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ABSTRACT

Turbulent flows past rough surfaces can create substan-
tial energy losses in engineering equipment. During the last
decades, developing accurate correlations to predict the ther-
mal and hydrodynamic behavior of rough surfaces has proven
to be a difficult challenge. In this work, we develop a convolu-
tional neural network architecture to perform a direct image-
to-image translation between the height map of a rough surface
and its detailed local drag resistance and heat transfer rates.
Various techniques are discussed to improve the computational
efficiency of the machine learning architecture proposed, and
even to reduce its time and space complexity. The main study
is based on a new DNS database formed by 24 flow cases at a
friction Reynolds number of Re; = 180 obtained by applying a
random shift to the Fourier spectrum of the grit-blasted surface
scanned by Busse er al. (2015,). The results show that machine
learning can accurately predict the global values of the drag
resistance and heat fluxes across a rough surface. The local
predictions for both momentum and heat transfer also show a
considerable improvement upon increasing the dataset size. A
detailed analysis of the global skin friction values and Stan-
ton numbers predicted by deep learning further reveals that
the results surpass the accuracy of traditional correlations by a
substantial margin in the dataset analyzed.

INTRODUCTION

Turbulent flows past rough surfaces can be found in a
large variety of engineering applications. Irregular surfaces
are often caused by external degradation processes, such as
bio-fouling, abrasion, machining, or corrosion. The presence

of rough surfaces can substantially increase the drag resistance
of transportation systems, and lower the efficiency of thermo-
dynamic cycles. One of the main challenges while working
with rough surfaces is to predict the impact of a given surface
topography on the drag resistance and heat transfer rates of
a system. Most traditional correlations are based on standard
surface metrics, such as the root-mean-squared height varia-
tions, skewness, kurtosis, effective slope, forward-facing an-
gle, or different auto-correlation functions.

In this work, we develop a machine learning system based
on convolutional neural networks to predict the local behaviour
of turbulent flows past irregular surfaces. These systems are
able to describe the complex physical effects observed when
turbulent flows interact with rough walls. The complex non-
linear functions required to approximate the behavior of tur-
bulence are automatically reconstructed using a database con-
taining rough surfaces with unique groups of topological fea-
tures producing different flow effects.

DNS DATABASE

The study is based on a new DNS database formed by
24 flow cases at Re; = 180. Numerical simulations are used
instead of experimental measurements, since the local drag
forces and heat fluxes correspond to quantities of interest. The
flow cases are generated by applying a random phase shift
to the Fourier spectrum obtained from the grit-blasted surface
scanned by Busse ef al. (2015,). The random shift is given by
the variable ¢; in the following equation for the height function
H(x,z):






