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시간 장소
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11:55-13:25 Lunch

13:25-14:55 전산유체3 다상유동3 COVID-19 열전달3
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발전3
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소:301/302)
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6  23   17:30 – 18:00 

 
 

Hydrogen Enrichment into Slush LNG* Heuy 
Dong Kim1, Kang-Ki Lee2, 1Department of Mechanical 
Engineering, Andong National University, Korea, 2High 
Power System, AVL List GmbH, Austria  



 

 

Liquefied natural gas (LNG) is a well-known fuel con-
sisting mainly of Methane as main component of natural 
gas and is produced by liquefying the natural gas from 
gas fields at a temperature of 111 K. Since LNG has a 
very low sulfur content it significantly reduces the 
emission of harmful pollutants compared to other fossil 
fuels. As LNG has a high calorific value and is also 
chemically stable under normal usage conditions, it is 
extensively used as fuel for large engines for ships or 
power plants. However, in recent years Methane has 
been identified as green-house gas which has a high 
global warming potential. Therefore, it is necessary to 
reform LNG so it emits less pollution and has a higher 
combustion efficiency in engines. This can be done by 
enriching LNG in a slush state with Hydrogen mole-
cules during its phase transition. In recent, this new 
innovative technology has been drawing a lot of atten-
tion in terms of practical use of fuel in the future. The 
introduction of the Hydrogen enrichment into slush 
LNG involves various interesting thermo-fluid dynam-
ics phenomena which are not well understood yet. In the 
current lecture, an innovative method for the production 
process of Hydrogen enriched slush LNG is introduced 
and the related thermo-fluid dynamics are described in 
detail with an emphasis on the promising potential as a 
fuel for LNG engines. 
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CFD Applications* 1; 1Korea Aerospace 
Research Institute(KARI) 
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Analysis of Multiple Shock Wave Oscillations in a 
Scramjet Isolator* Jintu K James1, 1, 1; 1 

 

The multiple shock waves inside the isolator of a scramjet 
engine decelerate the flow from supersonic conditions to 
subsonic depending on the operating conditions. The struc-
ture and dynamics of multiple shock waves inside a constant 
area isolator of a model scramjet engine are studied numeri-
cally using a finite volume solver. The flow is accelerated 
through a nozzle with an exit Mach number of 1.75 and con-
tinues in the constant area isolator where the multiple shock 
waves are formed. To analyze the effect of duct acoustics on 
the dynamics of shock train oscillations, three ducts with a 
duct length of 0D, 50D, and 150D are attached to the exit of 
the isolator, where D is the isolator exit height. The variation 
of shock train location is analyzed from the numerical 
Schlieren images. The wall static pressure variation along the 
bottom wall and four specific locations are monitored. The 
wall shear stress variation along the wall provides the loca-
tion of separation and reattachment points in the flow field. 
The variation of the shock train length and the separation 
bubble size are analyzed for different exit duct lengths. The 
standard deviation of pressure signal on the wall surface and 
the correlation between pressure signals at maximum devia-
tion point to other locations are analyzed to understand the 
mechanism of shock oscillations in detail. 

*This research was supported by Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education 
(NRF-2021R1I1A3044216) 
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meshes 1, 1; 1Konkuk University 
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Numerical Analysis of High-order Shock capturing 
schemes for Implicit Large Eddy Simulation 1, 



 

1, 1; 1Seoul National University 
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An approximate Riemann solver for shallow flows 
in porous media* 1,  2; 1Seoul National 
University, 2Seoul National University 
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A high-order projection method for incompressible 
turbulent flows Thi Quynh Nguyen1, Hyung Teak Ahn1; 
1School of Naval Architecture and Ocean Engineering, Uni-
versity of Ulsan, Ulsan, KOREA 

In the present work, a highly efficient incompressible flow 
solver with a semi-implicit time advancement on a fully 
Cartesian grid using a high-order projection method, namely 
the rotational incremental pressure-correction projection 
method. The second-order projection method is adopted for 
the pressure Poisson equation. The Taylor Green vortex test 
demonstrates the high accuracy of the proposed numerical 
method. By applying the proposed numerical method, we 
compute turbulent channel flows at low and moderate Reyn-
olds numbers. It is found that the predictions of turbulence 
statistics and especially energy spectra can be improved by 
adopting the high-order scheme rather than the traditional 
non-incremental pressure-correction scheme. 
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Numerical analysis of underwater laser cutting process 
with supersonic assist gas* 1, 1; 1Sogang 
University 
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Investigation of the effect of presence of sidewalls 
on acoustic properties of a cavity using lattice 
Boltzmann simulations* Kaluwila Mudiyanselage Uth-
pala1, 1,2, 1,2; 1Gyeongsang National Univer-
sity, 2Research Center for Aircraft Core Technology 

The acoustic propagation of a flow past a cavity is a complex 
process of feedback of oscillations of the shear layer above 
the cavity. The pressure waves that are generated due to the 
shear layer of the flow hitting the downstream wall travel 
upstream and interact with the shear layer at the separation 
point. This creates a feedback mechanism that occurs at a 
few strong resonant frequencies within the cavity. This work 
aims to investigate the effect of spanwise periodic boundary 
conditions (as opposed to a three-dimensional cavity with 
sidewalls) on the aerodynamic and acoustic properties pre-
dicted by the Lattice Boltzmann-based solver PowerFLOW. 
The three-dimensional unsteady simulations of a cavity of 
length to depth (L/D) ratio of 4.5 are carried out for Mach 
number 1.2 for both sidewall and spanwise periodic bounda-
ry conditions. Results are compared to available experi-
mental data. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) Grant funded by the Ministry of Science 
and ICT (NRF-2017R1A5A1015311, 
NRF-2021R1C1C1010198). 
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A Computational Model Considering Stochastic 
Size and Density of Micro-dusts in the Subject with 
Asthma Acute Exacerbation* 1, 2, 

2, 1; 1Kyungpook National University, 
2Kyungpook National University Hospital 
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A numerical study on the risk evaluation of water 
penetration in home appliance* 1, 1, 
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Analysis of Weak Explosion Flow at the Interface of 
Air and Water* Jayabal Rajasekar1, Heuy Dong Kim1* 
1Department of Mechanical Engineering, Andong National 
University, Korea  

This study numerically analyzes the characteristics of shock 
wave propagation in air, water, and interface. This study 
discussed flow physics like reflection, transmission, cavita-
tion, and shock wave propagation qualitatively and quantita-
tively. The computational fluid dynamics (CFD) simulation 
is carried out in a domain that has air, water and TNT. Air, 
water and TNT were modelled using the ideal gas equation 
of state (EOS), polynomial EOS and Jones-Wilkins-Lee 
(JWL) EOS respectively. In this simulation, TNT is numeri-
cally exploded at interface of air and water. In an air explo-
sion, the shock wave propagates and reaches the air-water 
interface. Due to the acoustic impedance of water, the inci-
dent shock wave reflects, and part of the wave is transmitted 
into the water. The acoustic impedance of water is very much 
higher than that of air, so this water surface acts like a solid 
wall. On the other hand, in a water explosion, the incident 
shock wave reaches the water-air interface. Due to acoustic 
impedance of water shock wave reflects as expansion wave, 
resulting in cavitation. In interface explosion, shock wave 
propagates both air and water, the propagation and dissipa-
tion of shock wave was studied and compared. Hence in this 
study, each case was numerically visualized, and the results 
were compared with previous experimental results.  

Keywords: shockwave, explosion, air-water interface, 
acoustic impedance, computational fluid dynamics 

*This work was supported by the National Research Founda-
tion of   Korea (NRF) grant funded by the Korea govern-
ment (MSIP) (No. NRF-2021R1I1A3044216). 

 

Numerical analysis of a phase change effect on the 
multiple pulsations of the spark-generated bubble* 

1, 1, 1,2; 1  
, 2   

It is essential to accurately predict the bubble dynamics be-
cause it is associated with erosion and damage to underwater 
structures. It has been known that shock waves and the jet-
ting hit of bubbles are potential sources of the damage. These 
effects result from not only the first bubble but also from 
rebound bubbles (second, third, etc.). Thus, multiple bubble 
pulsations should be investigated to predict the realistic 
damage from bubble dynamics. Although some researchers 



 

mentioned the importance of multiple pulsation research, the 
complex phenomenon involving surface deformation near 
the solid wall and the phase change effect make an analysis 
of bubble dynamics difficult. In addition, since high temper-
ature may easily develop inside a bubble at the end of the 
bubble collapse, the phase change process inside the hot 
vapor bubble is no longer assumed to be isothermal, which 
has never been considered in the previous works. In this 
study, analyses of 1) the bubble surface structure with and 
without the phase change effect and 2) the phase change 
effect on the rebound bubbles are investigated by applying 
the isothermal and non-isothermal phase change models. In 
the case without phase change, even if the first bubble dy-
namics is predicted precisely, the radius of rebound bubbles 
is much larger compared to experimental data. When the 
isothermal phase change model (Schnerr-Sauer model) is 
applied, the history of bubble radius up to the second bubble 
can be well-matched with experimental data by properly 
selecting the bubble number density. However, the bubble 
number density should be adjusted right after the growth of 
the second bubble to capture the succeeding bubble pulsa-
tions. Thus, the non-isothermal phase change model (Phys-
ics-based model) developed in our research group is applied 
to capture the bubble radius history up to the third pulsations 
without tuning parameters. It is observed that the phys-
ics-based phase change model employs the bubble number 
density separately (condensation, evaporation), and thus the 
thermal effect inside the vapor bubble is accurately captured. 

*The authors are grateful to the support by the U.S. Office of 
Naval Research (ONR) and ONR Global 
(N62909-20-1-2085). 

 

Study on liquid piston compression and expansion 
system Mamun Md Abdullah Al1, Jayabal Rajasekar1 and 
Heuy Dong Kim1; Department of Mechanical Eng., Andong 
National University, Republic of Korea, 36729 
A liquid piston concept is developed to increase the efficien-
cy of gas compression and expansion. Because a liquid can 
provide more the surface area in the gas chamber which 
minimizes energy loss due to heat generation, thus creates 
near-isothermal operation. Therefore, the liquid is  used as a 
medium to carry heat into and out of the compression and 
there will be a heat transfer in between heated bulk gas to 
liquid medium. Two-dimensional numerical simulations 
were carried out to investigate liquid piston concept. The 
compression/ expansion chamber  is cylinder of 2.2 L vol-
ume with  internal diamete of 76 mm and  height of 483 
mm.Present numerical result was validated with experi-
mental of Wieberdink et al. After that, this result was com-
pared with the solid piston case at the same corresponding 
piston speed. Also, the liquid piston cases were compared 
with the different piston speed. Moreover, different heat 
transfer model and solid wall boundary conditions was stud-
ied for present investigation. 

Keywords: Liquid Piston, Isothermal, Gas compression, 
Solid piston, Heat transfer model 

 

Thermal convection in non-colloidal suspensions* 
1, Parisa Mirbod2, Harunori N. Yoshikawa 3; 

1Jeonbuk National University, 2University of Illinois at Chi-
cago, 3Université Côte d’Azur 

This study explores thermal convection in suspensions of 
neutrally-buoyant, non-colloidal suspensions confined be-
tween horizontal plates. A constitutive diffusion equation is 
used to model the dynamics of the particles suspended in a 
viscous fluid and it is coupled with the flow equations. We 
employ a simple model for the effective thermal diffusivity 
of suspensions. This model considers the effects of 
shear-induced diffusion and gives the thermal diffusivity 
increasing linearly with the thermal Péclet number and the 
particle volume fraction ( ). Both linear stability analysis 
and numerical simulation based on the mathematical models 
are performed for various bulk particle volume fractions ( b) 
ranging from 0 to 0.3. The critical Rayleigh number (Rac) 
grows gradually by increasing b from the critical value (Rac 
=1708) for a pure Newtonian fluid, while the critical wave-
number (kc) remains constant at 3.12. The transition from the 
conduction state of suspensions is subcritical in which it is 
supercritical for the convection in a pure Newtonian fluid ( b 
= 0). The heat transfer in moderately dense suspensions ( b = 
0.2 ~ 0.3) is significantly enhanced by convection for small 
Ra close to Rac. We also found a power-law increase of the 
Nusselt number (Nu) with Ra, namely, Nu ~ Rab for relative-
ly large values of Ra where the scaling exponent b decreases 
with b. Finally, it turns out that the shear-induced migration 
of particles can modify the heat transfer. 

*   2021  ( )   
    
(No. 2021R1I1A3048306). 

 

High-fidelity simulation of a liquid jet in supersonic 
crossflow* Dokyun Kim1; 1Hongik University 

The objectives of the present study are to develop and 
demonstrate a high-fidelity simulation tool to predict atomi-
zation of liquid jet in supersonic environment targeting for 
high-speed air-breathing systems. The main goal is to devel-
op a novel energy and entropy preserving scheme that can 
stably predict the physics of liquid atomization in a super-
sonic crossflow. The scheme will be constructed based on a 
nearly skew-symmetric finite-volume discretization in un-
structured Voronoi mesh to enable simulations of realistic 
scramjet geometries with reasonable computational cost. The 
numerical method proposed in the present work will be vali-
dated against the benchmark test cases and liquid jet injec-
tion in supersonic gas crossflow with Ma=1.94. 

*This work was supported by U.S Air Force SBIR program 



 

under the contract number FA8650-19-P-2025 
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Effects of a Tube Diameter on Single Condensing 
Bubble in Subcooled Liquid Flow* 1, HA 
CONG-TU1, 1; 1Ulsan National Institute of Science 
and Technology 
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A numerical study on the bubble formation by gas 
injection based on a coupling method* NGUYEN 
DUY TRONG1, NGUYEN VAN TU1, PHAN THANH 
HOANG1, NGUYEN QUANG THAI 1, WARN-GYU 
PARK1; 1Pusan National University 

In this study, we numerically investigated the formation of 
bubbles by gas injection through orifices in a stagnant liquid 
column and the flow field surrounding the bubbles after de-
tachment under several flow conditions. To this end, we em-
ployed an enhanced coupling method that combines the ad-
vantages of mass conservation property of the vol-
ume-of-fluid (VOF) method with the boundedness and con-
tinuity of a conservative level-set (LS) function for multi-
phase computations to achieve a smoothened and sharpened 
interface. The coupling method was integrated into an in-
compressible Navier–Stokes solver to investigate the bub-
bling flow under various injection conditions. The simulated 
results were first validated against the experimental data of a 
benchmark test case to assess its reliability. The capability of 
the solver was also confirmed by examining the computed 
results and comparing them with those of the other studies. 
Subsequently, we simulated bubbling flow under different 
injected gas conditions and several orifice radii. The simu-
lated results indicated that at low gas injection flow rates, the 
detachment time of bubbles, pinched off the orifice rim, 
could be predicted depending on the orifice radius and vol-
ume flow rate of the gas, whereas orifice radius had a notable 
influence on the detached volume of bubbles. In addition, the 
gas injection flow rate had a significant influence on the 
pressure field surrounding the bubbles after detachment, 
which is useful for studying of the bubbling flows and for the 
optimal design of small-scale systems. 

* This work was supported by the Brain Pool Program 
through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Science and ICT (No. 
2019H1D3A1A01103008). 

 

On clustering in air bubble swarms* Ingu Lee1, 
Haecheon Choi1; 1Seoul National University 

Bubbly flows have numerous applications in industrial and 
environmental situations, e.g. promoting heat and mass 
transfer, reducing skin friction, and dispersing pollutants. A 
better understanding of these flows is important for optimi-
zation and performance prediction. We perform direct nu-
merical simulations of rising air bubbles in stagnant water to 
investigate clustering in bubble swarms. Only horizontal 
clustering occurs in the swarms with small bubbles (deq = 
1mm, 2mm, and 3mm), and both horizontal and vertical 
clustering do in the swarms with large bubbles (deq = 4mm). 
Horizontal clustering is related with a side-by-side alignment 
of bubble pairs after collisions. This alignment is maintained 
until the distance between the bubbles is approximately three 



 

times the diameter of the bubbles, and a counter-rotating 
vortex pair occur between the bubbles during the alignment. 
Vertical clustering is associated with a wake-bubble interac-
tion. When a bubble is placed in the wake generated by the 
preceding bubble, spherical and deformable bubbles move 
away from and stay in the wake of the preceding bubble, 
respectively. 

*This research was supported by the National Research 
Foundation of Korea (NRF) (2021R1A4A1032023, 
2022R1A2B5B02001586) and the Korea Institute of Science 
and Technology Information (KISTI) 
(KSC-2020-CRE-0228). 
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Behavior of gas and vapor bubbles in ultrasound 
fields and the cleaning effect in microchannels* 

1, 1, 1 2, 1; 1Sogang 
University, 2Seoul National University 

Cavitation bubbles formed in ultrasound fields can be classi-
fied into gas and vapor bubbles depending on the constituent 
substance of bubbles, and exhibit different dynamics in re-
sponse to acoustic waves. Despite the different behavior of 
gas and vapor bubbles, the role of gas and vapor bubbles in 
ultrasonic cleaning still remains unclear. Here, we examined 
the cleaning process by cavitation bubbles, and found clear 
differences in the mechanical actions of gas and vapor bub-
bles in ultrasonic cleaning. We assessed the cleaning perfor-
mance on the planar substrates, and demonstrated that one of 
the gas and vapor bubbles is superior to the other depending 
on contamination conditions. Based on the understanding of 
the bubble behavior, we have extended our work to the role 
of gas and vapor bubbles in microchannel cleaning. The 
results of our study not only provide a better physical under-
standing of ultrasonic cleaning, but also propose novel ultra-
sonic cleaning technique to improve cleaning efficiency.  

*     
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A Numerical Study of Bubble Behavior Near A Moving 
Body* NGUYEN QUANG-THAI1,2, VAN-TU NGUYEN1, 
TRONG-NGUYEN DUY1, THANH-HOANG PHAN1, 
WARN-GYU PARK1; 1Pusan National University, 2Vietnam 
Academy of Science and Technology, Institute of Mechanics 

Fundamentals of bubble dynamics are important for many 
applications such as cavitation erosion, drag reduction, ul-
trasonic cleaning, shock wave lithotripsy, needle-free jet 
injectors, etc. Due to varied reasons, the solid body can be 
movable and influences bubble behaviors. In the study, be-
haviors of a single bubble near a moving body wall were 
investigated under various conditions. Fixed and oscillating 
cylinder rods were considered. A numerical model was con-
ducted based on the Volume of Fluid (VOF) method and 
Reynolds-Averaged Navier-Stokes equations on the general 
curvilinear grid. To verify the numerical model, a compara-
tive study of bubble oscillation between numerical simula-
tion and published works of literature was performed. The 
numerical results were agreement in well with the analytical 
solution of the Rayleigh-Plesset equation and experimental 
data. Bubble radius, interface shape, jet formation, and wall 
pressure load during the body wall moving were examined 
and compared with the fixed condition. The numerical results 
have demonstrated the significant effects of moving condi-
tions on bubble dynamics. The bubble collapses more vio-
lently and faster than in the fixed condition (see following 
Fig). Investigations of different shapes are needed to have a 
solid understanding of phenomena, and this remains is 
opened for future studies.  

