
 

Simulation of interacting drops with multilevel adaptive local
refinement
Citation for published version (APA):
Mitrias, C., Hulsen, M. A., & Anderson, P. D. (2014). Simulation of interacting drops with multilevel adaptive local
refinement. Poster session presented at Mate Poster Award 2014 : 19th Annual Poster Contest.

Document status and date:
Published: 01/01/2014

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 17. Nov. 2023

https://research.tue.nl/en/publications/3a9ff77d-7f59-4598-b3ea-d9763c31a8ee


Simulation of interacting drops with 
multilevel adaptive local refinement

C. Mitrias, M.A. Hulsen, P.D Anderson
Eindhoven University of Technology, The Netherlands

/ Department of Mechanical Engineering

/Mechanical engineering 

Introduction
Simulation of interacting drops can be challenging since the
distance between interfaces of the drops can get up to three
to four decades smaller than the original radius of the drops.
To achieve this, a locally refined mesh which can adapt with
deformation and movement of the drops is required.

Objective
Predict accurately the flow between interfaces of the
drops while they approach each other under shear flow.

Mathematical model
As depicted in Fig. 1, an initially circular liquid drop is 
suspended in a fluid. In general each of the domains could 
consist of a different type of fluid but for now only the case of 
a Newtonian fluid is studied. For all phases it is assumed that 
inertia can be neglected and that the volume is constant. 
Therefore, the mass and momentum balance reduce to

𝛻𝛻 � 𝒖𝒖 = 0
𝛻𝛻 � 𝝈𝝈 = 0

and for the case of Newtonian
fluid 𝝈𝝈 can be expressed as

𝝈𝝈 = −𝑝𝑝𝑰𝑰 + 2𝜂𝜂𝑫𝑫

where the viscosity 𝜂𝜂 can be different for each domain.

For the boundary condition on the drop-matrix interface there
is a traction jump

(𝝈𝝈 � 𝒏𝒏)2− 𝝈𝝈 � 𝒏𝒏 1 = Γ𝜅𝜅𝒏𝒏

and no slip on the interface, i.e. the velocity is continuous

𝒖𝒖2 = 𝒖𝒖1

Numerical description
The fluid is discretized using the finite element method
employing a mesh of quadratic triangles and for the time
discretization second order backwards differencing is used.
The interface mesh consist of quadratic lines while
maintaining conforming geometry. Quadratic interpolation is
used for the velocity and linear interpolation for the pressure.

Multilevel adaptive local refinement
The interface mesh is refined by splitting elements into two as
shown in Fig. 2. The rest of the volume is refined by locally
defining the element size in Gmsh. For each element level the
parent and the child element is stored. In this way it is possible
to move back and forth through element levels easily.

Fig 2. For each new level of refinement the element splits into two new while
storing the number of the parent and the child element.

Results
Fig. 3B shows the effect of shear flow on the drops of Fig. 3A. In
this example the maximum element level reached is 9 which
means the final element size is approximately 500 times smaller
than the starting size.

Fig 3. A) Initial configuration of circular drops, all of which consist of Newtonian
fluid. B) Plot of the minimum edge size of each element in a log2 scale after
applying shear flow.

Conclusions
Using an adaptive multilevel local refinement technique the
mesh is refined where and when it is needed. It is possible to
deal with a large range of scales. Multiple domains can be used
with the finite element method to simulate fluids having different
properties.
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Fig 1. Geometry of a circular
drop suspended in a fluid.
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