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Linear methods have successfully reconstructed turbulent flow fields in channel flows
using wall measurements up to the logarithmic region1. Recently, convolutional neural
networks have been used to incorporate non-linear effects, with particular success of
generative adversarial neural networks (GANs) 234.

This study aims to estimate three-dimensional (3D) turbulent channel flows using
GANs from wall-shear stress and pressure measurements. It expands on previous
research by estimating one-shot full 3D fields instead of individual wall-parallel planes
that require separate training for each of them. Despite increased output size, a similar
network with a moderate increase in training parameters can accurately predict 3D
data at a cost comparable to that of the previous 2D models.

GANs include two networks competing against each other during training. The
generator network takes wall measurements of pressure and wall-shear stress and gen-
erates 3D velocity fields. Meanwhile, the discriminator network determines whether
the flow field is original or created by the generator. This study used 3D convolu-
tional layers in the GANs to address this setup, applied over DNS data of a turbulent
open-channel flow at friction-based Reynolds number of 200.

The network can predict the flow field with slightly higher error compared to 2D
single-plane estimation, but generates the entire volume in one direct query, making
the process more efficient. The accuracy of the velocity fluctuations is high in the
viscous layer but worsens progressively through the buffer and logarithmic layers,
as seen in figure 1 and consistently with what observed for 2D GANs and linear
methods4. We observe that GANs are able to reconstruct accurately wall-attached
structures, while strong attenuation is observed on wall-detached ones.
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Figure 1: (Top) Reference and (bottom) predicted instantaneous fields of (left) u, (middle)
v and (right) w, for y+ = 10 (Left group) and y+ = 40 (Right group).
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