*This study was conducted with the support of the Basic 
Science Research Program through the NRF Foundation 
funded by the Korea Ministry of Education 
(No.2020R1I1A3067229, No.2020R1I1A1A01072475).   
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PEM    flow channel * 1, 

1; 1Chosun University 
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*This study was supported the Technology Innovation Pro-



 

gram (20011633) funded by the Ministry of Trade, Industry 
& Energy (MOTIE, Korea). 

 

Resolved simulations of development and break-up 
of liquid layer over a rotating disk 1, 1, 

1; 1Sogang University 
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Numerical simulation of two-phase flow by using 
coupled level-set and volume-of-fraction method* 

1, 1; 1Seoul National University of Science 
and Technology 

Two-phase flow simulations have been developed to analyze 
physics phenomena such as wave breaking and wind-wave 
interaction for many years. A special treatment called inter-
face construction was used to classify different fluids. Ac-
cording to prior research, the coupled Level-Set and Vol-
ume-of-Fluid method (CLSVOF) is one of the most effective 
methods for constructing an interface between two fluids. 
The CLSVOF algorithm has been developed and validated to 
well-known cases. A test case known as Zalesak's rotation 
notched disc was used to determine the CLSVOF method 
accuracy. A notched disc was rotating in a circle with con-
stant angular velocity over time in this case. The results show 
that the level-set error near the interface is of the order of 
10-4. Meanwhile, the mass error is on the order of 10-15. An-
other simulation called stretching fluid was carried out to 
validate the CLSVOF method. The vortex flow spins the 
fluid body and stretches it into a thin, then the reversed pro-
cess occurs in the second half of the period. The level-set 
norm order is of 10-4, and that of mass conservation is of 10-6 
for the fine grid case. 

*      
. 

 

The impact of gravity on the internal flow of slinger 
atomizers* Ali Charanandeh1†, Yechan Seo1, Jeekeun Lee2; 
1Graduate school of Mechanical System Eng., Jeonbuk Na-
tional University, Jeonju, 2Dept. of Mechanical System Eng., 
Jeonbuk National University, Jeonju 

The present experimental study investigates the internal flow 
of three slinger atomizers under the gravitational effect. 
Three nozzles with an outer glass disk were designed to ob-
serve the nozzle's internal flow. An ultra-high-speed 
FASTCAM SA-Z Camera was used to capture 
high-resolution digital images at various rotational speeds 
from 2000 rpm to 10000 rpm and different Feeding rates. 
The experimental visualizations revealed that, contrary to 
current speculations, the liquid flow distribution inside the 
slinger nozzle is not uniform. Findings from this study illus-
trate the significant impact of gravity on the nozzle's internal 
flow, which creates an arc-shaped wave inside the nozzle 
cavity. This arc-shaped wave is one of the principal causes of 
the unequal mass flow rates at nozzle orifice exits. 

*This research was supported by the Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) and funded by the Ministry of Education. 
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Modelling of liquid film flow spreading over a ro-
tating disk* 1, 1; 1   

Liquid film flowing over a rotating disk enables the rapid 
formation of liquid film with relatively predictable mean 
flow rate and thickness, thus drawing attentions of many 
researchers and engineers. The flow is accompanied by large 
scale surface waves, which are known to affect the mean film 
thickness and heat/mass transfer rate substantially. In the 
present study, wave structures and underlying physics are 
studied by visualizing liquid film flow spreading over a disk 
rotating at high speed. Liquid is fed by a free surface jet im-
pinging on the center of rotation. Low order numerical mod-
eling is then presented to obtain quantitative velocity and 
film thickness data. The wave formation and propagation 
mechanism in liquid film spreading over a rotating disk is 
distinct from other film flows due to the decrease in local 
flow rate as the film flows downstream. In the high Reynolds 
number flow near the jet impinging zone, turbulent structures 
smaller than liquid film near the bottom (disk surface) sup-
press the formation of large two-dimensional surface waves. 
The sub-depth scale turbulent structures are no longer domi-
nant as the local flow rate reduces in the downstream, lead-
ing to the formation of seemingly chaotic two dimensional 
surface waves. Thus the shallow water turbulence model and 
the integral boundary layer model are both considered in 
numerical modeling. Local spatial and temporal power spec-
tra of film thickness, steepness and curvature are obtained 
from the simulation results. Role of body forces and surface 
tension in wave energy cascade through different scales are 
investigated. 

*       
. 

 

Validation of numerical simulation for snow accu-
mulation on the train through an experiment* 

1, 1, 2, 1, 1; 1Seoul 
National University, 2Korea National University of Trans-
portation 
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A Study on the Four-Phase Flow Numerical Method 
for Low-Sulfur Oil Peeling* 1, 1, 

1; 2; 1Hongik University, 2Korea Institute of 
Science and Technology 
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Gas accumulation inside an inverse U-bend under 
various liquid velocity conditions Jo, Yeonjin1, Jo, 
Daeseong1; 1Kyungpook National University 
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  1, 1, 1Sogang University 
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1,2, 1, 2; 1Hongik University, 2Korea 

Institute of Science and Technology 
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Investigation of particle collision by Eulerian parti-
cle-laden turbulence simulation 1, 1; 
1Yonsei University 
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Assessment of the effects of phase difference be-
tween the instability modes on boundary-layer 
transition* 1, 1, 1, Ray-Sing Lin1, 

1, 2; 1Gwangju Institute of Science and 
Technology, 2Pusan National University 
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Large eddy simulation of flow over a circular cyl-
inder with a neural-network based subgrid-scale 
model* 1, 1, 1; 1Seoul National 
University 

A neural-network-based large eddy simulation (LES) is per-
formed for flow over a circular cylinder. Fully connected 
neural networks (FCNNs) with and without a fusion layer 
(FL) are used to model subgrid-scale (SGS) stresses and their 
performances are compared. Both FCNNs are trained with 
the results from direct numerical simulation (DNS) at Re = 
3900 and are applied to the flows at the trained Reynolds 
number but with three different grid distributions. One is the 
trained grid distribution, and two others are untrained grid 
distributions that are coarser and denser than the trained one. 
While the performance of the FCNN without FL is degraded 
for the flows having untrained grid distributions, the FCNN 
with FL shows improved performances not only for the flow 
having the trained grid distribution but also for the flows 
having untrained grid distributions. 

This work is supported by the National Research Foundation 
through the Ministry of Science and ICT 
(2022R1A2B5B02001586) and the National Supercomputing 
Center with supercomputing resources including technical 
support (KSC-2021-CRE-0292) 

 

The investigation and analysis of the turning point 



 

at which the symmetry of the fluid behavior corre-
sponding to Pr = 7 is broken between two vertical 
walls maintained at different temperatures 1, 

1; 1Yonsei University 

Natural convection occurs in various forms around us, and it 
is being applied and utilized in many fields. In this study, We 
observed the natural convection of water in two vertically 
infinite plates. The flow analysis is calculated using the Na-
vier-Stokes equation and energy equation, solved by the 
Boussinesq approximation using DNS(Direct Numerical 
Simulation). The fluid domain to perform analysis was set 
long in the direction of gravity to observe the characteristics 
of the flow change better. The aspect ratio is 12:2:6 
(stream:wall-normal:spanwise). The Rayleigh number was 
gradually changed from 50000 to 1400000 for observing 
laminar to turbulent flow. The flow developed from laminar 
to soft turbulent flow through a time-periodic unsteady flow 
range. Interestingly, after the initial turbulence (very mild 
turbulence), an asymmetry of the flow field appeared. The 
rising flow near the hot wall or the falling flow near the cold 
wall became stronger and dominated the entire flow field. 
This phenomenon was not observed after a certain Rayleigh 
number after intermittent reversal of the dominant flow di-
rection. In this regard, a more detailed analysis will be pre-
sented at the conference through video and statistics. 

 

Direct numerical simulation combined with the sta-
bility theory for hypersonic boundary layer transi-
tion* 1, 1, 1, 1, 2, 

2; 1Gwangju Institute of Science and Technology, 
2Pusan National University 
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Direct numerical simulation of turbulent transi-
tional flow in a stenosed artery* Dongmin Kim1, Jinyul 
Hwang1, Too-Jae Min2, and Won-Min Jo2; 1Pusan National 
University, 2Korea University College of Medicine 

 A blood flow in carotid arteries becomes unstable when 
stenosis is severe. In particular, the stenosed internal carotid 
artery induces the onset of turbulence in post-stenotic regions, 
which may significantly damage the endothelial cells. In this 
study, direct numerical simulation was conducted to explore 
the turbulent transition phenomena in the stenosed, pa-
tient-specific carotid artery with special emphasis on the 
wall-shear stress distribution. We assumed that the blood is 
an incompressible Newtonian fluid and the blood vessel is a 
solid wall. A pulsatile boundary condition was applied at the 
inlet of the carotid artery. The Reynolds number ranges from 
260 to 884 based on the inlet diameter and has a maximum 
value of 1744 at the stenosis site. We observed the onset of 
turbulence just before the systolic phase and found that the 
turbulence is maintained up to the deceleration phase. The 
probability density function of the wall-shear stress showed 
that the negative wall-shear stress event frequently occurs 
during the transitional phase. In addition, we found that the 
negative wall-shear stress event is related to the area with a 
high oscillatory shear stress index. 

* This work was partly supported by Institute of Information 
& communications Technology Planning & Evaluation 
(IITP) grant funded by the Korea government (MSIT) (No. 
2020-0-00228) and a grant from the National Research 
Foundation of Korea (No. 2020R1F1A1048537). 

 

Turbulent flow past isotropic porous cylinders: 
Manipulation in flow pattern and aerodynamic 
features* *1, 1, 1; 1Seoul National 
University of Science and Technology 
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A cross-flow analysis on the meandering structures 
in a turbulent channel flow using DNS and GAN* 
Mohammad Javad Sayyari1, Jinyul Hwang1, Kyung Chun 
Kim1; 1Pusan National University 

In this study, the meandering behavior of coherent structures 
in a fully-developed turbulent channel flow is investigated 
using the cross-flow data of DNS and GAN at a low friction 
Reynolds number. For this purpose, the two-dimensional 
DNS flow fields are extracted at a fixed stream-wise location 
of the channel, and fed to a WGAN-GP to generate similar 
but fake flow fields. It is shown that the one-point and 
two-point statistics are well matched between the fake and 
real data. Next, the flow fields are examined in terms of the 
meandering motions. In particular, the angle and waviness of 
the turbulent structures are computed and compared with 
those obtained from the DNS data. The results reveal that the 
GAN-based network is capable of capturing the meandering 
motions and their characteristics hidden in the training data, 
such as increase of the waviness with size of structures. Such 
studies are required before these networks can be used for 
generating inflow boundary conditions at high Reynolds 
numbers in order to reduce the computational costs of the 
DNS. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIT) (No. 2020R1A5A8018822) 
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Dispersion analysis of respiratory events in transfer 
vehicles* Van-Thanh Ho1, Thi Thanh Giang Le1, Jihoon 
Kim2, Jaiyoung Ryu1,2; 1Department of Intelligent Energy 
and Industry, Chung-Ang University, 2Department of Me-
chanical Engineering, Chung-Ang University 

During the pandemic, the transfer vehicles are considered as 
an effective means of transporting patients and working en-
vironment for guardians. Heating, Ventilation, and Air Con-
ditioning (HVAC) systems of the vehicles significantly im-
pact patient-generated aerosol transmission. Therefore, the 
optimization of the vehicle ventilation needs to be conducted 
for safety of the guardians since the distance between the 
patient and the guardian is very short. In this study, CFD 
simulations of aerosol breathing of patients and guardians 
were carried out to evaluate the evolution of respiratory con-
tamination and thereby make appropriate designs for the 
transfer vehicle ventilation system. The effects of various 
breathing mechanisms from the patient and wearing masks to 
prevent the spread of respiratory contaminants were investi-
gated. Results showed that the optimum Air Changes per 
Hour (ACH) value was 24 under ambient RH of 50% and 
temperature range of 20 22 . The masks have blocked at 
least 95% of respiratory aerosols and the leakage is mainly 
tiny particles that need the energy to move to the down-
stream area and suck out. Tiny particles are less affected by 
viscous dispersion; however, increasing mass flow rate of the 
air at the patient region can dissipate their momentum and 
kinetic energy more quickly, sucking them up as soon as they 
exit the environment. Reducing transmission and exposure to 
airborne particles will significantly aid future mitigation 
strategies ensuring guardian safety. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MEST) (No. 2019R1A2C1087763). This work was 
supported by the Mobile Clinic Module project from the 
KAIST (MCM-2020-N11200221). This research was sup-
ported by the Chung-Ang University Research Grants in 
2021. 
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Impact of temperature and humidity on the spread 
of COVID-19 within indoor environment* 1, 

1, 2, Steven Barrett2, 1; 1Department 
of Mechanical Engineering, Seoul National University, 
2Department of Aeronautics and Astronautics, Massachusetts 
Institute of Technology 
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Effect of Physical Properties of Saliva Residue on 
Prolongation of Microbial Survival* Subin Han1, 
Hyunji Myung1, Yu Jeong Kim1, Ye Jin Kang1, Young Soo 
Joung1; 1Department of Mechanical Systems Engineering, 
Sookmyung Women's University, 100, Cheongpa-ro 47-gil, 
Yongsan-gu, Seoul, Republic of Korea  

This work investigated the survival mechanism of microor-
ganisms transmitted by saliva droplets. One of the main 
transmission modes of human disease is the dispersion of 
saliva droplets containing viruses or bacteria during sneezing 
and coughing. Saliva residues consist of various complex 
chemical and biological contents initially dissolved in the 
saliva droplets. Because saliva droplets are evaporated in the 
air, the size of droplets rapidly decreases, but the concentra-
tion of substances containing microorganisms rapidly in-
creases. Bacteria are known to have e-
pending on the environmental condition and the biological 
properties of the saliva. However, it is unclear why bacteria 
carried by saliva droplets show much longer viability than 
single bacteria exposed to the air. In this work, we have 
shown that the physical properties of saliva reside, such as 

residues, we used droplets containing particles and bacteria. 
Interestingly, the bacteria viability varied with 
the size and concentration of particles in the droplets. As a 
result, we found that the relative concentration and size of 
bacteria to particles are the key factors governing the bacte-

 of porous media com-
posed of two different-sized particles, we showed that the 
bacteria viability is significantly affected by the drying time 
of the residue. When the pores between the microparticles 
are densely filled with bacteria, the viability of the bacteria is 
greatly improved by slow evaporation through the bacteria 
bodies. For the first time, this study reveals the physical ef-
fect of saliva residues on bacterial viability, and this finding 
will serve as an essential reference for understanding disease 
transmission by saliva droplets. 

*This work was supported by a National Research Founda-
tion of Korea (NRF) grant funded by the Korean government 
(MSIT) (Grant Number: NRF-2018R1C1B6004585).

 

Eating facilitates risky airborne transmission* Biruk 
Teka Gidreta1, Hyoungsoo Kim1; 1KAIST 

Food and beverages are complex materials containing sur-
factants, polymers, sugars, alcohols, water, and so on. 
Therefore, during eating, the physical properties of saliva 
fluid can be easily altered. Furthermore, as a dining culture, 



 

we chat with others while eating, which exposes us to air-
borne human droplets. When we talk, a high shear rate is 
applied on saliva, which causes a significant decrease in 
saliva viscosity. In addition, the surfactants in food and the 
alcohol in beverages lower the surface tension of saliva. Here, 
using systematic experiments on artificial saliva, we show 
that the changes in physical properties of expelled respiratory 
liquid induced during eating result in the formation of small-
er droplets, which derive the airborne transmission pathway 
of pathogens. Using high-speed shadowgraph experiments, 
we investigate the effect of saliva fluid properties on the 
atomization morphology of saliva. Our results show that the 
decrease in viscosity leads to a decrease in the pinch-off time 
of ligaments from the expelled liquid sheet, while the de-
crease in surface tension results in thinner ligaments, which 
eventually generate droplets of smaller sizes. We characterize 
our results using probability density functions (PDF) of the 
droplet size as well as the Sauter mean diameters. Further-
more, we provide a theoretical model based on a dimension-
less timescale and capillary number to rationalize our ex-
perimental findings. 
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  Machine Learning   
   * 1, 2, 2, 

1; 1Hexagon(wanho.jeon@hexagon.com), 2LG  
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Introduction of Digital Twin in DOOSAN Ener-
bility* 1, 1; 1Doosan Enerbility 
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Visualization study on wetting characteristics of 
pre-coating materials for tube heat exchanger via 
synchrotron X-ray imaging* 1, 1, 

1, 2, 2, 2, 2, 
1; 1Pukyong National University, 2LG Electronics 
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An insight into the formation of Coanda flow by 
Coaxial multiple swirlers* Milad Khaleghi Kasbi , Reza 
Alidoost Dafsari , Jupyong Kim , Jeekeun Lee1; 1Chonbuk 
National University 

The swirling airflow generated by the multiple swirlers in the 
airblast nozzle is critical for forming droplets of varying 
sizes. Due to the complexity of the internal geometry and the 
large number of independent variables affecting the swirling 
flow structure inside the combustion chamber, this nozzle 
type has been the topic of numerous studies. A numerical 
analysis was carried out to evaluate the swirling flow struc-
ture and Coanda flow in an airblast nozzle with multiple 
coaxial swirlers. Internal and external flow analyses are used 
in the simulation. The RNG k-epsilon and SST k-omega 
turbulence models match the experimental data. The position 
of the recirculation zone dictates the shape of the swirling 
flow structure. The flow characteristics and transition from a 
swirling to a Coanda flow are dependent on the design of 
several swirlers. Swirling airflows with a high momentum 



 

ratio have been found to have a more significant potential for 
forming a Coanda flow and attaching it to the dome plate's 
surface. Additionally, increasing the divergence angle in-
creases the required minimum recess length for preventing 
Coanda flow in the airblast nozzle. Airblast nozzles can also 
be classed according to the shape of the airflow structure 
they have. The airflow structure in a cylinder shape is more 
likely to move in an axial direction, whereas the airflow 
structure in a bubble shape structure is more likely to devel-
op in a radial direction. As a result, Coanda flow can be gen-
erated in a bubble shape rather than a cylindrical one. 

