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Numerical simulations within hydropower tunnels is
a problematic subject, the shear size of the tunnels of-
ten create conditions where the computer cost even at
bare minimum accuracy is significant. There is also no
clear way to distinguish between rough surface flows in
the classical friction-based sense and flow past obsta-
cles within the tunnels. Yet, studies have shown that
both the roughness [1] and the varying cross-section [2]
of the tunnel both play a role in the resulting flow sit-
uation. In this abstract a method for roughness decom-
position will be detailed, for the sake of readability the
results will be presented in 2D instead of 3D. Wavelets
have, in this case, an advantage over e.g. Fourier trans-
forms in that they capture information about both fre-
quency and location. The continuous wavelet transform
of a roughness profile k(x) is given by
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where ψ is the analyzing wavelet, which in this ab-
stract will be the Daubechies wavelet. a is a height di-
lation and b represent a height translation. The result
of applying Equation 1 to a 2-Dimensional roughness
profile can be seen in Figure 1.

Figure 1: The decomposition of a 2-Dimensional roughness
profile. (a) depicts the original profile, (b)-(e) are
the following 3 levels of decomposition

In figure 1 three different levels of decomposition
can be seen, (a) is the original profile which can also
be approximated by superposition of profiles (b)-(e).
This means in practice that the roughness size now
can be controlled from the level of m (cross section)
to mm which usually is the maximum level of preci-
sion allowed when laser-scanning tunnels of this size.
It should be noted that if needed the level of decompo-
sition can of course be adjusted, the accuracy at each
level can also be tailored accordingly. E.g. the large
scale roughness can be approximated using a function
with a high level of deviation in each point, while addi-
tional smaller scales of roughness can be attained. The
roughness profile used in this abstract has been artifi-
cially generated using an algorithm by the authors own
design. The perks of using artificially generated rough-
ness is that a large number of profiles can swiftly be
created as a basis for numerical simulations. The di-
mensions of the surface can also be tailored accord-
ing to any needs desired and any imperfections of the
laser-scan is also neglected. Since continuous and re-
liable measurements within the tunnels during opera-
tion is an ardous process at best, numerical simulations
still remain the most versatile tool in predicting the tun-
nel dynamics. The increase in uncertainty regarding the
production patterns connected to the electrical grid also
highlight this, since it has shown to increase the strain
on the hydropower tunnels [3]. Using the results pre-
sented here the importance of the roughness resolution
can be further evaluated using numerical simulations.
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