
From micro-scale to macro-scale: stress-strain 
relations in microfluidics 
Investigate how different 
constitutive laws (i.e. stress - 
rate of strain relations) de-
pend on inter-particle inter-
actions in microfluidics. 

Mesoscale simulation methods are 
widely used to simulate micro-fluidic 
phenomena, such as blood flow. In 
such methods, the stress - rate of 
strain relation of the modeled fluid 
is not imposed directly, but is rather 
an outcome and depends on the 
choice of model parameters. 

Why mesoscale? (i) Orders of 
magnitude faster than smaller scale 
techniques (Molecular Dynamics) 

and (ii) straight forward to model 
fluid-structure interactions and non-
trivial fluid properties: The two pri-
mary factors that constitute meso-
scopic methods one of the leading 
techniques for the simulation of 
phenomena present in the mi-
croscale. 

The student: In this project the stu-
dent will investigate the stress - rate 
of strain relations that emerge in 
different fluids, based on simula-
tions of Dissipative Particle Dynam-
ics, a powerful particle-based 
method for simulating hydrodynam-
ic phenomena. The simulations will 
be performed using our in-house 
micro-fluidics software, uDeviceX. 

References: DPD, RBC, uDeviceX. 
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PREREQUISITES 

Programming skills (C++ / Python) 
Interest in learning new HPC soft-
ware (uDeviceX) 
Interest in optimization methods 
Knowledge of basic fluid dynamics
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In the CSE Lab, we combine computational methods, computer science tools and domain specific 
knowledge to solve scientific and engineering problems in areas such as Fluid Mechanics, 
Nanotechnology and Life Sciences. The core computational competences of our group are in 
particle methods and in stochastic optimization techniques. Motivated by challenges in application 
fields, we focus on identifying the common elements among computational techniques and on 
formulating common methodological, algorithmic and software structures that facilitate their further 
development.
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