*This research was supported by the Defense Industry Tech-
nology Center (DITC), and Hanwha Aerospace Co. under 
Grant No. UC190008D, and the Basic Science Research 
Program through theNational Research Foundation of Korea 
(NRF) and funded by the Ministry of Education (Grant 
number: NRF2018R1D1A1B07040902). 

 

Geometry and injection condition effects on the 
Atomization Characteristics of Pre-filming Airblast 
Nozzle; an Experimental Study* REZA ALIDOOST 
DAFSARI1, MILAD KHALEGHI KASBI1, JUPYONG 
KIM2, JEEKEUN LEE1; 1Fluid Engineering Lab., Jeonbuk 
National University, 2Hanwha Aerospace 

With the advancement in the aviation gas-turbine engine and 
the requirement of efficient combustion, more attention has 
been drawn to the pre-filming air-blast nozzles thanks to 
their small size droplets and high swirling structure. The 
complex geometry of pre-filming air-blast nozzles generates 
turbulent spray with regions of recirculation for complete 
combustion with the least harmful product. The spray struc-
ture is of prime importance in the combustion quality. the 
structure of the resulting spray can be highly affected by the 
physical properties of the fuel, the geometry of the atomizer, 
and the injection condition. Despite numerous studies in the 
literature, some features of the pre-filming nozzle remain 
disregarded. An experimental attempt was made to investi-
gate the effect of injection condition and the nozzle geometry 
on the flow structure and atomization characteristics namely 
the spray angle and the droplet size. Laser diagnostic meth-
ods were employed to quantitatively study the flow pattern. 
Mie-scattering technique was implemented to capture spray 
structure, Particle Image Velocimetry (PIV) was used to 
measure planner velocity of the flow, and line profiles of 
droplet size and uniformity were measured using Phase 
Doppler Particle Analyzer (PDPA). Air pressure difference 
across the nozzle, and the air-to-liquid mass flow ratio were 
controlled in the studied range. Four nozzles were designed 
and manufactured with various internal geometries such as 
swirler size and cross-sectional area to generate a range of 
swirl intensity and initial velocity. The result showed the 
significance of swirl number and pressure condition on the 
atomization quality and the flow pattern. 

 * This research was supported by the Defense Industry 

Technology Center (DITC), and Hanwha Aer-ospace Co. 
under Grant No. UC190008D, and the Basic Science Re-
search Program through the National Research Foundation of 
Korea (NRF) and funded by the Ministry of Education 
(Grant number: NRF2018R1D1A1B07040902). 
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A study of thermophysical properties of Ga-
linstan-ethylene glycol emulsions* Muhammad Shoaib 
Ijaz1, Kwangseok Park1, Hyoungsoo Kim1; 1KAIST 

Improving the cooling performance of a system is of im-
portance for renewable energy and energy sustainability. 
Herein as a novel coolant, we present Galinstan-ethylene 
glycol emulsion having up to a volume fraction ( ) of 0.1 
obtained from an ultrasonication method. We subsequently 
characterized its properties including emulsion size, density, 
viscosity, specific heat capacity, and thermal conductivity. 
For the hydrodynamic characteristics, we observed that the 
volume fraction  = 0.01 was the critical value to distinguish 
the regime of Newtonian and non-Newtonian fluid behaviors 
(i.e., shear-thinning behaviors). Regarding the thermal prop-
erties, we found that the specific heat capacity decreased 
with increasing  while density changed linearly. On the 

contrary, it turns out that overall thermal conductivity in-
creases with . Interestingly, for  > 0.01, the thermal con-
ductivity increased linearly but for  < 0.01 it dramatically 
increased depending on the concentration of Galinstan. In 
this work, we will explain this main reason by taking into 
account the aggregation of the particles, nano-convection and 
effective medium theory. Finally, we showed that the pro-
posed coolant, Galinstan-ethylene glycol emulsion, can be 
considered as a new working fluid to enhance the heat trans-
fer effect. 

* This work was supported by the Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF-2021R1A2C2007835). 
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Computational Investigation of the Effect of 
Unsteady Convective Heat Transfer Coefficient in 
Electrothermal De-icing* Esmaeil Esmaeilifar1, 
Lawrence Prince Raj3, Rho Shin Myong1,2; 1Gyeongsang 
National University, 2Research Center for Aircraft Core 
Technology, 3Indian Institute of Engineering Science and 
Technology, Shibpur 

In most computational simulation tools of icing, the 
convective heat transfer coefficient is calculated based on the 
isothermal wall temperature in the air solver and remains 
unchanged during the unsteady simulation. In this study, the 
air solver is tightly coupled with ice accretion and heat 
conduction solvers to investigate the effect of unsteady 
convective heat transfer during the de-icing process. 
Compressible Navier-Stokes-Fourier equations are used for 
the air solver. Parallelization based on Coarray Fortran and 
dual time-stepping are also utilized to conduct efficient 
computational simulations. Finally, the electrothermal 
de-icing model is validated by comparing with experimental 
results obtained in the NASA Lewis Icing Research Tunnel. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) Grant funded by the Ministry of Science 
and ICT (NRF-2017R1A5A1015311). 

 

Heat transfer enhancement by a pair of asymmetric 
flexible vortex generators with an inclination angle 

1, 2; 1Seoul National University of Science 
and Technology, 2Seoul National University of Science and 
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Temperature sensing on the cathode of SOFC using 
phosphor thermometry* TAO CAI, , , 

; Pusan National University 

The solid oxide fuel cells (SOFCs) technique has attracted 
much attention due to its high efficiency and cleanliness and 
it has been expected to be the next generation of energy 
products. However, the measurement and monitoring diffi-
culties caused by its complex internal structure seriously 
restrict the development of this technology. Especially, the 
acquisition of physical information on internal temperature 
and flow, which are difficult for traditional measurement 
methods. The current research has developed a phosphores-
cence-based thermophysical information measurement tech-
nology. Combined with the novel SOFC cathode preparation 
method, we doped a non-contact sensing technique for inter-
nal temperature by doping a small amount of micron-sized 
phosphorescent particles into the yttria-stabilized zirconia 
powder, which achieved the obtaining of internal tempera-
ture information without damaging the SOFC cell. The de-
veloped technique enables 2D temperature acquisition under 
hot stage simulated SOFC operating conditions, verifying the 
feasibility of the current technique. The current technology is 
expected to provide effective technical support for the de-
velopment of high-performance SOFC technology in the 
future. 

*This work was supported by the Korea Research Fellowship 
Program from the National Research Foundation of Korea 
(NRF) grant (KRF-2019H1D3A1A01071033). This research 
was also supported by the National Research Foundation of 
Korea (NRF) grant, which is funded by the Korean govern-
ment (MSIT) (No. 2020R1A5A8018822, No. 
2021R1A2C2012469). 
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Tuning surface morphology of TFT by suppressing 
coffee ring effect* Tiara AM1,2, Sajjan Parajuli1,2, Hyeo-
kgyun Moon2,3, Younsu Jung1,2, Sagar Shrestha1,2, Hao 
Yang1,2, Jinhwa Park1,2,Gyoujin Cho1,2#, Jinkee Lee1,3#; 
1Department of Biophysics, Institute of Quantum Biophysics, 
Sungkyunkwan University, Suwon, 16419, Republic of Ko-
rea 2Research Engineering Centre for R2R Printed Flexible 
Computer and Department of Intelligent Precision 
Healthcare Convergence, Sungkyunkwan University, Suwon, 
16419, Republic of Korea  3School of Mechanical Engi-
neering, Sungkyunkwan University, Suwon, 16419, Republic 
of Korea 

Controlling the morphology of the barium titanate (BTO) 
dielectric ink is paramount to attaining a uniform pattern and 
optimising device performance of printed thin-film transis-
tors (TFT) via R2R gravure. During the ink drying process, 
the formation of an uneven pattern at the edge, also known as 
the coffee ring effect, due to capillary flow and subsequent 
contact line pinning affects the printing resolution. The au-
thors have employed the use of a co-solvent with a high 
boiling point at different formulations, to lower the capillary 
flux and form a homogeneous film, to maintain a uniform 
threshold voltage (Vth). An increase in the sample viscosity 
creates significant resistance to the radially outward flow, 
and lessens the uneven deposition pattern at the edges, as 
indicated by 3D profilometer images. The inherent instability 
of multicomponent inks is reduced in the study, without the 
addition of stabilizers or compromising the device stability. 
By monitoring the motion of the colloidal BTO particles that 
occur during solvent evaporation, the authors were able to 
fabricate high quality and uniform patterns in printing TFTs.  

*This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MIST) (No. 2020R1A5A1019649) and Basic Science Re-
search Program through the National Research Foundation of 
Korea (NRF) funded by the  Ministry of Education 
(NRF2021R1A6A1A03039696). 

 

Implementation of Thermal-load based Multiphys-
ics    Topology Optimization in 3D Conformal 
Cooling Channel Design Procedure Using Pseu-
do-density Method* Min Liang Wang1 and Hyun Wook 
Kang1; 1Department of Mechanical Engineering, Chonnam 
National University 

As a particularly useful finite element analysis-based design 
approach, topology optimization (TO) is considered to be a 
promising strategy to design conformal cooling channel lay-
outs. Thermal-load based designation means geometric in-
formation of three-dimensional injection mold can be ex-



 

pressed by defining thermal load distribution on a 
two-dimensional plane domain. Pseudo-density is defined as 
a near-binary design variable to determine the material (1 for 
fluid, 0 for solid) of the element it represents In this study, a 
thermal-load based Multiphysics TO procedure is proposed 
to design conformal cooling channels by using the pseu-
do-density method. Specifically, a self-programming Ga-
lerkin finite element solver is constructed to solve ther-
mal-fluid coupled equations for both fluid and solid domain, 
where all material properties are dominated by pseu-
do-density with SIMP (the Solid Isotropic Material with 
Penalization) interpolation scheme. Pseudo-density of each 
element then will be updated at each iteration by MMA (the 
Methods of Moving Asymptotes) algorithm based on the 
sensitivities of objective function and constraints. As soon as 
the maximum change of pseudo density reaches the set al-
lowable amount, the iteration will stop and output the topol-
ogy optimized fluid channel layout. Furthermore, a case for 
cooling plate with isosceles trapezoid cross section is studied 
and verified by conjugate heat transfer simulation analysis. 
The objective function given in this research is a combina-
tion of average pressure drop minimization and thermal dis-
sipation maximization. The results show that the average 
pressure drop in optimal-shaped channel is 44.2 Pa, while for 
traditional parallel-shaped channel with same volume ratio, 
the average pressure drop is 69.0 Pa. Meanwhile, the cooling 
time of mold before ejection is 3.3 s, while for traditional 
parallel-shaped channel, the cooling time is 4.5 s.  

* This research was supported by Energy AI Convergence 
Research & Development Program through the National IT 
Industry Promotion Agency of Korea (NIPA) funded by the 
Ministry of Science and ICT (No. S0253-22-1003). 

 

CFD study of jet impingement on a heated moving 
wall* Kuldeep Baghel1, Zahra1, Jinkee Lee1; 
1Sungkyunkwan University,  

We present a computational study of unconfined planar water 
jet impingement on a heated moving flat surface. To reduce 
computation cost and time, the computational domain was 
divided into two parts to carry out 3D simulations. 
Superimposing phenomena were used to resolve outer 
boundaries. Reasonable accuracy is achieved by splitting the 
domain into two parts and using superimposing principle. 
Volume of Fluid (VOF) method was used to capture 
interfacial structures and Scale Adaptive Simulation (SAS) 
was adopted for turbulence modeling. Nozzle Reynolds 
numbers of 4000, 8000, and 12000 were considered. 
Charasyetics length of nozzle width (w) and liquid properties 
at nozzle exit were considered for Reynolds number 
calculations. Four different velocity ratios (us/uj) were 
considered, where, us is the impingement surface velocity 
and uj is the mean velocity of the liquid at the nozzle exit. 
Validation of study is performed by comparison of numerical 
results to experimental data from the literature. The effect of 
gravity was significant for Reynolds numbers below 4000. 

The average Nusselt number was found to reduce with 
increasing surface velocity. Moving surface significantly 
affects the peak heat transfer region near the impact as well 
the location of peak heat transfer.  

*This research was supported by Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) grant, funded by the Korea government (MSIT) (No. 
2020R1A2C3010568, 2021R1A6A1A03039696), and by the 
Bio and Medical Technology Development Program of the 
National Research Foundation funded by the Korean gov-
ernment (MSIT) (No. NRF-2021M3A9I4021220). In addi-
tion, it was also supported by the Korea Environment Indus-
try and Technology Institute (KEITI) through its Ecological 
Imitation-based Environmental Pollution Management 
Technology Development Project, and funded by the Korea 
Ministry of Environment (MOE) (2019002790003) 
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A numerical and experimental study on heat dissi-
pation system design of an inverter* MOHAMMAD 
HOSSEIN KASHEFI1, AHMAD ALI AWAIS1, KYUNG 
CHUN KIM1*; 1Pusan National University,  

This paper deals with the experimental and numerical inves-
tigation on the heat dissipation of an IGBT inverter with 
water cooling system. A minichannel heat sink with the 
header collector has been designed in order to remove the 
heat from the heat fluxing plate. The optimum dimensions of 



 

the fin height, fin spacing and fin thickness have been ob-
tained 3mm, 0.5mm and 1mm, respectively. This study has 
been done in different heat fluxes and different flow rates in 
order to obtain the temperature distribution profile. The re-
sults revealed that the plate has been cooled more uniformly 
compared to the conventional heat sinks. The base tempera-

results and it has been validated with experimental results 
with around 5% error. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by the Korean 
government (MSIT) (No. 2020R1A5A8018822). 

 

Efficient immersed boundary projection method 
for heat transfer problems* Tiantian Xu1, Jung-Il 
Choi1; 1Yonsei University, School of Mathematics and 
Computing (Computational Science and Engineering)  

An efficient immersed boundary projection method with 
staggered time discretization is proposed for incompressible 
viscous flows with heat transfer. The main idea is to use a 
block LU decomposition technique to decouple the momen-
tum and the energy equations, including immersed boundary 
forcing. The pressure, the momentum forcing, and the energy 
forcing are treated as Lagrangian multipliers to impose the 
divergence-free constraints and no-slip conditions at the 
immersed boundary surfaces. A staggered time discretization 
with the Crank-Nicolson scheme is applied to decouple the 
temperature and the velocities, which means that the velocity 
fields are described at integer time levels (n+1). In contrast, 
the temperature fields are defined at half-integer time levels 
(n+1/2). Thus, we obtain an immersed boundary projection 
method with the staggered time discretization to solve the 
heat transfer problems. Numerical simulations of 
two-dimensional (2D) forced convection, natural convection, 
and three-dimensional natural convection are performed to 
verify the performance of the present method. Subsequently, 
particulate flows with and without heat transfer demonstrate 
the ability of the present method to deal with complex heat 
transfer problems. Finally, simulations of the multiple parti-
cles sedimentation demonstrate the robustness of the present 
method for complex heat transfer flows over moving objects. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) (No. 2022R1A2C2003643) grants 
funded by the Korea government (Ministry of Science and 
ICT). 
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Utilizing a Novel Passive Evaporative Cooling 
Technology to Improve Heat Recovery Perfor-
mance of Thermoelectric Generators Zheng Liang 
Jun1, Kang Dong Hee1, Kim Na Kyong1, Wang Min Liang1, 
Kang Hyun Wook1; 1Chonnam National University 

Energy plays a vital role in the development of human soci-
ety, to maintain social development, massive energy is con-
sumed. And most of it comes from non-renewable fossil 
fuels. Therefore, search for new alternative energy sources 
and development of renewable energy technologies is urgent. 
Thermoelectric generator (TEG) is a promising technology, 
which can convert the temperature difference into electricity. 
However, the development of thermoelectric materials seems 
hit a bottleneck, so it is necessary to turn our attention to 
more efficient use of existing TEGs. As a common phenom-
enon in nature, evaporative cooling has been widely used to 
dissipate heat in buildings, electronic products and industries. 
However, the study of utilizing evaporative cooling technol-
ogy to improve TEG performance are lacking. In this study, 
we utilize a novel passive evaporative cooling technology to 
enhance TEG output performance. A passive evaporative 
cooling heat sink (PECHS) was constructed by super hydro-
philic paper towels and an aluminum heat sink. PECHS has 
excellent evaporative cooling capability and energy-free 
water transport characteristics. By combining thermodynam-
ics and heat & mass transfer theory, a theoretical model of 
the PECHS cooled TEG is established, and the effects of 
certain key parameters on the TEG output capacity is inves-
tigated. Furthermore, the normal heat sink cooling case as a 
control group. The results show that by utilizing PECHS, the 
TEG temperature difference was nearly 2 times of the control 
group. 

 

Novel Solar Reduced Graphene Oxide/Polyvinyl 
Alcohol Sponge for Highly Efficient Solar Steam 
Generation Higgins M. Wilson1, H. W. Lim1, and S. J. 
Lee1; 1Pohang University of Science and Technology 
(POSTECH) 

In recent times, interfacial solar steam generation (ISSG) has 
demonstrated highly efficient steam generation under low 
solar intensities. However, novel thermally insulating con-
figurations are still necessary to realize these interfacial solar 
steam generators for practical applications. In this work, we 
demonstrate the application of a novel 3D interfacial solar 
steam generator fabricated with solar reduced graphene ox-
ide (SRGO) and polyvinyl alcohol (PVA) sponge. The 
unique 3D configuration achieved an exceptional water 
evaporation flux of 3.5 kg m-2 h-1 under 1 sun illumination (1 
kW/m2), which is nearly a 10 times enhancement over con-
ventional bulk evaporation systems. The significant steam 
generation performance is attributed to the innovative 3D 
jacket configuration that promotes heat insulation at the top 
localized surface. In addition, the synergic effect of high 
solar absorbance of SRGO and excellent water capillary 



action of hydrophilic PVA sponge helps in the sustained ex-
cellent performance in long-term steam generation. In future 
work, these solar steam generators shall be further utilized 
for passive solar desalination and clean water generation. 
The results of these work shall inspire future developments 
of 3D thermally insulating structures for excellent solar 
steam generation.

