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Exercise on 2016-03-02 in 04.16 / Room 2001

General instructions You will use a simple MPC program to do two-dimensional simulation
runs, where you will study the behavior of the fluid in a microchannel geometry. This means
that there are periodic boundary conditions in x-direction and walls in y-direction. The fluid
feels a constant force, "gravity", pulling in in the positive x-direction. In exercise 2, there
will also be an immobile obstacle.
The simulation program can be compiled as g++ -o simulation simulation.c, and subse-
quently run as ./simulation. The parameters are read in from the file parameter.ini. In
the exercises, you will mostly edit this file, but also the source code. You can use whatever
text editor you wish. If you need help with editing, please ask.
The simulation results are visualized with gnuplot. To start gnuplot, type gnuplot. From
gnuplot, you can exit to shell by typing exit. There are prepared gnuplot files for visualiza-
tion of the flow field (load ’flowfield.gp’) and the flow profile (load ’flowprofile.gp’).
If you change the properties of the system (channel size, obstacle, etc.) in the input file, you
will have to edit these files as well so that the visualization follows suit.

1 Use the code in directory exercise1/. It might be a good idea to copy the files to a working
directory so that a pristine copy to revert to always remains.

(a) Compile the code and run it. Plot the flow field and the flow profile. Is the latter parabolic?

(b) Experiment on changing the equilibration time and the total simulation time. What happens?

(c) Measure the velocity profile for different fluid densities, time steps, and applied external forces.
When do and when do not the measured and theoretical profiles agree? Why?

(d) Find a way to switch off the grid shift (you will have to edit the source code and recompile
for this). What happens?

2 Use the code in directory exercise2/. It might be a good idea to copy the files to a working
directory so that a pristine copy to revert to always remains.
The main program is now called simulation_broken.c. An unfortunate researcher at-
tempted to optimize the code a little bit, but got something wrong. It is your task to fix it
in this exercise.

(a) Look at the source code. Find the main function, study its structure, and identify where the
MPC streaming and collision steps take place.

(b) The collision step is broken: The velocities in the given cell always rotate counter-clockwise.
What we want is that within a given collision cell, the velocities rotate in the same direction.
Whether this is clockwise or counter-clockwise for a given cell should be random with equal
probability. Fix the collision step!

(c) The fluid is just resting. How boring! Implement the gravity! A force, proportional to the
global variable grav should accelerate every fluid particle in the positive x-direction.

(d) The friction between the fluid and the wall is not quite OK. If you look at the source code,
you will see that the fluid particles bounce off the walls like billard balls bounce of the side of
the pool table. This is the slip boundary condition. What we want is the no-slip boundary
condition, in which also the momentum component of the bouncing fluid particles parallel
to the wall is reversed, ie. the fluid particles fly back towards the direction they were coming
from). Fix the boundary condition!


