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Motivation Theoretical Background

Commonly used bacteria detection methods require a critical mass volume to Dielectrophoresis (DEP)
detect pathogenic microorganisms. There is a great effort to detect bacteria An alternating
even at lower concentrations to initiate medical treatment especially with inhomogeneous electric
regard to bacteria which are antibiotic resistant. In commonly used biosensors field is applied to spatially
bacteria need to be concentrated on the electrode surface which is achieved by manipulate particles (e.g.
dielectrophoresis (DEP). Since DEP only effects a small area around the DEP- bacteria).
electrqdes, gnlargmg the numper DEP Fppp~ V\E\z —
of particles (in this case bacteria) — —
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in this area is of high interest. Oscillating Fluid Flow
]:Il'zijclzlc;ov\rlnizlljgn’;helz a_POc?ii:/l;I:ttilggte q/ Q? T Effected Oscilla}ting fluid flow is geqerated by o

| - Area changing the surface tension of a polar liquid
’;he effects m_votlved I!’"S wofrk O —a due to alignment of its dipoles. This
Oocuses on Interactions o — Bacteria alignment is induced by an electric field. If
bacteria with DEP and fluid — d\: —~" - theg electric field is freqﬁently changing its
flow. ~ Solvent orientation the transport direction is also

changed, leading to an oscillation.

Simulation Methodology

The physically relevant part of the setup is
modeled in 3D, which is the border area of two
. The
geometry additionally includes electrodes
utilized for DEP on the top. To reduce
computing power the thicknesses of all
electrodes are neglected, and the task is split
up in separate simulations, including one for
fluid flow, one for DEP and one combining both.
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The undisturbed DEP simulation displayed in
Figure 1 illustrates the pattern in which particles are
captured. As this simulation did not include

Figure 2. Fluid flow in the moment of change in movement retarding factors, like resistance of the

Figure 1. Results of simulation of DEP. Shown direction. Gray and green areas represent a : : : :

are particles captured by DEP. The particles high absolute flow speed, while dark blue IIC]Uld, the effe.Cted ra(.jlus well excee.ds the SlmU|ated
color .SCheme ind.iCateS the TOFCe Stf@ﬂgth Co|0ring indicates low flow Speed_ Black Arrows drea. If thOSG IﬂteraCthnS dare takeﬂ IﬂtO COnS|der'
effgcg'lng t,ne Pa”'c'els- F]fed '”U?*t;atesdhgh[‘;fg 08 indicate direction of flow and red circular arrows ation the effected area reduces significantly in size.
and blue flustrates low forces induced by DEF. - imply turbulences. This effect can be seen in Figure 3 where most
e e RN %W.ﬁ ot 1 20 um particles stay unaffected by the induced DEP force.
;‘; = w "’" ""Z*"’Z. L Based on the simulation of the interaction of fluid flow and DEP, shown
;‘;;{ VRIS AT R e B SR T g in Figure 3, particles within 20 um proximity to the DEP electrodes are
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memwﬁ.. ,%w?% R, i e W captured by DEP. To enlarge this distance, oscillations of the fluid flow
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are utilized as shown in Figure 2. Due to the neighboring flow
_ _ _ _ _ directions, circulations accrue which transport particles towards the
Figure 3. Particles effected by fluid flow and DEP force. Maximum fluid ffact H ficl thin 60 ‘mitv to DEP
flow speed is 1.3 mm/s while particle flow speed is indicated by coloring. eliective area. Hence particies within Hm proximity to
Red particles represent high speeds and blue particles low speeds. electrodes can be attracted by DEP.

Funded by the Volkswagen Foundation under Project Laboratory Across Borders (ProLAB, Project ID 96620).
Excerpt from the Proceedings of the COMSOL Conference 2023 Munich