Ocean waves energy harvesting using roll and pitch 
motion of floater* Aref Afsharfard1, Kyung Chun Kim2; 
1Ferdowsi University of Mashhad, 2Pusan National Univer-
sity

A stable source of renewable energy, which has practical 
application prospects, is the ocean wave energy harvesting. 
Based on the irregular nature of ocean-waves, researchers 
have designed many energy harvesters, with several ad-
vantages and disadvantages. The main aim of this study is to 
present a new ocean wave energy harvester, which works 
based on both of pitch and roll motions of a marine system. 
In doing so, a semi-stable vibratory system is designed to 
magnify the motions of floater. Using a ball-joint mechanism, 
the two degree of freedom oscillatory motion is converted to 
two reciprocal rotations. Two mechanical rectifiers provide 
continuous rotation needed by the electromagnetic transducer. 
The governing electromechanical equation of motion for the 
discussed system is derived to study the effects of changing 
the ocean-wave properties on the application of the energy 
harvester.

* This work was supported by Brain Pool Program through 
the National Research Foundation of Korea (NRF) funded by 
Ministry of Science and ICT 
(NRF-2021H1D3A2A01096259)

* This work was also supported by the National Research 
Foundation of Korea (NRF) grant, which is funded by the 
Korean government (MSIT) (No. 2020R1A5A8018822)
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Performance of energy harvesting by slosh-induced 
wave 1, 1, 1; 1  

The present study investigated slosh-induced energy har-
vesting before dissipation of the wave by using a newly de-
vised piezoelectric harvester. The harvester mounted on the 
center of the tank consisted of an elastic part and rigid part to 
maximize the energy harvesting. Wave conditions are 
changed with an excitation amplitude & frequency, water 
height, and the elastic thickness of the harvester. To find the 
optimal energy harvesting conditions, the dynamics of a 
newly designed harvester are investigated in terms of the 
maximum tip deflection, phase difference, and 
non-dimensional analysis. Above all, the sloshing resonance 
is vital parameter for the maximum deflection of the har-
vester and the phase difference between the sloshing tank 
and the harvester to induce the maximum deflection does not 
necessarily occur only in the zero phase. Then, the energy 
harvesting using sloshing flow is undertaken to evaluate the 
performance of the given harvester. Slosh-induced 
open-circuit voltage and short-circuit currents are success-
fully obtained and compared with each other varying given 
experimental variables. In addition, the energy harvester is 
effective in reducing the strong pressure on the wall subject-
ed to sloshing impact as a baffle. We eventually confirmed 
the possibility of promising source for renewable energy 
based on the outstanding output power density. 

 

Experimental Study on the Tidal Current-Pumped 
Storage Hybrid Power Generation by the Flapping 
Mechanism* 1, 1, 1, 1, 
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Analysis on the performance enhancement of a pair 

of vertical-axis wind turbines in a side-by-side ar-
rangement* 1, 1; 1Seoul National Univer-
sity 

We investigate the efficiency of the power generation of a 
pair of vertical-axis wind turbines (VAWTs) arranged in a 
side-by-side configuration using large eddy simulation. The 
performance enhancement is observed for all possible con-
figurations of VAWT pairs. The flow characteristics around 
the blades of the VAWT pairs such as the formation and de-
velopment of the leading-edge vortex are examined, and it is 
demonstrated that the power generation of the turbine pairs is 
increased due to the accelerated flow on the either side of a 
VAWT. We obtain the flow velocity from both leeward and 
windward sides of an isolated VAWT and predict the perfor-
mance of the VAWT pairs using the measured data. 
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 (KSC-2018-CHA-0030)  

  . 

 

Multi-GPU      
LES * 1, 2, 1; 1  

( ), 2  
 

        
(UAM)       

  ,    
     

      . 
   Multi-GPU    
  ,   CPU   

  GPU      
        

  .    CUDA 
Fortran   Multi-GPU  

(Large-eddy simulation)   
 .    CFL  

        
      

-     
,      

  (Immersed boundary 
method)  .     

   Street canyon   
     

.  GPU    Weak scalability, 
Strong Scalability     

       
      

.  ,    
   UAM     



 

UAM        
    . 

*      
(KETEP)  (No.20204030200110),  

   (No. 
2022R1A2C2003643)     

. 

 

 GIS   WRF  
   * 

1, 2, 2; 1  
, 2   

( ) 

 ,  ,  , 
        
       

    .  
       
     . , 

       
      

      
      

    . 
   (Geographic 

Information System; GIS)   (cell clas-
sification)   .    
Weather Research and Forecasting (WRF)   

     
 . 2018     

      
.      
      

      
  (cool island)    

. ,     
       

      .  

*    (No. 
2022R1A2C2003643)     

. 

 

: 1 

6  24   10:20 – 11:20 

4   

: ( ) 

 

Challenging towards carbon neutrality and the 
Green New Deal: Wind Energy* Bumsuk Kim1; 
1Faculty of Wind Energy Engineering, graduate school of 
Jeju National University 
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The Passive Behavior of Inconel 718 Alloy* 2, 
1, 2; 1Materials Science and Engineering, Changwon 

National University, 51140 Changwondaehak-ro 20, Chang-
won, 51140, South Korea, 2Materials Convergence and Sys-
tem Engineering, Changwon National University, 51140 
Changwondaehak-ro 20 
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Numerical Analysis of Film Cooling Performance 
by S-Shaped Vortex Generator Application to Gas 
Turbine Blade* 1, 1; 1Changwon National 
University,  
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Numerical investigation of the cooling performance 
and flow characteristics in double-wall cooling 
structures for combustor liner cooling based on the 
change in the orientation angle for the effusion 
hole* 1, 1; 1Changwon National University 

In this study, a double-wall cooling structure for 
full-coverage cooling was investigated using numerical sim-
ulations for the cooling of the combustor liner. Two dou-
ble-wall cooling structures were presented, and the orienta-
tion angles of the effusion holes in the effusion cooling plate 
were considered to be 0 ° and 30 °, respectively. Importantly, 
the design parameters of the impingement cooling plate were 
the same for the two different double-wall cooling structures. 
The flow characteristics in the main flow passage, cross flow 
passage, effusion holes, and impingement holes, were nu-
merically analyzed. When the orientation angle was changed 
from 0 ° to 30 °, the effectiveness of area-averaged film 
cooling, and the surface heat transfer coefficient on the hot 



 

side, were improved by an average of 2.89 % and 11.7 %, 
respectively. The counter-rotating vortex causing jet-lift at 
the exit effusion hole was suppressed to increase the effec-
tive area of the horseshoe vortex in the streamwise direction. 
Additionally, the area-averaged Nusselt number on the cold 
side was improved by 33 % on average as the orientation 
angle changed from 0 ° to 30 °. Furthermore, the ar-
ea-averaged Nusselt number converged when the blowing 
ratio exceeded 6.3. 
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Numerical study on the combustion and emissions 
characteristics of propane/hydrogen mixed fuel in a 
gas turbine combustor* Sajan Tamang1, Heesung Park1; 
1Changwon National University 

In this study, a numerical simulation is presented for the 
combustion characteristics of a hydrogen mixture fuel in a 
can-type combustor. A numerical simulation propose using 
the non-premixed flamelet model, the Reynolds stress model, 
and the discrete ordinate model are used to account for the 
turbulent flow and radiation. The can combustor power was 
fixed at 50 kW to conduct the numerical simulation. The 
steady flamelet model is employed to investigate the effect of 
hydrogen-enriched in the fuel composition and equivalence 
ratio on a stable flame operation combusted gas distribution 
and contours graph, velocity distribution, NOx emission, and 
the other species concentration. The results show that the 
hydrogen enriched in the fuel composition and equivalence 
ratios are significantly affected the combustion characteris-
tics. Therefore, the hydrogen enriched in the fuel promotes 
the combustibility and leads to increases in the flame tem-
perature inside the combustion chamber.  
*This work was supported by Korea Institute of Energy 
Technology Evaluation and Planning (KETEP) grant funded 
by the Korea government (MOTIE) (20214000000480, De-
velopment of R&D engineers for combined cycle power 
plant technologies). 

 

Defected fluorite   Y3NbO7 
 Ta5+     

* 1, 1, 1, 1; 
1Department of Materials Convergence and System Engi-
neering, Changwon National University, Changwon, 
Gyeongnam 641-773, Republic of Korea 

       
        

    .  

       
    YSZ    

     . Defected 
fluorite   Y3NbO7   

      
        

.   Y3NbO7  Ta5+   
Y3(Nb1-xTa x)O7    

   .   
,       

      
Ta5+        

.    Ta5+   
    , 
  1.2W/m k     . 
 Ta5+       

  disorder     
.    Ta5+    

    .  
 Y3(Nb1-xTa x)O7    

     . 

 

:    4 

6  23   15:05 – 16:20 

5   

: ( ) 
 

Parametric study on efficiency and power output of 
combined cycle gas turbine(CCGT) power plant * 
Youngjun Choi 1, Byunghui Kim 2, Seokho Kim 3; 1Smart 
Manufacturing Engineering, Changwon National University, 
2Regional Leading Research Center, Changwon National 
University, 3Mechanical Engineering, Changwon National 
University 

Combined cycle gas turbine(CCGT) power plant is a power 
generation system that realizes an efficiency of 60% by re-
using the high temperature exhaust gas from a gas turbine 
and combining it with a steam turbine. In general, compared 
to coal-fired power plants, the thermal efficiency is high and 
it is eco-friendly. In addition, carbon emissions can be miti-
gated by improving the thermal performance of CCGT pow-
er plants. In order to improve the performance of CCGT 
including heat recovery steam generator(HRSG), it is neces-
sary to analyze the cycle according to the operating condi-
tions of the components. In this paper, the components of 
CCGT were implemented and power output and thermal 
efficiency of cycle were analyzed through parametric studies 
of pressure ratio, turbine inlet temperature(TIT), compressor 
and turbine efficiency, and cooling air ratio using HYSYS. 

*This work was supported by Korea Institute of Energy 



 

Technology Evaluation and Planning(KETEP) grant funded 
by the Korea government(MOTIE)( 20214000000480 , De-
velopment of R&D engineers for combined cycle power 
plant technologies) and the National Research Foundation of 
Korea (NRF) grant funded by the Korea government (MSIT) 
(No. NRF-2019R1A5A8083201). 
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metal shape in gas tungsten arc welding process* 
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Classification of Crystal Structures by Computer 
Vision* 1, 1; 1Changwon National University 
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Effects of operating conditions, various properties 
of gas diffusion layer, and shape of endplate on the 
open-cathode proton exchange membrane fuel cell 
performance* 1, 1, 1 1 

1; 1Seoul National University  
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Solid-state hydrogen storage system technology 

* Moon-Sun Chung1; 1Korea Institute of Energy Research 

In order to improve the adsorption/desorption performance 
of the hydrogen storage material in the hydrogen storage 
system, it is advantageous to use a hydrogen storage material 
having high thermal conductivity. NaAlH4 (SAH) is one 
type of promising hydrogen storage material and is used in 
powder or compressed pellet form. To increase the volumet-
ric storage density of hydrogen storage systems, hydrogen 
storage materials are used in the form of compressed pellets 
with high effective density. The change in enthalpy of SAH 
due to hydrogen adsorption/desorption is about 40 kJ/H2 
mole. Therefore, hydrogen storage materials must be rapidly 
heated and cooled to desorb and adsorb hydrogen within a 
short period of time. In this case, it is very advantageous to 
use a strengthening agent like ENG for improving the effec-
tive thermal conductivity in order to increase the effective 
thermal conductivity of the hydrogen storage material. In 
addition, the volume of material pellets tends to change dur-
ing hydrogen desorption and adsorption, and this should be 
reflected in the design. To this end, a cylindrical material 
capable of measuring the volume change during hydrogen 
desorption and adsorption was manufactured and hydrogen 
desorption and adsorption experiments were performed. 
Through this, the interior of the hydrogen storage tank was 
designed in consideration of the volume expansion of the 
material. Consequently, this presentation would like to in-
troduce a hydrogen storage system developed, including a 
heat exchanger for SAH material. 
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Numerical investigation on the effect of N2 dilution 
on the NOx emission in ammonia combustion* 
Sayed Mehrdad Bathaei 1, M. Parsa Ghofrani Maab 1, Javad 
Abolfazli Esfahani2, Kyung Chun Kim1; 1 Pusan National 
Univ., Busan, Republic of Korea 2 Ferdowsi Univ. of Mash-



 

had, Mashhad, Iran 

Global warming has become a worldwide concern, and con-
sequently, it has become an attractive research topic. Ze-
ro-emission energy sources can be a promising solution to 
this issue. Ammonia, as a carbon-free fuel, has been intro-
duced and blended with other conventional fuels. However, 
NOx emission is considered a drawback of combustion sys-
tems fueled by ammonia. In this study, the combustion char-
acteristics of ammonia are investigated from the emission 
viewpoint. The counterflow configuration has been used to 
study the diffusion flame of ammonia. The fuel stream is 
diluted by nitrogen to make the heat release rate and temper-
ature uniform. The oxidizer temperature is raised to sustain 
the flame. It was observed that an increase in the dilution 
could significantly enhance the NO emission by affecting the 
oxidation distribution.  

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by the Korean 
government (MSIT) (No. 2021R1A2C2012469). 

 

Improving sealing effectiveness through modifica-
tions of gas turbine rim seal geometry* 1, 

1, 2, 1; 1Yonsei University, 
2Aerospace Technology Research Institute 3rd Directorate, 
Agency for Defense Development 

In gas turbines, rim seals are used to reduce the ingestion of 
mainstream gas into turbine disk cavities since the ingestion 
can cause disastrous consequences. Therefore, many studies 
have been conducted to reduce the ingress flow, and it was 
found that the ingestion is greatly influenced by the shape 
change of the rim seal. In this study, the novel rim seal called 
Castellated seal is designed to prevent stator seal at outer 
wheel-space from thermal damage by stagnant hot gas inges-
tion due to the counter-rotating vortex by increasing the ef-
fect of egress flow. In addition, by applying a curve on the 
seal, EI(Externally Ingress) can be attenuated within a spe-
cific range of the seal location because the pressure distribu-
tion on the wheel-space can be controlled by selecting an 
appropriate seal location. Good performances were shown 
from -0.75 degrees to +1.5 degrees in the circumferential 
direction from the vane trailing edge, and careful case studies 
are required due to the fact that the cooling performance 
changes rapidly at each boundary location. 

*      
. 
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Improved thickened flame model for strained hy-
drogen/air premixed flames* 1, 1; 
1KAIST 
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[1] A numerical method for 

two dimensional unsteady reacting flows Symposium 
(international) on combustion. 1977. Elsevier 

[2] J.-P. Legier, T. Poinsot and D. Veynante, Dynamically 
thickened flame LES model for premixed and non-premixed 
turbulent combustion, Proceedings of the summer program 
2000, 2000, Citeseer. 

 

Numerical simulations of non-premixed and partial 
premixed combustions on penta-coaxial ports of 
VOC burner Cao Quang Hat1, Sang-Wook Lee1; 
1University of Ulsan 

In a combustion chamber for oxidation of carbon monoxide 

emission, the penta-coaxial ports device was used to improve 
mixed process between fuel and oxidizer. In this study, 
Reynold averaged Navier-Stokes equations with ed-
dy-dissipation model (EDM) were solved to simulate the 
reaction flow of VOC burner using Fluent 2019R2. A 
mesh-wire in the penta-coaxial ports was modelled by porous 
media. We computed mass fraction of gases of O2, CO2 and 
CO, temperature and velocity distribution in a combustion 
chamber to estimate completeion of combustion. In addition, 
we investigated the required mass flowrate of O2 with 
various mass flowrate of CO for complete combustion. With 
similar amount of fuel, the length of non-premixed flame 
was higher than premixed flame. In non-premixed 
combustion, the mass flowrate of CO to achieve the 
complete combustion is 155 kg/hour. Results showed that the 
efficiency of combustion depended on mass flowrate of O2 
and that premixed combustion was higher performance than 
non-premixed combustion. 

 

UCAV  Edge      IR 
* 1, 1, 1, 2, 1; 

1Gyeongsang National University, 2Agency for Defense De-
velopment 
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Development of real-fluid based three-feed stream 
flamelet model in OpenFOAM for sCO2 oxy-fuel 
combustion Danh Nam Nguyen1, 1, 1; 
1  

Supercritical direct-fired CO2 (sCO2) cycle has been devel-
oped over the past several years as an innovative affordable 
power generation technology that enables the world to meet 
its climate target without paying more for electricity, while 
promising higher efficiency with a smaller build. However it 
is still challenging and complicated to design the cycle com-
ponents due to its extremely high operating pressure and 
injection of high dilution level of CO2 into the combustor 



 

approximately at 1000 K. To simulate the combustion pro-
cess of the cycle under these conditions, a combustion model 
that can evaluate real fluid properties and deal with a 
three-feed system. In fact, any real-fluid based three-feed 
stream steady laminar flamelet models (3sRSLFM) are not 
yet available in OpenFOAM, a widely-used open-source 
computational fluid dynamics (CFD) tool. In this study we 
present a newly-developed platform including 3sRSLFM in 
OpenFOAM-6 for sCO2 oxy-fuel combustion simulations. 
This new framework is developed based on real-fluid ther-
mophysical library [1] and the flamelet model of a previous 
study by Muller et al. [2]. Then it is validated against ex-
perimental data and previous studies. There is a good agree-
ment between the present study and the benchmark data, 
which confirms that the new platform is accurate enough to 
investigate sCO2 combustion. Several RANS simulations of 
a coaxial simplified sCO2 gas turbine combustor based on a 
configuration proposed by Banuti et al. [3] are performed at 
200 atm with different levels of CO2 dilution in a 
two-dimensional axisymmetric computational domain. The 
results confirm that the newly-developed platform can cap-
ture reasonably well the characteristics of turbulent flames 
under Allam-Fetvedt power cycle conditions. It also shows 
that the flame temperature of sCO2 combustion can be effec-
tively controlled by CO2 dilution stream injected into the 
combustor. 

[1] D.N. Nguyen, K.S. Jung, J.W. Shim, and C.S. Yoo, 
Comput. Phys. Commun. Vol. 273, pp.108264, 2022. 

[2] H. Muller, F. Ferraro, M. Pfitzner, 8th Int. OpenFOAM 
Workshop, 2013. 

[3] D.T. Banuti, L. Shunn, S. Bose, D. Kim, 6th Int. Symp. 
Sup. CO2 Power Cycles, 2018. 

