viscoplastic flow in Lid-driven cavity Thixo-viscoplastic flow in Couette devices Thixo-viscoplastic flow in contractions
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