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Particle dynamics simulation on fractional Brownian
motion of self-propellant Janus microsphere
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Abstract: Based on Janus microsphere’s motion analysis, the particle dynamic model involving random Brownian force and
toque, self-propulsion and Stokes drag are constructed. Through numerical solving, the effect of different diameters and different

self-propulsion strength on fractional Brownian motion are studied. Different motion modes and the mean square displacement
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<A’ > and Hurst indexes are obtained. The simulation results show that <AL’ > increases with Af nonlinearly, Janus

particle may be characteriged as the Brownian motion, self-propulsion and Brownian-like motion under the different A¢ and Hurst

indexes also change correspondingly. Numerical simulation and experimental observation are in good agreement, which proves

the present model reasonable and also provides the foundation for the followed manipulation of Janus particle and the practice

applications.
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Fig.1. Schematic drawing of forces applied to Janus particle
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Table 1. Main parameters in numerical simulation
Dy (1 pm) Dy, (2 pum)
Vg (um/s)
FDW (N) FBrownian (N) FBrawnian (I/S) FDI‘//‘ (N) Fb‘mwnian (N) Fb‘mwnian (I/S)
0 0 0
3 2.82x107 5.65x107
8.73x107 13.898 1.23x107"2 491
5 4.71x107" 9.42x107"
10 9.32x107" 1.88x107"

Psio, =2600 kg/m’ Pu,o = 1000 kg/m’ o =107 Pass T=293K
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2 Janus D,=1um 10s 50 umx50 pm

Fig.2. Motion trajectories in 10 s for Janus particle with 1 pm diameter (the range of drawing is 50 pmx=50 pm)
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Fig.3. Motion trajectories in 10 s for Janus particle with 2 pm diameter (the range of drawing is 80 pmx=80 pm)
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4 Vpy=3pm/s Janus D, =1pum
Fig.4. Motion trajectories under different scale observation windows for Janus particle with 1 pm diameter and V), =3 pm /s
5 Vpy=3um/s Janus D,=2pm
Fig.5. Motion trajectories under different scale observation windows for Janus particle with 2 pm diameter and V. =3 pm/ s
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