 

Micro-scale steady-state numerical investigation of 
premixed combustion of ammonia/hydrogen/air 
mixture* GOLNAZ ZARABIAN GHAEINI1, M. PARSA 
GHOFRANI MAAB1, JAVAD ABOLFAZLI ESFAHANI2, 
KYUNG CHUN KIM1, *; 1School of Mechanical Engineer-
ing, Pusan National University, Busan, 46241, Republic of 
Korea, 2 Mechanical Engineering Department, Ferdowsi 
University of Mashhad, Mashhad, Iran 

 

The existence of premixed ammonia/hydrogen/air steady 
flame have been numerically investigated in a micro-scale 
combustor. The impact of inlet flow velocity and hydrogen 
mole fraction of the fuel on the combustion characteristics 
are discussed. It has been found that when the inlet velocity 
is too low compared to the flame speed or too high relative to 
the heating condition, either the steady flame cannot sustain 
itself or the auto ignition does not take place. The effect of 
these different parameters are reported as a map to show the 
region in which steady flame exists. It has been also ob-

served that the flame location changes, going further into the 
channel toward the downstream by increasing inlet flow 
velocity or decreasing hydrogen mole fraction. In term of 
emission, NO emission increases by decreasing the hydrogen 
mole fraction of the fuel as a results of the combustion of 
ammonia.  

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by Korean 
government (MSIT) (No. 2021R1A2C2012469). 

 

:  1 

6  23   10:25 – 11:55 

6   

: ( ) 
 

Drag reduction by a flexible hairy coating Qian Mao1, 
Hyung Jin Sung1; 1Department of Mechanical Engineering, 
KAIST, 291 Daehak-ro, Yuseong-gu, Daejeon 34141, Korea 

The hydrodynamic mechanism of drag reduction by a flexi-
ble hairy coating was explored using the penalty immersed 
boundary method. A flexible hairy coating is constituted by 
multiple flexible filaments. A simulation of a cylinder with-
out a hairy coating at a Reynolds number of 100 was also 
performed for comparison. The results of the simulations 
show good agreement with the experimental data by Niu & 
Hu (2011), where maximum drag reduction by 22% was 
attained at a particular length, bending rigidity, coating den-
sity, and coating angle of the hairy coating. The hydrody-
namic mechanism of drag reduction was characterized in 
terms of the wake pattern, shape deformation, and kinetic 
energy of the hairy coating. The effect of nonuniform bend-
ing rigidity of the hairy coating on drag reduction was ex-
plored. A stable streamline shape of the hairy coating was 
found to delay the vortex formation and stabilize the recircu-
lation zone, resulting in decreased form drag. Active flapping 
of the hairy coating with enhanced vortex shedding is ad-
verse to drag reduction. A hairy coating with a stiff base and 
flexible trailing edge is beneficial to maintaining a stable 
shape. 

 

Deformation and drag characteristics of a translat-
ing elastic structure with uni-directional side flaps 

1, 1, 1; 1  

Motivated from the feather-like arm structure of crinoids, the 
three-dimensional deformation and induced drag on the elas-
tic structure under translational motion is investigated. The 
elastic structure consists of a center rod and multiple side 
flaps, in which the side flaps are connected to the center rod 
via elastic sheets that act as hinges, enabling the side flaps to 
fold only in one direction. Using a high speed camera, the 



 

deformed profile of the structure is captured, which is then 
processed to obtain quantitative data on the deflection of the 
elastic structure. Furthermore, a force transducer is used to 
measure the force induced on the structure causing the de-
formation. Through analytical modeling, the deformation of 
the elastic structure could be well predicted, showing close 
match with the experimental results. Thus, through experi-
mental and analytical approaches, reconfiguration of the 
elastic structure is characterized, successful in presenting the 
intimate relations of various parameters involved in the de-
formation of the structure. 

 

Slip study on CO2  laser patterned polymer micro-
structures to reduce surface drag.* DIVA PRADHAN1, 

1; 1Sungkyunkwan University 

To reduce the energy loss due to surface drag, researchers 
have taken keen interest in surface of lotus leaf. Lotus leaf 
has low surface energy wax combined with micro-nano 
structures that help reduce drag by reducing contact area. 
Reduced area reduces energy dissipation allowing fluid to 
flow over surfaces with reduced shear. These structures have 
been studied a lot over past few years however their fabrica-
tion techniques involve multiple steps and face scalability 
issues when it comes to scaling. Hence, we suggest a differ-
ent fabrication method using CO2 laser cutter system to 
tackle those two issues on hand. Fabrication using laser sys-
tems isn’t new however most studies have focused on much 
expensive and resources consuming excimer laser systems. 
We use CO2 laser cutter for our study and create structures 
over the surface of polymers. CO2 laser cutters work by 
melting and evaporating material with its beam (IR wave-
length) and the material-beam interaction causes resultant 
topologies to be different. In this study we make multiple 
different samples with different substrate and gas fractions 
and measure the slip length and observe drag reduction ef-
fect. 

* This research was supported by Basic Science Research 
Program through the National Research Foundation of Ko-
rea(NRF) funded by the Ministry of Educa-
tion(NRF2021R1A6A1A03039696) , Basic Science Re-
search Program through the National Research Foundation of 
Korea (NRF) grant funded by the Ministry of Science, ICT & 
Future Planning (NRF2020R1A2C3010568) and the Korea 
Environment Industry & Technology Institute (KEITI) 
through its Ecological Imitation-based Environmental Pollu-
tion Management Technology Development Project, and 
funded by the Korea Ministry of Environment (MOE) 
(2019002790003) 

 

Contact dynamics of a fluttering flag under gravity 
effect 1, 1, 2, 1; 
1 , 2  

Thin structures with elasticity found in nature, such as flags 
and leaves, are under the influence of gravity in the process 
of interacting with uniform flow. In addition, a situation in 
which an elastic sheet collides with another rigid body may 
occur in the course of motion. In this study, the stability and 
post-critical behaviors of a flag, which interacts with uniform 
flow under gravity and is in contact with a nearby rigid wall, 
are experimentally investigated to elucidate the effects of 
gravity and contact on flutter dynamics and find design prin-
ciples for the application to triboelectric energy harvesting. 
By varying the free-stream velocity and the distance between 
the clamped leading edge of the flag and the rigid wall, dif-
ferent modes are classified into static, flutter, partial contact, 
and full-contact. In terms of instability and contact process of 
the flag, the distance between the clamped leading edge of 
the flag and the rigid wall is a critical parameter. Therefore, 
we introduce a new dimensionless velocity considering this 
parameter and confirm that the transition of the mode is de-
termined by this new dimensionless velocity. The new di-
mensionless velocity also characterizes the dynamic behav-
iors such as the normalized amplitude and Strouhal number 
of the flag. 

 

Vibration analysis during the collapse of the Taco-
ma Narrows Bridge using fluid-structure interac-
tion* 1, 1, 2, 1; 1Seoul 
National University, 2Korea Institute of Science and Tech-
nology Information (KISTI) 

The collapse of the Tacoma Narrows Bridge is revisited us-
ing direct numerical simulation and fluid-structure interac-
tion to study its vibration mechanism. According to the rec-
orded data (Ammann et al. 1941), the bridge first underwent 
a vertical vibration with a relatively high frequency and short 
wavelength, until the appearance of the torsional vibration 
with a lower frequency and longer wavelength. We relate 
these vibrations to two separate interesting phenomena in 
fluid-structure interaction, one being the frequency lock-in of 
the structure and vortex-shedding, and the other the aeroelas-
tic flutter. The former and latter are related to the vertical 
vibration of the bridge and its succeeding violent torsional 
vibration, respectively. The simulation covers the whole 
process of the collapse: starting from static state, the bridge 
enters the early vertical vibration under interaction with the 
fluid, and finally reaches the large torsional vibration just 
before its failure. A nonlinear model for suspension bridges 
(Arioli & Gazzola, 2017) is employed for the structure mo-
tion, and real-scale parameters of the bridge are applied such 
that the resulting vibration frequencies and wavelengths 
match those observed from the actual incident. Meanwhile, a 
discrete-forcing immersed-boundary method with Cartesian 
grids (Kim et al. 2001) is used for the fluid flow. A lower 
Reynolds number (Re = 104) is employed instead of the 
actual one (Re = 3×106) to avoid enormous computational 
costs, although a total of 13.4 billion grid points are required 
to resolve the fluid motion. The motions of the fluid and 



 

structure are coupled using a weak-coupling method with 
predictors (Kim et al. 2018). A thorough analysis on the dy-
namics of both the flow and structure is given to investigate 
the vibrations on the bridge before the collapse. 

* This research was supported by the Korea Institute of Sci-
ence and Technology Information (P20015), the National 
Supercomputing Center with supercomputing resources in-
cluding technical support (KSC-2020-CHA-0005), and the 
National Research Foundation through the Ministry of Sci-
ence and ICT (2022R1A2B5B02001586). 

 

Effect of the flexible splitter with an oscillation on 
the circular cylinder* 1, 1, 1; 
1Seoul National University of Science and Technology 
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Suppression of vortex-induced vibration of a box 
girder using the active leading-edge suction and 
trailing-edge jet through a slit* Guan-Bin Chen1,2, 

Kyung Chun Kim1, Wen-Li Chen2; 1Pusan National Univer-
sity, 2Harbin Institute of Technology 

An active suction-jet flow control method was employed to 
suppress vortex-induced vibrations (VIVs) of a single-box 
girder based on a wind tunnel test. The flow structure around 
a fixed model was measured by time-resolved particle image 
velocimetry (PIV), and the stability of the flow field was 
evaluated in the controlled and uncontrolled cases according 
to the solution of the Orr–Sommerfeld equation. The PIV 
results show that the maximum value and distribution region 
of the turbulence kinetic energy were alleviated. The linear 
stability analysis indicates that the unsteady flow of the con-
trolled cases was pushed downstream. The vibration re-
sponse and flow structures of vertical and torsional vor-
tex-induced vibrations (V- and T-VIVs) were then investi-
gated. The results show that the amplitudes of V-VIVs and 
T-VIVs were greatly suppressed by the active suction-jet slit, 
and the momentum coefficient at 0.0301 had the 
most-effective control.  

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (No. 2020R1A5A8018822) 

 

FSI Performance Analysis of a Centrifugal       
Compressor  Impeller with Back Side Cavity Manu 
Prabha Anand1, Abhilash Suryan2, Heuy Dong Kim3; 
1FMTRC, Daejoo machinery Co. Ltd, Republic of Korea, 
2Department of Mechanical Engineering, College of Engi-
neering Trivandrum, India, 3Department of Mechanical En-
gineering, Andong National University, Republic of Korea 
The present study focuses on the aerodynamic performance 
and structural analyses of a centrifugal compressor impeller 
with a backside cavity. In general, the compressor impeller 
has been designed with the flow rate, pressure ratio and the 
type of working gas given as the basic specifications. In re-
cent, the impeller of industrial compressors is being operated 
at a higher revolution to provide the higher-pressure ratio and 
higher flow rate. Thus, the impeller is in more severe opera-
tion conditions to withstand higher axial thrust, moment of 
inertia and more aerodynamic resistance, etc. Impeller back-
side cavity (IBC) can be one of the technologies to effec-
tively cope up with such situations. However, at present, 
almost all of the compressor impellers are being designed 
without considering the IBC. In the current study, Flu-
id-Structure Interaction (FSI) analysis has been carried out to 
investigate aerodynamic and structural performances of the 
impeller with IBC in terms of isentropic efficiency, pressure 
ratio, axial thrust force, power consumption of leakage flow 
rate, etc. The present FSI analysis successfully predicted the 
aerodynamic characteristics as well as the maximum allowa-
ble stresses and deformation of impeller. 
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Burst-and-coast swimming of two self-propelled 
flexible fins in a side-by-side configuration* 

1, 1, 1; 1Ulsan National Institute of 
Science and Technology 

Inspired by the burst-and-coast (or intermittent) locomotion 
of fish school, numerical simulations are performed with two 
self-propelled flexible fins in a side-by-side configuration 
with anti-phase oscillation. For an intermittent swimming 
gait, one type of the half-tail-beating mode (HT mode) and 
two types of multiple-tail-beating modes coasting at the 
smallest (MTS mode) and largest (MTL mode) lateral gap 
distances are applied. Similar to the continuous-tail-beating 
mode (CT mode), equilibrium lateral gap distances between 
two side-by-side fins with HT and MTL modes exist, where-
as two fins with MTS mode do not maintain an equilibrium 

state in the lateral direction. Although the cycle-averaged 
lateral force acting on two fins with the CT and MTL modes 
is mostly determined by an outward deflected jet and en-
hanced positive pressure between two fins, an outward lat-
eral flow acceleration induced by unbalanced flapping kine-
matics in the MTL mode also plays an important role to 
achieve a stable state with a lateral gap distance smaller than 
that in the CT mode. When the cruising speed or the cy-
cle-averaged input power is identical in a stable state, the 
cost of transport (COT) for two fins with MTL mode de-
creases compared to that in the CT mode. The higher 
schooling performance in the MTL mode than that in the CT 
mode is attributed to thrust enhancement due to not only a 
benefit from the intermittent swimming gait but also to an 
enhanced schooling benefit with a small equilibrium lateral 
gap distance at the same cycle-averaged input power. 

*   2019    
 (NRF-2017R1A5A1015311, 
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Pressurized viscous flow in multi-branched chan-



 

nels Sohyun Jung1, Tae Jeong Kim1, Ho-Young Kim1; 
1Seoul National University 

Distribution or partitioning of a large fluid stream into multi-
ple smaller streams is a process deeply involved in a variety 
of applications, such as fuel cells, plate heat exchangers, and 
irrigation1. Recently, fabrication methods of complex 3D 
structures2 and programmable microfluidic devices3 have 
emerged. These methods can guide the fluid flow in a main 
channel to programmed branch channels among multiple 
branch channels. For the successful design of the liquid par-
titioning system for these purposes, the fundamental under-
standing of how pressurized fluids select routes in mul-
ti-branched channels is strongly called for. However, prior 
studies focus only on the flow rates in the main channel and 
branch channels without addressing the flow paths4. Here, 
we have visualized pattern of pressurized flow in mul-
ti-branched channels and drawn the regime map to predict 
whether the flow branches as a function of the channel di-
mension and applied pressures. Then, we theoretically ex-
plain the regime boundary and investigate the dynamics of 
flow in each regime. Our study would help select the optimal 
pressure and branching channel size for successful partition-
ing of the fluid flow. 
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A Numerical Analysis of 100 kW Vertical Multi-
stage Centrifugal Pump by Using an Open Source 
CFD Code* 1, 1, 1, 2, 

3; 1Korea Electronics Technology Institute, 2Dooch 
Co., LTD., 3NEXTfoam 
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An investigation of concentration ratios effective-
ness on turbulent swirling flow structures in a lean 
partially gas turbine combustor model. * Mohamed Y. 
Hashim1, Jonggeun Bae1, Jeekeun Lee1       
1Jeonbuk National University 

In this present study, various contraction ratios (CR) are ap-
plied to a gas turbine combustor model outlet experimentally 
and numerically. The experimental study is performed at air 
– air phase with mass flow rate of 11.9 g/s, Reynolds number 
of 42,000 and swirl number of 0.66. The numerical work is 
done by Large Eddy Simulation (LES) technique to operate 
the combustor model as a real combustor with an equiva-
lence ratio 0.3. The results show that, the CR has a good im-
pact on the turbulent swirling flow characteristics. For in-
stance, the mean flow analysis is considered identical for all 
CR cases with some small vortices are appeared in the outlet 
of the combustor model this, in turn, leads to enhancing the 
homogeneity of the mean axial flow at the outlet. As a result, 
the pressure gradients would decline to favorable levels. 
After that, the position of backward stagnation point be-
comes a stable after CR = 60% with any change in it direction. 
This remarkable result promotes the stability for central to-
roidal recirculation zone (CTRZ) in particular at high swirl 
numbers. Furthermore, increasing the CR suppress some 
turbulent properties such as RMS of the pressure, Reynolds 



 

shear stress and finally the influence of PVC is damped. 
Finally, we can consider the CR as a suppressing tool for 
most gas turbine designers.  

* This research was supported by the Korea Electric Power 
Corporation (KEPCO) through Korea Electrical Engineering 
and Science Research Institute (Grant No. R18XA06-45) 

 

Deep reinforcement learning-based position opti-
mization model for intermediate discharge valves in 
a scroll compressor 1, 1; 
1  

Changing suction and discharge pressure of a scroll com-
pressor is required to operate heating and cooling cycles as 
seasonal climate changes. Over-pressurization of a scroll 
compressor caused by a low suction-discharge pressure ratio 
induces work loss and structural damage to the scroll. The 
over-pressurization can be prevented by discharging com-
pressed refrigerant throughout intermediate discharge valves 
(IDVs) before the refrigerant reaches the discharge port. 
However, optimal positioning of IDVs for appropriate com-
pression without geometric overlap requires time-consuming 
work due to the non-linearity of the design objective. This 
research aims to optimize the positions of the IDVs with 
deep reinforcement learning (DRL) to minimize compression 
work for a given scroll design, the number of the free IDVs, 
and the suction-discharge pressure ratio. As an environment 
of DRL, analytical pressure simulation for the scroll com-
pressor is established based on the energy balance equations 
with open control volume. A proximal policy optimization 
(PPO) agent is trained to minimize the summation of the 
compression work for various operating conditions with 
weight factors. The reward function is designed to consider 
the geometric overlap using a penalty value. The optimal 
position of IDVs with the pressure along orbiting angle and 
the reward evolution of the training is presented as an opti-
mization result. The optimization method suggested in this 
research reduces the time cost for the automatic design pro-
cess of the scroll and IDV. 

