
 

Modeling micro-actuator motion in a microchannel for local
mixing
Citation for published version (APA):
Khatavkar, V. V., Anderson, P. D., Meijer, H. E. H., & Toonder, den, J. M. J. (2005). Modeling micro-actuator
motion in a microchannel for local mixing. Poster session presented at Mate Poster Award 2005 : 10th Annual
Poster Contest.

Document status and date:
Published: 01/01/2005

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

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: 24. May. 2023

https://research.tue.nl/en/publications/769377dd-36ea-4045-a98a-1ab0f03a6d57


Modeling micro-actuator motion in a microchannel for local mixing
V.V. Khatavkar,1 P.D. Anderson,1 H.E.H. Meijer,1 J.M.J. den Toonder1,2

1 Materials Technology, Dutch Polymer Institute, Eindhoven University of Technology, 2 Philips Research Laboratories, Eindhoven

Introduction
Many applications of microfluidics, especially biological, require 
mixing of two or more liquid streams. Mixing at this microscale, 
due to prevailing laminar flow conditions, usually occurs 
through diffusion which is rather slow. To overcome this 
problem, numerous novel passive and active micromixers are 
currently being designed and developed.[1] One conceivable 
and promising configuration for an active micromixer is an array 
of individually addressable micro-beams or -rods covering the 
channel wall, and that can be actuated by external means such 
as an electric or a magnetic field. This idea is inspired by the
motion of flagellated and ciliated micro-organisms such as 
shown in figure 1. 

Conclusions
• Microactuator motion is mainly affected by the elastic modulus of 
microactuator material rather than by the  viscosity of fluid. 
• Simple two-microactuator mixer configuration shows the potential 
of the concept.
• In next steps, a net flow through the microchannel attached with 
more than two microactuators actuated with different schemes will 
be explored as a route to obtain the optimal continuous micromixer. 
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Figure 1. Examples of micro-organisms (top row) that use 
beating cycles of flagella or cilia (schematically shown in 
bottom row) for their motility. 
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Objective
To design and develop a novel active micromixer - inspired by 
nature - for microfluidics applications. 

Modeling
To explore the feasibility of the concept, we have carried out 
numerical simulations of one- and two-micro-actuator 
configurations (see figure 2).

Phase lag 90° Phase lag  180°

Two Micro-actuator Batch Micromixer
The effect of phase lag in the actuation of the two micro-
actuators on mixing efficiency is shown in figure 4. 

Figure 5. Quantification of mixing efficiency shown in figure 4 (left) is 
used to generate a phase diagram (right) where the optimal actuation
scheme can be readily identified.

Figure 4. Mixing patterns obtained with two different actuation
schemes showing “good” (left) and “poor” (right) mixing are 
superimposed on flow streamlines (colored lines).
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Figure 2. Schematic representation of single (left) and double
(right) micro-actuator configurations in a microchannel studied.
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The key feature of modeling is an accurate description of 
structure (microactuator)-fluid interaction. For this, a Lagrangian
multiplier based fictitious domain method is applied. [2] The 
overall modeling strategy is as shown in figure 3.
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Figure 3. Modeling strategy.


