
Supersonic Compressible Turbulent 
Channel Flow with Isothermal Walls 
Simulation and evaluation 
of compressibility effects in 
wall bounded supersonic 
flow with isothermal walls.  
The vast majority of flows found in 
nature are turbulent.  Richard Feyn-
man described turbulence as “the 
most important unsolved problem of 
classical physics”, and it still is today. 
Fortunately, advances in semiconduc-
tor technology allows us to solve the 
underlying equations of motion with a 
discrete representation on computer 
architectures. However, accurate re-
sults require high resolution in flow 

regions close to the wall, where large 
gradients occur. To reduce the com-
putational workload, high resolution 
must only be distributed to flow re-
gions where it is needed.
The first goal of this project is to im-
plement a variable grid spacing in a 
highly optimized compressible flow 
solver, which currently utilizes uniform 
grids only. The second goal is devot-
ed towards the implementation of 
thermal diffusion in the governing 
equations as well as appropriate 
boundary conditions. Finally, the ex-
tended solver is used to study com-
pressibility effects in a turbulent su-
personic channel. 
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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
Numerical Methods for com-
pressible flow
Solid skills in C/C++
Ability to work independently

CONTACT
Prof. Petros Koumoutsakos
Fabian Wermelinger

e-mail: petros@ethz.ch
  fabianw@ethz.ch
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(a) Root mean square velocities. Solid line urms;
Dashed line vrms; Dash-dotted line wrms.
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(b) Turbulent Production

Figure 3 (a) Root mean square velocities normalized by u· . (b) Turbulent production normalized
by u· and ‹.
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Top left: Vorticity in a turbulent channel at Mach 0.3. Red color indicates high vorticity, which is     
generated close to the wall. Blue colors indicate low vorticity. Top right: Turbulent production rate 
close to the wall. High shear rates observed close to the wall are responsible for the production of 
turbulent energy, indicated by the peak in the graph. Bottom left: Instantaneous turbulent velocity 
field in streamwise direction. Flow is from left to right.
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