 

Experimental and numerical investigation of flow 
non-uniformity within an electrostatic precipitator 
(ESP)* 1, 1, 1, 1, 1, 

1, 1; 1Department of Mechanical Engineering, 
Seoul National University 
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* This work was supported by Korea Western Power CO., 
Ltd. (No. 2020-OPER-0 and 2021-consignment-05). Addi-
tionally, this work was supported by the Institute of Ad-
vanced Machines and Design, and the Institute of Engineer-
ing Research at Seoul National Universi-
ty  

Indoor particulate matter removal using algi-
nate-based hydrogel-coated wires* 1, 

1; 1Pohang University of Science and Technology 
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Bamboo-based solar steam generator for desalina-
tion of seawater and wastewater YOUNGHOON SUH1, 

T. Arunkumar2, SANGJOON LEE1; 1Pohang University of 
Science and Technology (POSTECH), 2Elsevier Scientific 
Managing Editor for Energy Journal 

A lack of freshwater is one of the global issues for human 
society. As 97.5 % of water on the Earth is seawater, desali-
nation of seawater can be a solution to the water shortage 
problem. Even though reverse osmosis has been a global 
standard of seawater desalination, it requires a huge amount 
of energy. Since most of the regions suffering from water 
shortage are poor, desalination with less energy consumption 
is essentially required. In this study, carbonized bamboo is 
utilized as an eco-friendly solar absorber. The proposed 
bamboo-based solar absorber can not only yield a large 
amount of water but also effectively purify seawater and 
wastewater. The yield of purified water is measured indi-
rectly using a solar simulator. Purified water is obtained 
through an evaporation process by a solar distiller. Seawater 
and three kinds of wastewater (alkali wastewater, rhodamine 
B wastewater, water of POSTECH pond) were tested. To 
check the quality of water, pH, chemical oxygen demand 
(COD), concentrations of sodium ion (Na+), potassium ion 
(K+), calcium ion (Ca2+), magnesium ion (Mg2+) were exam-
ined. The test results show that water quality is greatly im-
proved after solar desalination process using the carbonized 
natural bamboo. The proposed technique might pave the road 
to get freshwater from seawater and wastewater in eco-friend 
and economic manner. 

 

Flow Path Optimal design Improving Efficacy of 
Airpurifier 1, 1; 1Inha University 
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Experimental and Numerical Investigation of the 
Flow in a Selective Catalytic Reduction (SCR) Sys-
tem of a 500MW Coal-fired Boiler* 1, 

1, 1, 1, 1, 1  
1Department of Mechanical Engineering, Seoul National 
University 
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* This work was supported by Korea Western Power CO., 
Ltd. (No. 2020-OPER-0 and 2021-consignment-05). Addi-
tionally, this work was supported by the Institute of Ad-
vanced Machines and Design, and the Institute of Engineer-
ing Research at Seoul National University. 



 

 

Multi-objective Optimization of a Centrifugal 
Pump Volute in Hot Water System* ThaiSon Thai1, 
Minsub Han1; 1Incheon National University 

This work presents a multi-objective optimization and design 
of a centrifugal pump volute under multiple operating condi-
tions in a hot water circulation system. The goal is to mini-
mize the energy consumption of the pump to meet the Ener-
gy Efficiency Index (EEI) requirement. The pump was pow-
ered by a brushless direct current (BLDC) motor that al-
lowed various speed operation. A numerical model was built 
to investigate the flow inside the pump’s casing and the re-
sults were validated with experimental data. To reduce the 
number of design variables, a two-stage design was proposed 
including the concept design and experimental design using 
the Latin hypercube sampling (LHS) approach. Two com-
bined functions of efficiencies and heads at four standard 
working conditions were selected as the objective functions. 
Response surface methodology (RSM) was adopted to con-
struct the surrogate models. Using the genetic algorithm 
(GA), a multi-objective optimization solution was obtained 
in a form of Pareto front with 18 candidate points. An opti-
mum candidate was selected from the Pareto front and vali-
dated using a high-fidelity model to verify the result. The 
new optimal design shows a notable instabilities reduction in 
the side-wall flow region and significant improvement in the 
objective functions. 

Keywords: Centrifugal pump, Muti-objective optimization, 
BLDC motor, Genetic algorithm, Pareto front, EEI. 

 

A Numerical Investigation of Various Impeller 
Shapes for Improving Centrifugal Pump Perfor-
mances* 1, 2, *; 1Sogang Univer-
sity 

A Centrifugal pump is a radial flow machine responsible for 
fluid transportation via impeller rotation. It has been widely 
popularized in both industrial and residential sectors due to 
its simple operational characteristics as well as for its high 
head generating nature. Increasing the performance of such a 
pump decreases the consumed power during fluid transporta-
tion, resulting in the reduction of operating costs and an in-
crease in total output. Various geometric parameters such as 
volute cross-sectional area and impeller inlet and exit angle, 
have been evaluated in previous research using computation-
al fluid dynamics. In this study, a new geometric parameter, 
impeller lean angle, is defined and its effects on pump per-
formance are examined in the range of volumetric flow rate 
of 0-80 CMH. The case studies were performed using the 
k-w SST model under steady-state conditions until conver-
gence was reached. The results showed that as the lean angle 
was increased towards the pressure side of the impeller, the 
pump performance curve flattened. At the outer ends of the 

curve, 20 and 80 CMH, pump efficiency increased, while at 
the inner points, 40 and 60 CMH, the pump efficiency de-
creased. Additionally, as the lean angle was increased further 
the pump performance curve translated downwards indicat-
ing a negative overall impact on the pump performance. An 
optimal point, in which the trade-off between inner and outer 
ends of flow rate may vary depending on the impeller model. 
When the lean angle was increased towards the suction side 
of the impeller similar results were obtained; however, the 
degree to which the pump efficiency increased was greater. It 
is expected that by changing the impeller lean angle, the 
pump performance can be improved at a specific volumetric 
flow rate.  
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  OWC     
    1, 2, 2, 

3, 3, 3; 1Research Institute of Marine 
Systems Engineering, Seoul National University, 
2Department of Naval Architecture and Ocean Engineering, 
Seoul University, 3Marine Renewable Energy Research Di-
vision, Korea Research Institute of Ships and Ocean Engi-
neering 
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Numerical study on estimation of mooring force 
acting on a ship to design auto mooring system Se-
bum Oh1, Yan Kaicheng1, Jungkeun Oh1, Dae-Won Seo1; 
1Department of Naval Architecture and Ocean Engineering, 
Kunsan National University 



 

Research on the development of autonomous ships and smart 
automatic port system has been conducted recently. One of 
the main equipment of the smart port system is an automatic 
mooring system that can safely moor a ship in a port. This 
study estimated the maximum mooring capacity of the train-
ingship HABADA that assumed moored in Busan New Port 
through empirical formulas and numerical calculation. It was 
found that the result of empirical formula was estimated 
relatively more conservatively than the result of numerical 
calculation. 

 

Deep learning-based underwater object detection 
model inspired by the lateral-line system 1, 

1, 1; 1  

In this study, we developed a deep learning-based object 
identification model that can identify objects through meas-
ured flow information using a moving sensor array inspired 
by the lateral line system of various aquatic organisms. A 
hydrofoil navigates around four stationary cylinders in uni-
form flow, obtaining two types of sensory data (flow velocity, 
pressure) from an array of sensors located on the surface of 
the hydrofoil. Sensory data based on flow velocity and pres-
sure is used to build several neural network models for the 
hydrofoil to identify the location of surrounding objects. An 
LSTM-based model, a type of recurrent neural network that 
can learn order dependence in sequence prediction problems, 
outperforms other network models in object detection. For 
optimizing the number of sensors, LASSO and Elastic Net, 
which are feature selection techniques, are used, and through 
this, it has high accuracy in predicting the positions of ob-
jects despite using only 40% of the sensors used in the exist-
ing model.  

 

Experiment study of motion characteristics ac-
cording to wave by the size of a fishing vessel* 

1, 1, 1; 1Research Institute of Me-
dium & small Shipbuilding 
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A WENO-based high order simulation of incom-
pressible flow over a square cylinder* Seokpyo Yoon1, 
NGUYEN THI QUYNH1, Hyung Take Ahn1; 1University of 
Ulsan 

An efficient and accurate method for an incompressible flow 
simulation over a square cylinder is introduced. To solve the 
pressure-velocity coupling, the current algorithm for incom-
pressible Navier-Stokes equations is based on the projection 
method. A time discretization schemes are used, the convec-
tive term is treated with Adams-Bashforth(AB) and the dif-
fusive term is treated with Crank-Nicolson(CN). The spatial 
discretization of the nonlinear convective term is the WENO 
scheme. By using high-order WENO scheme, we can 
achieve high-order spatial accuracy. By using this algorithm, 
an in-house WENO-based incompressible flow solver is 
developed. 

*   2022  ( )  
     

(P0001968, 2022  ) 

 

A WENO-Based High Order Simulation of Break-
ing Wave* 1, 2; 1   

  , 2   
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*   2022  ( )  
     

(P0001968, 2022  ) 

 

Near-trapped mode of free-surface wave by the in-
teractions of multiple vertical cylinders 1, 2, 

1, 1; 1 , 2  

In the ocean, the interaction of waves due to fixed or floating 
structures has been widely applied. Many researchers are 
studying the Run-up phenomenon in a single vertical circular 
cylinder. Near trapped mode phenomena in multiple vertical 
circular cylinders used mathematical models, numerical 
analysis, and predictions through experiments. This study 
performs the near-trapped mode phenomenon by scattering 
parameters(kR) and wave steep-ness(kA) for four vertical 
circular cylinders. The overlapping phenomenon occurs as 
the wave scattering parameter decreases between the vertical 
circular cylinders in the first row. Due to the overlapping 
phenomenon, the speed of the wave toward the second row 
of vertical circular cylinders is directed toward the first row, 
and a higher wave is formed. Wave flow analysis through 4 
high-speed cameras and wave height measurement through 6 
wave probes are performed. Through this study, the wave 
height at a specific point can be analyzed and used as prima-
ry data for the basic design of offshore structures. 
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Flow visualization of supersonic jet impinges on a 
spherical surface in cryogenic condition* Alireza 
Aslani1, Rajdeep Sardar1, Kyung Chun Kim1 ; 1Pusan Na-
tional University 

The impingement of supersonic flow on a surface began a 
new level of complexity toward inherently complex phe-
nomena of the shockwave interaction. However, this chal-
lenging flow visualization is valuable to study due to its wide 
range of applications in the aerospace industry, for short 
takeoff and landing aircraft and the blade cooling systems of 
the turbine. This phenomenon is also applicable in manufac-
turing to be applied as the cold spray of metal particles coat-
ing on a surface, eliminating the risk of damages caused by 
temperature in sensitive applications. In this investigation, 
the flow structures of the cryogenic supersonic jet at different 
nozzle pressure ratio (NPR) impinges on the spherical con-
vex surface is studied. Thus, a converging-diverging nozzle 
with a throat diameter of 2.3 mm and the nozzle exit diame-
ter of 2.6 mm is applied at a constant distance between the 
nozzle and jet. Consequently, under expanded and 
over-expanded jet impinges of the convex geometry have 
been visualized using the Schlieren technique. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (No. 2021R1A2C2012469) 

 

Experimental study on a modified delta wing by 
flow visualization* Amirreza Shahsavari1, Mahdi 
Nili-Ahmadabadi2, Kyung Chun Kim1; 1Pusan National 
University, 2Isfahan University of Technology 

The present study attempts to improve the aerodynamic per-
formance of a slender delta wing. The flow behavior of delta 
wings is different from the conventional winds due to the 
existence of a vortex pair that forms along the leading edge 
of the wing. This vortex pair significantly affects the aero-
dynamic performance and flow over the wing surface. In this 
study, the effect of needle vortex generators on the flow of a 
delta wing with a sweep angle of 65° was studied. The ex-
periments were performed at AOA= 30 and inflow velocity 
of 2.6 m/s with and without needle vortex generators at the 
leading edge and a Reynolds number of Re = 2.6 104. 

Smoke and laser flow visualization was used to understand 
the effect of the vortex generator on the flow over the delta 
wing at six different sections and one wing surface section of 
the delta wing. Vortex breakdown location changes and wake 
area were also examined and compared. The results showed 
that the use of the needle vortex generators along the leading 
edge of the delta wing makes the vortices smaller and closer 
to the wing surface. By moving from the apex of the wing to 
the back of the wing, the vortex becomes larger and moves 
away from the wing surface. The needle vortex generators on 
the leading edge also cause the vortex breakdown to post-
pone. The flow visualization results show that when a vortex 
breakdown occurs, the vortex splits into several smaller vor-
tices in opposite directions. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by the Korean 
government (MSIT) (No. 2020R1A5A8018822). 

En-
hanced lifetime of air plastron in partition-ridged 
superhydrophobic surface under laminar flow* 
WONHEE CHO1, SANG JOON LEE1,*; 1Pohang University 
of Science and Technology (POSTECH) 

As a slippery surface inspired by a lotus leaf, superhydro-
phobic (SHPo) surface has been utilized in various fields 
such as self-cleaning, anti-icing, anti-biofouling and friction-
al drag reduction. However, air plastron of the SHPo surface 
can be easily depleted under external shear flows and/or 
high-pressure conditions, resulting in the degradation of 
slippery properties. Several previous studies have investi-
gated the lifetime of air plastron. However, the experimental 
research on the lifetime of air plastron according to external 
flow is insufficient. A partition-ridged superhydrophobic 
surface was fabricated with polydimethylsiloxane (PDMS). 
For lifetime experiments, the partition-ridged SHPo surface 
was attached on the vertical flat plate installed in the circu-
lating water channel. Lifetime of air plastron in the down-
stream locations was longer than that in the upstream loca-
tion. Lifetime was found to be closely related to the mass 
transport coefficient which is associated with the depletion 
speed in the streamwise direction. In addition, a mul-
ti-layered SHPo surface with air supplying layer was pro-
posed to increase the lifetime of air plastron under laminar 
flow conditions. As a result, proposed multi-layered SHPo 
surface can enhance the lifetime of air plastron, which can 
increase the durability of drag reduction performance. In the 
consideration of energy saving, the energy efficiency can be 
maximized by increasing the air pressure applied to the 
SHPo surface along the streamwise direction.  

* This work was supported by a National Research Founda-
tion of Korea (NRF) grant funded by the Korean Govern-
ment (MSIP) (No. 2019M3C1B7025088). 
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   .  TVC(Tip Vortex Cav-
itation)       

      
 (Cavitation Inception Speed, CIS)   

 . CIS    
ACIS(Acoustic CIS)    
VCIS(Visual CIS)      VCIS  

        
  .  CIS    
       

  .   3  
     
   TVC   .  

  OpenCV    
       

  .  U-net    
      

,      
VCIS   . 

*      
.

 
  2      

* 1, 2; 1Institute for Security Conver-
gence, Korea Advanced Institute of Science and Technology 
(KAIST), 2Department of Mechanical Engineering, Korea 
Advanced Institute of Science and Technology (KAIST) 

       
      . 

      
 ,     

.      
    ,   

   .  
      

  ,    40% 
  . 

*      
 (NRF-2020R1F1A1058357). 

 

: / 2 

6  23   10:25 – 11:55 

7   

: ( ) 
 

Taylor-Couette       
   * 1, 1, 
1; 1   
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Liq-
uid transfer between nonparallel flat surface* 

1, 2,3*, 1,2*; 1School of Mechanical 
Engineering, Sungkyunkwan University, Suwon, 16419, 
Republic of Korea, 2Department of Biophysics, Institute of 
Quantum Biophysics, Sungkyunkwan University, Suwon, 
16419, Republic of Korea, 3Research Engineering Centre for 
R2R Printed Flexible Computer and Department of Intelli-
gent Precision Healthcare Convergence, Sungkyunkwan 
University, Suwon, 16419, Republic of Korea 
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* This research was supported by Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education 
(NRF2021R1A6A1A03039696), the Ministry of Science, 
ICT & Future Planning (NRF2020R1A2C3010568) and the 
Korea government (MIST) (No. 2020R1A5A1019649). 

LDV       
 * 1, 1, 2, 2, 

2; 1Chungnam National University, 2Samsung heavy 
industries 
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Near-wall flow velocity as a function of Reynolds 
number and surface roughness according to the 
Moody Diagram* 1, 2, 1; 
1 , 2 HSCMT 

Multi-path ultrasonic flow meters measure flow rate by inte-
grating flow velocity distributions in a pipe flow, using either 
Gauss quadrature or numerical integration. In case of the 
numerical integration, the definition of near-wall flow veloc-
ity becomes important. Theoretically, the near-wall flow 
velocity should be equal to zero. However, the ultrasound 
sensors have physical dimensions bigger than the boundary 
layer thickness. As a result, the ultrasonic flow meters never 
recognize the zero-flow velocity at the wall. This study sug-
gests that the near-wall flow velocity can be obtained by 
numerical simulation in a channel flow. And the near-wall 
flow velocity can be described by a function of Reynolds 
number and surface roughness according to the Moody dia-
gram. Both k- -
flow velocity distribution in the channel flow. Then, the flow 
velocity near the wall was divided by the maximum flow 
velocity, which consisted of near-wall flow velocity ratio. 
The near-wall flow velocity ratio was at around 0.6, change-
able as the function of the Reynolds number and the surface 
roughness. The near-wall flow velocity ratio was helpful to 
improve the characteristics of the multi-path ultrasonic flow 
meters with measurement accuracy as low as 0.3 %. 

*    
 (  

20014363)    . 

 

Dynamical modelling of foam formation using multi-
resolution model decomposition*, MICHAEL 
CHUKWUEMEKA EKWONU1, KYUNG CHUN KIM1; 
1School of Mechanical Engineering, Pusan National Univer-
sity, Busan 

This research shows how dynamic mode decomposition 
(DMD) may be used with multiresolution analysis to create a 
model decomposition capable of breaking complicated sys-
tems into a hierarchy of multiresolution time-scale compo-
nents. Background (low rank) and foreground (sparse) dy-
namical data are separated on a single level. By recursively 
decomposing the state of the system into low rank terms 
whose temporal coefficients in time are known, the multi-
resolution DMD (mrDMD) is capable of defining nonlinear 
dynamical systems in an equation-free way. The zero-mode 



 

DMD modes are viewed as background (low rank) compo-
nents of the supplied dynamics, while the terms with tem-
poral frequencies constrained away from the origin are their 
sparse equivalents. In an effort to understand the physics of 
the phenomenon of foam formation, results of experimental 
visualization of bubble shadowgraph imaging at different 
impinging velocities of 0.4 – 0.9 m/s and jet lengths of 0.13, 
0.18 and 0.25 m respectively were analyzed using the multi-
resolution dynamic mode decomposition. The mrDMD re-
sults showed an excellent decomposition result with better 
separation of the background and foreground of bubble im-
age shadowgraph, making extraction of foreground possible. 
The results of the extracted foreground could be used to ob-
tain the velocity distribution information of bubble swarms 
generated under the water pool by implementing a phys-
ics-informed machine learning model of the system. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) funded by the Korean government 
(MSIT) No. 2020R1A5A8018822 
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Bio-Inspired VIV Energy Harvesting* Sajjad Hos-
seini1, Aref Afsharfard2, Kyung Chun Kim1; 1Pusan National 
University, 2Ferdowsi University of Mashhad 

In this investigation the changes on the characteristic param-
eters of a bio-inspired Vortex-Induce Vibration based energy 
harvester is studied to harness greater amount of energy from 
a similar ambient condition. To do so, the Computational 
Fluid Dynamic is firstly used to examine the impact of bod-
ies parameters on the exerting fluid dynamic forces of bodies 
for the Reynolds number ranging from 100 to 9000. Moreo-
ver, an analytical derived electromechanical equation of mo-
tion for the VIV-based energy harvester is utilized to exam-
ine the harvested energy from the results of CFD. Finally, 
The FIV experiment is conducted on a sub-sonic wind tunnel 
which showed more than 8.5 times improvement on the in-
duced voltage of proposed cross-sectional geometry of VIV 
based energy harvester. 

