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AI - Fluid Engineering and Exploration Laboratory (AI-FEEL)

• AI/DL applications (인공지능/딥러닝응용)
• Turbulent boundary layer flow (열유체난류유동)
• Blade/airfoil aerodynamics (공력, 풍력, 수력발전)
• Computational Fluid Dynamics (CFD, 수치유체역학)
• Active Flow Control, Plasma Actuator(능동유동제어, 플라즈마액츄에이터)

< Collaborators in the laboratory >

• Research professor:  Mustafa Z Yousif  

• PhD students:  YoungWoo Lee, Linqi Yu, Bonhun Gu, Arash Mohammedi, Haifung Zhou, Meng Zhang, 
Merrera Senbeto Jiren, Tianle Zhang, He Yi 

• Msc students: JoonHee Won, Yanyun Chen, Fanfan Chun, Zazo Zhu, Cao Yuxiao, Nang Phyu, Han Tan 

< Research Areas >

https://me.pusan.ac.kr/new/main/index.asp




Aerodynamics (블레이드/물체 공력특성)

Wake flow behind turbine blades

Wake flow behind a finite body

Turbulent Boundary Layer (𝑹𝑹𝒆𝒆𝝉𝝉 = 𝟓𝟓𝟓𝟓𝟓𝟓)



< Reconstructed instantaneous velocity fields at Reτ=850 of channel flow with 
large longitudinal ribs >

< Reconstructed instantaneous streamwise velocity fields and RMSE for the case 
of turbulent channel flow at Reτ=180 >

< MS-ESRGAN architecture: (a) the generator 
(β is the residual scaling parameter = 0.2) and 
(b) the discriminator >

We propose a methodology for reconstructing high-
resolution turbulent flow fields using Enhanced 
Super-Resolution Generative Adversarial Networks. 

Deep learning for Super-Resolution Reconstruction of Turbulent Flows (딥러닝
을통한고해상도난류유동재현)

(a) (b)



Physics-guided deep learning for generating turbulent inflow conditions (난류입
구조건생성을위한물리정보기반딥러닝)

< Schematic of turbulent inflow generation using the proposed PGDL model >

< Instantaneous streamwise velocity fields at Reτ = 180 >

< Turbulence statistics of the flow at Reτ = 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 >

We utilise the combination of a 
multiscale convolutional auto-encoder 
with a sub-pixel convolution layer 
(MSCSP-AE) and a long short-term 
memory (LSTM) model to generate 
turbulent inflow conditions.

< Spanwise energy spectra for velocity components at Reτ = 180 >



Deep-learning based Prediction of Transitional Turbulent boundary layer (딥러닝
기반천이난류유동예측)

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.

< Architecture of Transformer >

< RMS profiles of the velocity components of the flow at (a)Reθ = 758.94. (b)Reθ = 1030.07.
(c)Reθ = 1486.36 >

< Instantaneous streamwise velocity fields at (a)Reθ = 758.94. (b)Reθ = 1030.07. (c)Reθ = 1486.36 >

< Pre-multiplied spectra as functions of y and λz at (a)Reθ = 758.94. (b)Reθ = 1030.07. (c)Reθ =
1486.36, in streamwise scaling >



Active Flow Control, Plasma Actuator(능동유동제어,플라즈마액츄에이터)

< 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(능동유동제어,플라즈마액츄에이터)

< Multiple encapsulated electrode (MEE) 
plasma actuator >

< Experiment setup >

High Voltage Amplifier

Signal Generator

PC

Plasma Actuator 

< Velocity magnitude produced by Plasma actuator 
in quiescent case: Vpp = 10 kV, f = 900 Hz >



Active Flow Control, Plasma Actuator(능동유동제어,플라즈마액츄에이터)

< Numerical simulation of the flow around a square cylinder with 
plasma actuator >

- w/o Control (제어없음)

< Streamwise velocity and velocity 
vectors behind the square body >

Single plasma actuator (단일 PA)

- w Control (제어상태)



Wall Pressure fluctuation & Noise Predication (벽면변동압력및노이즈예측기
법개발)

평판모델

Fourier Transform Corcos 모델

Validation

𝑆𝑆𝑝𝑝𝑝𝑝 𝜉𝜉, 𝜂𝜂,𝜔𝜔

= 𝑆𝑆𝑝𝑝𝑝𝑝 𝜔𝜔 𝑒𝑒−𝛼𝛼
𝜔𝜔𝜔𝜔
𝑈𝑈𝑐𝑐 𝑒𝑒−𝛽𝛽

𝜔𝜔𝜔𝜔
𝑈𝑈𝑐𝑐 𝑒𝑒−𝑖𝑖(𝜔𝜔𝜔𝜔/𝑈𝑈𝑐𝑐)

𝑆𝑆𝑝𝑝𝑝𝑝 𝑘𝑘,𝜔𝜔

CPSD

Corcos 인자추출



Droplets on vib surface (진동표면위액적변동)
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