
Multiscale Simulation of Flow Interac-
tion around Bacterial Flagella 
A lattice-Boltzmann fluid is 
coupled to a molecular dy-
namics (MD) particle do-
main to study the flow inter-
action around rotating bac-
terial flagella. 
The bacteria flagellum is a small lash 
that extends the bacteria body. De-
pending on the rotation of the fla-
gellum, the bacteria is either pro-
pelling ahead when flagella are bun-
dled or it tumbles when they are sep-
arated. The low Reynolds number 
associated with these flagellar mo-
tions show that viscous effects are 
dominating inertia. Simulating this 

system using an all-atom MD model 
is possible but computationally ex-
pensive. To overcome these limita-
tions, particles methods are often 
coupled to grid based methods, effec-
tively combining different length and 
time scales.
The first goal in this project is the im-
plementation of a lattice-Boltzmann 
method based on Cubism, a high per-
formance computing (HPC) frame-
work developed in our lab. The sec-
ond goal is devoted to the coupling of 
the particle library LAMMPS to the 
lattice-Boltzmann solver in order to 
study the fluid dynamics involved in 
bacteria motility.
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In the CSE Lab, we combine computational methods, computer science tools and do-
main specific knowledge to solve scientific and engineering problems in areas such as 
Fluid Mechanics, Nanotechnology and Life Sciences. The core computational compe-
tences of our group are in particle methods and in stochastic optimization techniques.
Motivated by challenges in application fields, we focus on identifying the common ele-
ments among computational techniques and on formulating common methodological, 
algorithmic and software structures that facilitate their further development.

PREREQUISITES
Course in Fluid Mechanics
Proficient in C/C++
Basic knowledge of LAMMPS is
beneficial
Ability to work independently
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(a) Cross section of all-atom bacteria flagellum.

(b) A bacterium running and tumbling. Notice that the direction of 
flagellar rotation (blue arrows) determines which of these move-
ments occurs. Gray arrows indicate direction of movement of the 
microbe.
[Source: Microbiology. An Introduction]
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