* This work was supported by Brain Pool Program through 
the National Research Foundation of Korea (NRF) funded by 
Ministry of Science and ICT 
(NRF-2021H1D3A2A01096259), and this work was also 
supported by the National Research Foundation of Korea 
(NRF) grant, which is funded by the Korean government 
(MSIT) (No. 2021R1A2C2012469). 

 

The paper-based diagnostic device with high sensi-
tivity using polymer pattern* 1, 1, 

2, 2, 1; 1School of Mechanical En-
gineering, Sungkyunkwan University, 2School of Advanced 
Materials Science and Engineering, Sungkyunkwan Univer-
sity 

Typical diagnostic devices include real-time polymerase 
chain reaction (qPCR), enzyme-linked immunosorbent assay 
(ELISA) and so on. These diagnostic devices are capable of 
precise diagnosis, but point-of-care diagnosis and rapid di-
agnosis are difficult. Therefore, there are much research for 
development of paper-based diagnostic devices capable of 
point-of-care diagnosis and rapid diagnosis The paper-based 
diagnostic devices are used in various areas such as diagno-
sis of the disease and testing drugs or toxic chemicals. Most 
paper-based devices are composed of hydrophilic cellulose 
or nitrocellulose membrane and a general example of the 
device is a lateral flow immunoassay (LFIA). Paper-based 
diagnostic devices have a disadvantage in that they have low 
sensitivity. To solve the disadvantage, we designed a new 



 

type of paper-based diagnostic device using a polymer pat-
tern. A very simple method could produce a polymer pattern, 
and by concentrating the detection material in the pattern, the 
paper diagnostic device was able to have high sensitivity. 
The developed paper-based diagnostic device is expected to 
be used in various fields other than livestock and human 
diseases. 

* This work was supported by Korea Institute of Planning 
and Evaluation for Technology in Food, Agriculture, Forestry 
and Fisheries (IPET) through Animal Disease Management 
Technology Development Program, funded by Ministry of 
Agriculture, Food and Rural Affairs (MAFRA) (No. 
118094-03), and by Basic Science Research Program 
through the National Research Foundation of Korea(NRF) 
funded by the Ministry of Educa-
tion(NRF2021R1A6A1A03039696) and the Ministry of 
Science, ICT & Future Planning (NRF2020R1A2C3010568). 

 

Optimizing Electrohydrodynamic (EHD) droplet 
generation for sample deposition on Cryo-Em grid* 
Zahra1, Seongsu Cho1, Kuldeep Baghel1, Jinkee Lee1; 
1Sungkyunkwan University  

Electrohydrodynamic (EHD) droplet generation technique 
was utilized in recent years for cryo-EM sample ladding. 
Small and uniform droplet generation has been challenging 
for bio-samples. We focus on optimizing EHD spray for 
cryo-EM sample deposition. Although the EHD sprays have 
been in use inkjet printing, fuel injections, and atomic spec-
troscopy, it has not been optimized for liquids of high con-
ductivity (~1 S/m) and high surface tension such used as 
buffers in bio samples. We used Phosphate buffered Saline 
(PBS solution as sample closely predict the behavior of bio 
samples in EHD. Using nozzle sizes of 100, 250, and 600μm, 
the regime maps on the basis of flow rate and voltage are 
presented. Different modes of electrospray like dripping, 
microdripping spindle, and multispindle were observed at 
low flow rates. At high flow rates, the cone jet oscillating jet 
mode was observed. The corona discharge was observed at 
high electric fields. Due to the high conductivity and surface 
tension of the liquid, cone jet mode, though formed mono-
disperse uniform droplets, diameter of the jet was found to 
be large. Therefore, this mode was not suitable for cryo-EM 
application. In the microdripping regime uniform monodis-
perse droplets were observed. In spindle and multispindle 
modes droplet size lacks the uniformity. Microdripping mode 
observed at low flow rates, was found to be most suitable for 
sample ladding. 

* This work was support by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) 
grant funded by the Ministry of Science, ICT & Future Plan-
ning (NRF2020R1A2C3010568), Basic Science Research 
Program through the National Research Foundation of Ko-
rea(NRF) funded by the Ministry of Education 
(NRF2021R1A6A1A03039696), and the Bio & Medical 

Technology Development Program of the National Research 
Foundation (NRF)& funded by the Korean government 
(MSIT) (No. NRF-2021M3A9I4021220). 
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*This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(Ministry of Science, ICT, and Future Planning) (No. 
2021R1A2B5B03002103) 
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Establishment of empirical formula for hydrody-
namic coefficients of BB2 submarine based on nu-
merical simulation* Thi Loan Mai1, Hyeon Kyu Yoon2; 
1Department of Smart Environment Energy Engineering , 
Changwon National University, Korea, 2Department of Na-
val Architecture and Marine Engineering, Changwon Na-
tional University, Korea. 
The present study aims to establish the empirical formula for 
hydrodynamic coefficients of BB2 submarine based on nu-
merical simulation. The parameters of the BB2 submarine 
that significantly affect the maneuverability and dynamic 
stability, such as length to diameter ratio, sailplane position, 
and sailplane height, are considered as the variable of each 
coefficient formula. The hydrodynamic captive tests, includ-
ing static drift, static angle of attack, horizontal and vertical 
circular motion are performed to determine the hydrody-
namic coefficients for different parameters using URANS 
equation in the commercial code Fluent. The accuracy of 
simulation method is proved by comparing the hydrodynam-
ic forces and moments of BB2 submarine with those of pub-
lished results. Then, the influence of parameters on hydro-
dynamic coefficients is evaluated by correlation analysis. 
The multiple regression analysis is applied to estimate the 
empirical formulas. The established empirical formulas have 
been confirmed to have high accuracy compared with ex-
perimental data of BB2  
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CFD captive simulation based shallow water depth 
hydrodynamic model development for Joubert BB2 
generic submarine* 1; 1 Pusan National Univer-
sity 
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CFD   ALS EEDI * 1, 
1, 1; 1DSME 

The main purpose of this paper is to identify the reduction of 
propulsion power at EEDI speed by ALS (Air Lubrication 
System) for the preliminary verification of the EEDI for 
173.4K LNGC with ALS. The reduction of propulsion power 
at EEDI speed by ALS was calculated by full scale CFD 
analysis. Prior to the calculation of the reduction of propul-
sion power due to ALS with full scale CFD analysis, the 
applied full scale CFD analysis method was validated with 
the full scale trial results of 173.4K LNGC with ALS in order 
to secure the reliability to predict the reduction rate of pro-
pulsion power due to ALS. In these simulations, RaNS 



 

(Reynolds averaged Navier-Stokes) equation and the conti-
nuity equation are used as the governing equations. The Eu-
lerian Multiphase (EMP) model was used to simulate the 
interface between the liquid and gas phases. 
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Sloshing loads in a rectangular tank according to 
motion characteristics and filling levels* 1,2, 

1, 1, 2; 1 , 2  

The research presents an experimental and numerical inves-
tigation of the flow inside a 2D tank subjected to wave im-
pact motions on its wall. The reliability of the numerical 
scheme was verified through comparison with the results of 
the paper. The Reynolds-averaged Navier-Stokes equations 
(RANSE) are solved using the commercial code 
STARCCM+. Any filling conditions of 10%H to 95%H are 
considered in sloshing model test. 117 sensors are installed 
to observe the sloshing load in a wide region. The impact 
development process and impact characteristics of single 
wave according to each filling level are analyzed. In addition, 
the sloshing loads of 3-DOF(Degree Of Freedom) 5hours 
irregular motion are evaluated. The parameters are wave 
heading, wave height, and wave period. The statistical char-
acteristics of the sloshing load are analyzed through this 
model tests. From this study, the characteristics of the slosh-
ing load for each filling levels and the flow characteristics 
according to the single wave periods could be identified, and 
the statistical characteristics of the sloshing load could be 
considered in case of applying irregular motions. 

A 
Comparative Study on Yaw-checking Ability of Su-
ezmax Tankers from Free-running CFD Analysis* 
Jinhae Kim1, Youngjun You1, Sunkyu Lee1; Hyunseung Lee1, 
Sungwook Lee2; 1Daewoo Shipbuilding and Marine Engi-
neering Co., 2Korea Maritime and Ocean University 

Recently, ship owners require additional class notations, in 
addition to IMO MSC.137(76), which includes critical issues 
related to yaw-checking ability (in line with course-keeping 
ability). Especially, after applying EEDI which includes slow 
steaming of vessels and low engine propulsion power, atten-
tion for maneuverability increased. It was necessary for us to 
evaluate the yaw-checking ability for determining a ship 
design which was able to meet the requested performance in 
the early design stage. In this study, it was aimed that 
free-running CFD analysis of straight maneuver and 10°/10° 
zigzag tests for Suezmax tankers were carried out to confirm 

whether the criteria of yaw-checking ability can be met or 
not. Two designs of the tankers with different bow and stern 
shape were prepared for maximizing the speed performance. 
CFD setup which had been verified for KCS was applied to 
the free-running CFD analysis using STAR-CCM+. The 
CFD analysis was investigated: The hull form with blunter 
bow and V-type stern was advantageous in terms of speed 
performance. However, the other hull with less blunt bow 
and U-type stern was advantageous in terms of yaw-checking 
ability. It was recognized that there is a trade-off relationship 
between yaw-checking ability and speed performance. Since 
both ships could meet the required minimum speed perfor-
mance, yaw-checking ability has a role as a constraint when 
the hull forms were reviewed. 

 

Development of Numerical Calculation Guidelines 
of the Classification Society for verification of Ship 
and Energy Efficiency Technology performance* 

1, 1, 1, 2, 1Korean Register; 
2Kunsan National University 

As considerable interests of GHG emission from the ships 
have been gradually increased as in other industries recently. 
The IMO has approved to use numerical calculations as an 
acceptable way to calculate the reference speed of the target 
ship, which is one of key parameter for calculating 
EEXI/EEDI, in a replaceable way to that of model test and/or 
sea trials through the Resolutions MEPC.333(76) and 
MEPC.334(76). This paper dealt with the numerical method-
ology, numerical modeling, reporting methods, and etc. re-
quired for the third-party verification of the numerical calcu-
lation results on ship and energy efficiency technology for 
deriving the reference speed of the target ship. 
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Flow characteristics of the wandering blade tip 
vortex* 1, 1; 1Seoul National University 

The blade tip vortex exhibits random motion around its mean 
position, and thus several vortex identification methods are 
used to locate the tip vortex center. The averaged flow field 
around the tip vortex is obtained by overlapping instantane-
ous flow fields with the identified vortex center. A large eddy 
simulation of an isolated multirotor propeller at hovering 
condition is performed to obtain the instantaneous flow fields. 
We find that highly unsteady nature of the tip vortex at the 
early wake age and bending waves introduced in the vortex 
can lead to false identification of the vortex center. When 
vortex centers are incorrectly identified, it results in incorrect 
mean vortex parameters and evolutionary characteristics. The 
differences among the methods proposed so far are found to 
be more pronounced in case of the turbulence statistics inside 
the vortex core. Among the methods applied, the -method is 
the most effective and robust way to identify the vortex cen-
ter. 

*   (2022R1A2B5B02001586)  
  (KSC-2022-CRE -0095)  

  . 

 

Delayed Detached-Eddy Simulation of Subsonic 
and Supersonic Axisymmetric Base Flows* 1, 

1, 1, 1; 2, 1Gwangju Institute 
of Science and Technology, 2Inha University 
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* 1, 1, 1, Thi Thanh Giang Le2, 
3, 1, 2 ; 1Department of Mechanical Engi-

neering, Chung-Ang University, 2Department of Intelligent 
Energy and Industry, Chung-Ang University, 3Hyper Tube 
Express (HTX) Research Team, Korea Railroad Research 
Institute 

A pod traveling in a Hyperloop system under near-vacuum 
conditions experiences complex phenomena, including pres-
sure waves, resulting in high aerodynamic drag owing to the 
compressibility of air. In this work, the concept of operating 
a compressor at the front of a pod to reduce drag is investi-
gated here using numerical simulation to study the effect of a 
compressor on pressure waves and drag on the pod given 
variations in pod speed (250–350 m/s) and compressor ca-
pacity (0.4–1.35 kg/s). Furthermore, the behavior of com-
pression waves and pressure drag on the pod were theoreti-
cally predicted using the normal shock theory and converg-
ing-diverging nozzle relations. To perform the numerical 



 

simulation, moving pod simulation applying overset mesh 
method was used. Also, k-  SST turbulence model was 
adopted which is mainly used for a high-speed train simula-
tion. As the compressor capacity increased, the magnitude 
and propagation speed of compression waves decreased by 
13.6% and 7.0%, respectively. When the compressor was 
used, the drag on the pod decreased up to 29.6% and the 
power required to operate the Hyperloop system was reduced 
by 124.5 kW compared to when no compressor was used. 
However, the effects of the compressor on the oblique shock 
wave and expansion wave were insignificant. In theoretical 
prediction, the pressure magnitude, propagation speed of 
compression waves, and pressure drag on the pod showed 
significant agreement with the simulation results: the error 
was within 5.6%, 2.26%, and 6.1%, respectively. The results 
of this study show the effect of applying the compressor on 
the pod and prediction of aerodynamic phenomena in the 
tube according to the compressor capacity. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MEST) [No. 2019R1A2C1087763] by “Core Tech-
nology Development of Subsonic Capsule Train” of the Ko-
rea Railroad Research Institute under Grant PK2201A1, 
Korea. 
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Computational simulation of unsteady ro-
tor-fuselage aerodynamic interaction using coupled 
NVLM-panel methods* Mohammadsadegh Araghiza-
deh1, Rho Shin Myong1,2, Hakjin Lee1,2; 1Gyeongsang Na-
tional University, 2Research Center for Aircraft Core Tech-
nology 

A growing interest in designing a novel and next-generation 
urban air mobility (UAM) has led to significant efforts to 
develop an efficient comprehensive analysis tools. Simulat-
ing the rotor interaction with the other rotorcraft components, 
such as the fuselage, is necessary to predict the rotor’s per-
formance and understand the complicated rotor wake flow. 
In this study, the nonlinear vortex lattice method (NVLM) is 
tightly coupled with source-doublet panel method to simulate 
aerodynamic interaction phenomena between the rotor and 
the fuselage. The vortex particle method (VPM) is also used 
to represent the wake behind the rotor and to model the pe-
riodic collision of the wake on the fuselage. The VPM does 
not necessarily need to maintain connectivity with adjacent 
particles, which makes them suitable for investigating wake 
interaction occurring with rotors or rotor-body configuration. 
The integral solution of the stagnation-enthalpy Poisson 
equation is utilized to calculate the pressure on the fuselage. 
The results show that our coupled method can predict pres-
sure on the fuselage more accurately than using the Bernoulli 
equation, especially when the unsteady load of the blade is 
considerable on the fuselage. Finally, the interactional aero-
dynamic effects between the rotor and the fuselage are dis-
cussed in detail.  

*This work was supported by the National Research Founda-
tion of Korea (NRF) Grant funded by the Ministry of Science 
and ICT (NRF-2017R1A5A1015311, 
NRF-2021R1C1C1010198). 

 

A parametric study of projectile launched by com-
pressed air-cannon* Woojin Sung1, Jihoon Kim1, Kyeong 
Sik Jang1, Thi Thanh Giang Le2, Jeonglae Kim3, 
Dong-Hyeon Kim4, Jaiyoung Ryu1,2; 1Department of Me-
chanical Engineering, Chung-Ang University, 2Department 
of Intelligent Energy and Industry, Chung-Ang University, 
3School for Engineering of Matter, Transport and Energy, 
Arizona State University, 4Hyper Tube Express (HTX) Re-
search Team, Korea Railroad Research Institute 

The principle of compressed air-cannon is that compressed 
air in the reservoir rapidly expands due to the pressure dif-
ference to propel the projectile. In previous studies, because 
the pressure in front of projectile is lower than that in reser-



 

voir, the pressure in front of projectile was assumed as a 
constant value. However, when the projectile moves in a 
closed tube, a compression wave is generated in front of 
projectile. This compression wave increases the pressure in 
front of projectile, and the maximum velocity of projectile is 
reduced. Our study considered pressure affected by the com-
pression wave in front of projectile and developed theoretical 
model predicting the velocity of projectile. The effects of the 
expansion process, cross-sectional of area of projectile, ini-
tial pressure of reservoir, and friction were analyzed using 
our theoretical model. The maximum velocity and distance 
reaching maximum velocity decreases compared to those 
with assumption of constant pressure in front of projectile. 
The effect of compression wave is significant with an in-
crease in the maximum velocity of projectile, and the com-
pression wave should be considered in design stage. Our 
study can provide useful guidance for the design of com-
pressed air-cannon.  

