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Outline

▪ Ingredient A: 

The Lucas-Washburn equation

▪ Synthesis: 

Dynamic wetting of a heterogeneous system

▪ Ingredient B: 

The Cassie-Baxter equation
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Ingredient A: The Lucas-Washburn equation

5mm

▪ Balancing the capillary driving force with viscous friction due to 
Poiseuille flow gives (neglect gravity and inertia): 

▪ In non-dimensional form:

▪ The well-known solution is:
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Improved version: Including HDT and MKT

▪ Lucas-Washburn equation only considers dissipation
due to Poiseuille flow.

▪But, we expect dissipation due to the flow close to the 
contact line (HDT) as well as contact line friction (MKT).

▪MKT: ▪HDT:

(Fricke et al., arXiv:2311.11947 ) and (Fricke et al., Physica D, 2023)
see also (Delannoy et al., Soft Matter, 2019).

▪We can show, that both lead to a similar term in the model!
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Ingredient B: The Cassie-Baxter equation

▪The contact angle on an ideal surface is governed by a 
balance of surface tension forces (Young equation): 

Chemically textured

Image on this slide from de Gennes, Brochard-Wyart, Quere, 2004 

▪Model for the static contact angle on chemically
textured surface (Cassie-Baxter equation):
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Context: Powder Reconstitution

▪Preparing a meal for a baby is a highly non-trivial 
dynamic wetting problem!

▪Goals: Process speed, avoid air bubbles, product 
quality, robustness, ….

https://www.youtube.com/shorts/zpyEW7Algf4

https://www.youtube.com/shorts/zpyEW7Algf4
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Synthesis: Dynamic wetting of a heterogeneous system

Figure by Kammerhofer et al., 
Powder Technology 328 (2018).

Can we use the Cassie-Baxter 
angle to model the imbibition 
in a mixed powder bed?

Effective radius Cassie-Baxter Angle

▪ Model by Benavente et al. (2002) and Kammerhofer et al. (2018)).
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Back to basics: Lucas-Washburn with heterogenity

▪We revisit the classical Lucas-Washburn model but allow for 
heterogeneous surface, i.e. we study

J. De Coninck

Material B

Material A

▪The length of the segments of A and B are statistically 
distributed such that a certain mixture is realized.

Research Question: How should one 
arrange the mixture of A and B to 
minimize the crossing-time?
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The key question

▪ Let us assume that A is more hydrophilic than B.

▪What do you think: Which configuration gives faster imbibition?

Hydrophobic first Hydrophilic first
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The key question

▪ Let us assume that A is more hydrophilic than B.

▪What do you think: Which configuration gives faster imbibition?

Hydrophobic first Hydrophilic first

More hydrophobic first
gives faster imbibition!
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Why does the order matter? A simple exercise …

▪Governing equation (non-dimensional form):

Contact Line Friction (depends on material) 

▪Solution: Elapsed time = Integral over inverse speed!
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Solution formula

▪For piecewise constant properties:

Invariant „Poiseuille part“ – not invariant

Center coordinate
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A quantitative example

▪ Let us look at a concrete example. We choose

▪This yields the Cassie-Baxter angle

▪The lengths of the segments follow 
a Gaussian distribution.

▪We average over 50k samples of 
that material in the following.

Python Code:
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Distribution of segment length (where 𝒓𝑨 = 𝟎. 𝟑)
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Distribution of crossing time (according to Lucas-Washburn)
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Distribution of crossing time (according to Lucas-Washburn)

Hydrophobic first Hydrophilic first

Cassie-Baxter model
Finding:
Cassie-Baxter 
model fails!!
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Effective contact angle?

▪We can show that the limit is given by:

▪Arithmetic average between best and 
worst case!

▪Can we define an effective contact angle?
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Weighted harmonic averaging

▪The result is:

▪Compare with Cassie-Baxter:

▪Observation: A different type of 
averaging seems appropriate!
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Summary

▪We have shown that the wetting speed for 
heterogeneous materials depends (in a non-trivial way) 
on the material composition.

Effective pore radius compensates for 
inadequate contact angle value? 

▪Suprisingly, Cassie-Baxter theory fails for the crossing time!

▪What about experiments? 
(Looking for collaboration)
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For more details..

▪ ArXiv Preprint:

https://doi.org/10.48550/arXiv.2501.10255

▪ Research software (Python) is available:

https://doi.org/10.5281/zenodo.14537452

▪ Please reach out to me for any questions! 

L. Gossel J. De ConinckM. Fricke

Preprint Code

This talk:

https://doi.org/10.48550/arXiv.2501.10255
https://doi.org/10.5281/zenodo.14537452
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Thank you very much for your attention!

▪Dr. Mathis Fricke
Research Group Leader at
Mathematical Modeling and Analysis Group
Technical University of Darmstadt, Germany

▪ fricke@mma.tu-darmstadt.de

▪www.mathis-fricke.de and 
www.mma.tu-darmstadt.de, 
www.sfb1194.tu-darmsatdt.de

▪This work was funded by German Research 
Fundation (DFG) SFB 1194 – Project ID 265191195.

mailto:fricke@mma.tu-darmstadt.de
http://www.mathis-fricke.de/
http://www.mma.tu-darmstadt.de/
http://www.sfb1194.tu-darmsatdt.de/
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