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The Experiment.   HB4  Cambridge Trimaster
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Silicone oil     492 mPas
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CIMLIB-CFD finite element library

Parallel environment

Flow solver: Navier-Stokes 
(Variational MultiScale technique)

Multiphase: Level-Set method

Surface tension: Continuum Surface 
Force

Mesh: anisotropic mesh adaptation

Extended to non-linear constitutive 
models

Rudy Valette, Elie Hachem,  and  Anselmo Pererio.

CEMEF Sophia Antipolis



7

Maths Stuff

𝝈
𝒄
= −𝑝𝐈 + 𝝉, 𝝉 = 𝟐𝜼𝒆𝑫 𝒖 ,

𝜼𝒆 = 𝜼∞ + 𝜼𝟎 − 𝜼∞ 𝟏 + 𝝀 ሶ𝜸 𝒂
−(𝒏−𝟏)

𝒂 ,

𝜼𝒆 = 𝒌 +
𝝉𝟎

ሶ𝜸
𝟏 − 𝒆−𝒎 ሶ𝜸 ,

Carreau-Yasuda (C-Y)

Bingham with Papanastasiou regularization

𝜌
𝜕𝒖

𝜕𝑡
+ 𝒖. 𝛻𝒖 − 𝒈 = −𝛻𝑝 + 𝛻. 𝝉 + 𝒇𝑆𝑇 ,

𝒇𝑆𝑇 = −𝜎𝐾𝛿𝒏

Momentum Equation 
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Water

𝜎 = 70 mN/mh = 1.0 mPas
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Silicone oil 

h = 492 mPas

𝜎 = 20 mN/m 
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(Carreau-Yasuda) 
𝜂∞ = 0.3 Pa s, 𝜂0 = 6 105Pa s, 
𝜆 = 2104 s, 𝑎 = 0.75, 𝑛 = 1.89, 
𝜎 = 20 mN/m). 

Carbopol

(ClearGlide)
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Nivea cream (U = 0.2 m/s). 
(a) Experiment.  c) Simulation (Herschel-Bulkley: k = 2.0 Pasm, m = 0.65, 
0 = 1300 Pa, s = 20 mN/m). 

Yield stress fluid. Nivea Cream



12

The shape of things to come

Low viscosity.

End pinch,

Drops.

High viscosity.

Filament thinning.

Yield stress.

Cusped 

conical cones.
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Conclusions

• The HB4 generates high precision stretch and breakup data.

• The CEMEF solver captures HB4 behaviour for different fluids.

• Solver validated against high and low viscosity Newtonian fluids.

• Solver matched with experimental behaviour for certain yield stress fluids.


