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Aerodynamics (S|0|E/EH S 54E)

Secondary ‘braids’
leading to turbulence

Primary wake instability

Root vortices

Wake flow behind turbine blades Turbulent Boundary Layer (Re. = 550)

Hairpin vortices

Shear layers separation

l: . Hairpin vortices Principal core

Wake flow behind a finite body



Deep learning for Super-Resolution Reconstruction of Turbulent Flows (& 2{'d
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< Reconstructed instantaneous velocity fields at Re =850 of channel flow with

large longitudinal ribs >

resolution turbulent flow fields using Enhanced
Super-Resolution Generative Adversarial Networks.
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<GB | of turbulent channel flow at Re =180 >
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Gnerated < MS-ESRGAN architecture: (a) the generator :
High Resolution (B is the residual scaling parameter = 0.2) and |
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Physics-guided deep learning for generating turbulent inflow conditions (&HF &
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We utilise the combination of a
multiscale convolutional auto-encoder

with a sub-pixel convolution layer
(MSCp-AE) and a long short-term

memory (LSTM) model to generate

turbulent inflow conditions.
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< Turbulence statistics of the flow at Re, = 180. (a) Mean streamwise velocity
profile. (b) RMS profiles of the velocity components. (c) Mean Reynolds shear
stress profile. (d) RMS profile of the streamwise vorticity >
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< Spanwise energy spectra for velocity components at Re, = 180 >
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< Instantaneous streamwise velocity fields at Re, = 180 >



Deep-learning based Prediction of Transitional Turbulent boundary layer (& 2]
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< Architecture of Transformer >

We propose a methodology for
generating transition boundary layer
using Deep Learning(DL) method. As
for the DL model, we use a
Transformer network combined with
ESRGAN. The architecture of the
Transformer is shown above.
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< Instantaneous streamwise velocity fields at (a)Rey = 758.94. (b)Re, = 1030.07. (c)Rey = 1486.36 >
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< RMS profiles of the velocity components of the flow at (a)Rey = 758.94. (b)Re, = 1030.07.
(c)Re, = 1486.36 >
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< Pre-multiplied spectra as functions of y and A, at (a)Rey = 758.94. (b)Rey = 1030.07. (c)Rey =
1486.36, in streamwise scaling >



Active Flow Control, Plasma Actuator(e& &M, S2t=0} A 0| 0| E)
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< Plasma Discharge >

In order to promote an in-depth understanding of the
mechanism of leading-edge flow separation control over
an airfoil using a Dielectric Barrier Discharge (DBD)
plasma actuator excited by high voltage, an experimental
investigation of an airfoil with DBD plasma actuator was
performed in a closed chamber and wind tunnel.

< The flow field velocity over the plate >



Active Flow Control, Plasma Actuator(e& &M, S2t=0} A 0| 0| E)
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< Multiple encapsulated electrode (MEE)
plasma actuator >
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< Velocity magnitude produced by Plasma actuator

< Experiment setup >
in quiescent case: Vpp =10 kV, f =900 Hz >
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Active Flow Control, Plasma Actuator(S S-S M 0, E2t=0} 230§ 0| E)

- w/o Control (M0 81 &) - w Control (M| O &HEH)

Single plasma actuator (EH PA)

< Numerical simulation of the flow around a square cylinder with < Streamwis-e velocity and velocity
plasma actuator > vectors behind the square body >
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Wall Pressure fluctuation & Noise Predication (EiHH S = Gl - 0| = 0f
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Droplets on vib surface (X & & H
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(b) P+ mode (2V)
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