*This work was supported by the MOTIE (Ministry of Trade, 
Industry, and Energy) in Korea, under the Fostering Global 
Talents for Innovative Growth Program supervised by the 
Korea Institute for Advancement of Technology (KIAT) and 
“Core Technology Development of Subsonic Capsule Train” 
of the Korea Railroad Research Institute (KRRI). 
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Investigation of compressible flow phenomena and 
aerodynamic characteristics in Hyperloop system 
under cracked-tube* Jihoon Kim1, Kyeong Sik Jang1, 
Thi Thanh Giang Le2, Minki Cho3, Jaiyoung Ryu1,2; 
1Department of Mechanical Engineering, Chung-Ang Uni-
versity, 2Department of Intelligent Energy and Industry, 
Chung-Ang University, 3Hyper Tube Express (HTX) Re-
search Team, Korea Railroad Research Institute 

Hyperloop system is a tube–train system that travels in a 
near-vacuum tube at a transonic speed. When the tube cracks, 
an instantaneous air flows in the tube owing to the pressure 
difference between the tube and atmosphere. Accordingly, 
the Hyperloop system becomes unstable and dangerous. This 
study first analyzed the compressible flow phenomena and 
aerodynamic characteristics in the Hyperloop system under 
cracked-tube conditions through theory and simulation. Es-
pecially, the pressure wave owing to the crack and pod was 
analyzed, and the results from theory and simulation were 
compared. A Two-dimensional planar model and un-
steady-state simulation was conducted. In the numerical 
simulation, the moving mesh method was applied to simulate 
the movement of pod. When the crack occurs in the tube, the 
instantaneous flow develops to a normal shock wave. With 
the increasing the crack widths, the intensity of normal shock 
wave increases. When the pod moves in confined tube, the 
compression and expansion waves are generated in front of 
and behind the pod, and these waves propagates in opposite 
directions. Furthermore, as mentioned above, the pressure 
wave is generated owing to the occurrence of crack. The 
compression waves owing to the crack and pod interacts, and 
the interacted region becomes higher pressure. After inter-
acted pressure wave directly affects the pod, the reflected 
normal shock wave is generated. Furthermore, the aerody-
namic drag increases owing to the interacted pressure wave. 
From this study, the stability of the Hyperloop system under 
cracked-tube can be evaluated. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) and by the Korea Railroad Research 
Institute (KRRI). 

 



 

Computations of multicopter aerodynamics in ver-
tical flight conditions using OpenFOAM* 1, 

2, 1; 1Gwangju Institute of Science and 
Technology (GIST), 2Korea Institute of Science and Tech-
nology Information (KISTI) 
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Comparison of single cell performance depending 
on the flow path design in solid oxide fuel cell* 

1, 1; 1Mechanical Engineering, Pusan Na-
tional University 
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Open-End Correction for the Compression Waves 
Emitted from the Exit of a High-Speed Railway 
Tunnel * Rohit Sankaran Iyer1, 1, 2, 

1;1Andong National University, 2Korea Railroad 
Research Institute. 

A compression wave of finite length is generated by a 
high-speed train entering tunnel due to piston effect. The 
wave propagates at local speed of sound and undergoes 
waveform distortion along the tunnel length. A part of the 
wave reaching the exit portal is transmitted as a pressure 
pulse known as micro-pressure wave, whereas the rest is 
reflected into the tunnel. Due to the finite wavelength, the 
wave is reflected from a focal point outside of the physical 
tunnel end. The focal point occurring outside the physical 
tunnel end is a result of the impedance mismatch at the exit 
portal. Therefore, the compression wave reflects from an 
imaginary gas dynamic end which is also know as the 
open-end. The corresponding correction from the tunnel end 
to the focal point is the open-end correction. For a normal 
shock wave, the reflection occurs either at the physical end 
or even inside the tunnel. Hence, there particularly exists a 
correlation between the wavelength thickness, pressure ratio 
and the open-end correction. A CFD study is conducted here 
to understand the reflection of the expansion waves from the 
focal point for different waveforms with varying pressure 
ratios and wavelength. Thereafter, the geometry of the tunnel 
is varied to understand the flow physics and a detailed wave 
diagram is plotted. Results show that the open-end correction 
reduces as the peak over pressure of the compression wave is 
increased. Finally, it is observed that the waveform steepness 
is inversely proportional to the open-end correction. An em-
pirical relation for the pressure ratio of the compression 
wave and open-end correction is developed with the help of 
the obtained data.  

 

Experimental and Computational Study for Fine 
Dust Collector using Cyclone Separator and Micro 
Water Droplet* Jinho Oh 1, Seungho Kim1, Jung-Eon Lee2, 
Kyung Chun Kim1; 1Pusan National University, 2Bopyong 
GRIN Co. 

A novel concept to collect micro-scale fine dust using cy-
clone separator and micro-scale water droplet is proposed. 
Through the visualization study on the coalescence between 
coal dust and water droplet using long distance microscope 
and high-speed camera, coal dust was collided and captured 
by the water droplet with similar diameter. Double cyclone 
separator combined with conventional 2D2D model and 
high-efficient 1D3D was constructed to 3 m height. Orifice 
flowmeter was used to measure the inlet velocity and the 
inlet velocity was set from 11 m/s to 23 m/s. The double 
cyclone separator was validated through the comparison 
between pressure drop calculated by the computational anal-
ysis and measured by the experiment. Also, similar flow 
pattern with the result of the computational analysis was 
observed by the experiment using smoke. More coal dust 
was collected in an influence of the increment of the particle 
mass and diameter when the micro water droplet was spread. 

*This work was supported by the Technology development 
Program of MSS (G21S287484802) and the National Re-
search Foundation of Korea (NRF) Grant, which is funded 
by the Korean government (MSIT) (No. 
2021R1A2C2012469). 

 

Heat transfer analysis around evaporator in refrig-
erator based on CFD simulation* Jinxing Fan1, Eun-
seop Yeom1; 1School of Mechanical Engineering, Pusan 
National University 

The evaporator in refrigerator is the core component of the 
refrigerator and usually operates together with a refrigerator 
fan (R-fan) controlling airflow circulation. During the fan 
operation, the water vapor inside air can be accumulated as 
frost over the evaporator surface. The frost layer over evap-
orator increases the thermal resistance and the airflow re-
sistance, and reduce the heat exchange efficiency. To remove 
frost layer, defrost heating is periodically conducted during 
refrigerator operation. During defrost stage, the defrost water 
inside R-fan will be discharged through a drain hole of R-fan. 
However, the drain hole is also an exit of airflow inside 
R-fan during normal operation. This outflow through the 
drain hole can affect the airflow state around the evaporator. 
Since the heat transfer between air and evaporator is affected 
by airflow around the evaporator, different airflow states 
around evaporator depending on the design of drain hole 
structure may contribute heat transfer characteristics. Thus, 
the heat transfer analysis of the evaporator should be con-
ducted in different airflow states induced by different drain 
hole structure based on CFD-simulation. The simulation 
results show the significantly reduced backflow through the 



 

drain hole increases the heat transfer performance. At high 
airflow velocity position, weak heat transfer performance can 
be found because of the insufficient heat transfer time. The 
airflow mixture state from the drain hole can also disturb the 
heat transfer process because of a temperature interface 
caused by the velocity gradient. According to the result, new 
type model of the drain hole was proposed. The result indi-
cates improving the airflow state is helpful in the heat trans-
fer performance of evaporator. 

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant and funded by the Korean gov-
ernment (MSIT) (No. 2021R1I1A3047664). 

 

Numerical and experimental study on Supersonic 
Ejector* Hadi SamsamKhayani1, 1, 1, 

1, 1; 1Pusan National University. 

A supersonic ejector is a device that is used to enforce a 
low-pressure fluid by transferring the energy and momentum 
from the high-pressure field. For instance, the ejector can be 
utilized to be one of the alternative solutions to the boil-off 
gas issue or refrigeration and air conditioning system. the 
performance of the ejector-based system is highly dependent 
upon the efficiency of the ejector. the performance of the 
ejector is believed that could be affected by geometrical pa-
rameters and boundary conditions. Consequently, there a 
desperate need to precise design, predict the flow feature, 
and subsequently, optimize the supersonic ejector. the ax-
isymmetric supersonic ejector aims to be applied for the 
ejector-based systems has been designed, optimized, and 
studied. Theoretical analysis cannot cope with the supersonic 
interaction of two fluid flows as well as mixing process, thus 
the CFD simulations have been conducted to obtain opti-
mized boundary conditions and geometrical parameters. The 
experimental results show that the crucial geometrical pa-
rameters such as NXP(Nozzle exit position), and diameter of 
the mixing chamber could highly affect the performance of 
the ejector. Critical entrainment ratio achieved while the 
ejector operates at its on-design geometrically and boundary 
conditions. double choke, single choke, and backflow phe-
nomena have been observed via the CFD simulations and 
confirmed by the experimental data.  

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by the Korean 
government (MSIT) (No. 2020R1A5A8018822). 
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Theoretical Analysis of Compressible Flow in a 
Ranque-Hilsch Vortex Tube Kannan Shaji1, Kang-Ki 
Lee2, Heuy Dong Kim3; 1Daejoo Machinery Co. Ltd., 2AVL 
List Gmbh, 3Andong National University 

Ranque-Hilsch vortex tube has been well known as a fluidic 
device to separate gas stream into low and high temperature, 
and has been employed in a variety of engineering applica-
tions. Although it is composed of the simple structure such as 
a vortex chamber, a long vortex tube, a hot exit and cold exit, 
the flow field involved is quite complicate, being subject to 
unsteady, 3-dimensional, viscous, compressible behaviors. 
Till now, many flow models have been developed to analyze 
the flow characteristics inside the vortex chamber and vortex 
tube, which are specified by a forced vortex flow and a vis-
cous swirling flow, respectively. However, these flow models 
have never been proven by reliable experimental data and 
elaborate computational fluid dynamics predictions. Thus, 
the optimal design of the vortex tube has relied largely on 
trial and error and empirical data. In the present study, an 
integrated theoretical model has been developed for the 
whole flow field through the vortex tube system and the 
results of the theoretical predictions were well validated with 
existing experimental data. Thus, the present flow model can 
be used for the purpose of convenient design of the vortex 
tube with a specific application. 

 

Study on the compression process of gas with fine 
water droplets* TAE HO KIM1, HEUY DONG KIM1; 
1Andong University 

The efficiency of a fluid machinery that sucks and com-
presses atmospheric air has been calculated based on the 
isentropic equations. This equation provides a constant value 
if only the incoming air temperature is known. However, in 
actual compression, the water droplets contained in the at-
mosphere take heat away from the surrounding air and evap-
orate, reducing the temperature of the surrounding air. Even 
if the temperature of the air in the atmosphere is constant, the 
efficiency is changed according to the amount of water 
droplet contained in the air depending on the humidity. 
Therefore, in this study, a cylinder-piston system was intro-
duced to simulate the actual compression process. Using this, 
a theoretical model for the dynamic behavior of the thermal 
fluid for the evaporation of water droplets was proposed. In 
addition, this theoretical model was verified by comparison 
with the experiment. In the future, we will calculate the effi-
ciency for various variables such as humidity, the diameter of 
the water droplet, and the compressibility of the first incom-
ing air. 

 

    * 1, 1, 
1, Muhammad Saeed2, 2; 1 , 

2  



 

A study on the steam flow in a fabric care machine is pre-
sented. The fabric care machine is the AirDresser with one 
steam jet and three hangers. Clothes hang on every hanger 
and the steam jet is located on the back of the floor. To in-
crease the amount of steam that condenses on the clothes, 
wind comes from the back of the floor and exits the front of 
the floor by fan operation. To understand the flow in the 
fabric care machine, numerical simulation is conducted using 
an RANS technique with Star-CCM+ and experiments are 
carried out. The amount of the steam condensing on the 
clothes is affected by the angles at which the wind blows and 
exits, respectively. The optimal angles to maximally con-
densing steam on clothes are predicted well with partial 
pressure of water vapor. 

 

Thrust generation of a multi-segment system by 
coordinated motion 1, 1, Ehsan 
Mahravan1, 1; 1  
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1, 1; 1Korea Advanced Institute of Science 

and Technology 
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* 1,2; 1Gyeongsang National University, 

2Research Center for Aircraft Core Technology 
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 * 1; 1Hanseo University 
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National University 
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Recent progress of anode materials for lithium-ion 
batteries* 1; 1    
( ) 

To satisfy the demand for longer driving range of electrical 
vehicle, there have been numerous developments of elec-
trode materials for higher energy density of lithium-ion bat-
teries (LIBs). For anode materials, graphite anode has been 
most widely used since the first commercial LIBs was de-
veloped with LiCoO2-graphite chemistry in 1991. However, 
the gravimetric capacity of graphite anode is theoretically 
limited to 372 mAh/g. Therefore, there have been many ap-
proaches to use anode materials showing higher gravimetric 
capacities such as silicon(3579 mAh/g) and lithium met-
al(3862 mAh/g). However, silicon and lithium metal anodes 
have volume expansion (silicon and lithium) and dendrite 
growth(lithium) problems inducing degradation of LIBs. 
Therefore, material design is needed to solve the degradation 
issues. Herein, I will introduce the recent progress of anode 
material designs for lithium-ion batteries. Currently, the most 
advanced form of commercialized anode is graphite and 
silicon blending anode which has gravimetric capacity up to 
500 mAh/g. In other hand, various studies on lithium metal 
anode have been reported in academia (for example, all sol-
id-state batteries). 

 

Technology of polymer electrolyte membrane fuel 
cell system for the smart mobility applications 

1; 1Changwon National University 
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1, 2, 1; 1LG   
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The improved early stage learning of PINN by in-
serting an additional input layer* 1, 1, 

1; 1Seoul National University
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A data-driven large-eddy simulation model invari-
ant of characteristic velocity scale* 1, 2, 

1; 1Seoul University, 2  

One of the issues of large-eddy simulation (LES) model 
trained with neural network is that the model is not invariant 
of the characteristic length or velocity scale. In the present 
study, we propose to use an artificial neural network (ANN) 
with a new structure to develop LES model to resolve this 
issue. This ANN does not include bias and batch normaliza-
tion, but nonlinear activation function. Three ANNs with 
different structures are trained to derive LES models from 
filtered flow variables obtained by DNS of turbulent channel 
flow at Re = 178. A Priori and a posteriori tests are execut-
ed to measure their performances. The results show that new 
ANN can accurately predict the turbulence statistics invari-
ant of the characteristic velocity scale adopted. 

*This work is supported by the National Research Founda-
tion through the Ministry of Science and ICT 
(2022R1A2B5B02001586) 

 

High-Accuracy and Interactive Flow Simulation for 
an Extended Reality Contents Platform * 1, 

1, 1; 1Korea Institute of Science and Tech-
nology Information (KISTI) 
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* This work was supported by the National Research Council 
of Science & Technology (NST) grant by the Korea gov-
ernment (MSIT) (No. CRC21011)  

 

:  2 

6  23   10:25 – 11:55 

9   

: ( ) 
 

Spatio-temporal resolution enhancement and data 
recovery of 2D lifetime-based phosphor thermome-
try using deep neural network* 1,  1, 

1; 1Pusan National university 

The thermographic phosphor thermometry shows the ad-
vantages of insensitive against the properties of the surface 
and robust against interference from scattered light compared 
with traditional optical methods such as pyrometry, thermo-
chromic liquid crystals, etc. After the post processing, 
time-resolved temperature fields could be obtained. Since the 
lifetime-based method is using the intrinsic property of the 
phosphorescence, this method is robust and accurate com-
pared with the other post-processing methods. However, the 
lifetime-based method has disadvantage that limits the tem-
poral resolution of the time-resolved temperature fields. An 
interrogation window method can be applied to decrease 
noise in each pixel. However, at the same time, the interro-
gation window decreases spatial resolution of the tempera-
ture fields. The spray-painting method is the easiest way for 
the coating the phosphor particles. However, it is difficult to 
control the thickness of the coating, causes uneven surface 
which results in nonuniformity of the phosphorescence and 
can be easily removed. In this study, a deep neural network 
(DNN) is suggested as a solution to the three aforementioned 
problems. The DNN is constructed. And then, the spatial and 
temporal resolution of the temperature field is enhanced, and 
the lost data is recovered. 

* This work was also supported by the National Research 
Foundation of Korea (NRF) grant, which is funded by the 
Korean government (MSIT) (No. 2020R1A5A8018822).  

 

Velocity and temperature field reconstruction by 
physics informed neural network* Hyungmin Shin1, 
Jeongsu Jung1, Kyung Chun Kim1; 1Pusan National Univer-
sity 

This paper proposed an innovative approach to predict flow 
field data with Physics Informed Neural Network (PINN). 
For reconstructing velocity field, several residual data were 
given and find hidden mechanics of fluid flow by PINN. To 
predict natural convection of fluid inside of the square en-
closure, 2D PINN model were generated and trained by Na-
vier-Stokes equation, continuity equation and energy equa-
tion. In this case also gave several data for reconstruction of 
velocity and temperature field. To get more precise result 
considering wall effect, 3D PINN model also generated. 
Result shows a good agreement with the numerical simula-
tion. A deeper analysis about the methodology of various 
PINN and error between the numerical method and PINN 
were conducted. The results show the great potential for 
analyze velocity field and temperature field. 

* This research was supported by the National Research 
Foundation of Korea (NRF) Grant, which is funded by the 
Korean government (MSIT) (No. 2020R1A5A8018822). 

 

Automatic mesh generation for blades using deep 
reinforcement learning* 1, 1, 1; 
1Pohang University of Science and Technology 
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Prediction of airfoil performance using Convolu-
tion neural networks* 1, 1, 1, 

1; 1Korea Maritime and Ocean University 

*      
 (No. 2021R1F1A1053438). 

 

Prediction of Prandtl Number Effect in Turbulent 
Heat Transfer through Interpretable Deep Learn-
ing* 1, 1, 1; 1Yonsei University 

Turbulent heat transfer is a phenomenon observed in various 
applications such as gas turbines and heat exchangers, and 
predicting heat transfer is greatly important in engineering 
fields. In particular, at the wall, heat flux is highly correlated 

with shear stress as the result of the Reynolds analogy. 
However, in local regions, the dissimilarity between them is 
observed despite the strong similarity. Also, the relationship 
between them has a strong nonlinearity with respect to 
Prandtl number. Therefore, for the development of more 
accurate heat transfer prediction models, understanding the 
turbulent transport of momentum and heat for Prandtl num-
ber is essential. In this study, GAN, one of the deep learning 
models, was applied to predict the surface heat flux for vari-
ous Prandtl numbers from wall shear stresses in turbulent 
channel flow with temperature. Furthermore, we investigated 
the nonlinear relationship between wall shear stress and sur-
face heat flux for Prandtl number through the trained.  

*    (2017R1E1A1A03070282, 
2022R1A2C2005538)    . 

 

On the reconstruction of 3D turbulent flows from 
2D data using deep neural networks* Mustafa Z. 
Yousif1, Linqi Yu1, and Hee-Chang Lim1; 1Pusan National 
University 

Turbulence has chaotic nature with multiple spatio-temporal 
scales, the experimental and numerical tools should be pre-
cise and sophisticated in order to accurately describe the 
flow structures. A remarkable advancement has been 
achieved throughout the numerical simulations, represented 
by the state of art direct numerical simulation (DNS) and the 
experimental tools represented by the particle image veloci-
metry (PIV). However, in both the numerical and experi-
mental approaches, substantial costs are required to describe 
the flow structures and these costs are proportional to the 
Reynolds number. On the other hand, enormous amounts of 
data can be generated from the experimental and the numer-
ical studies, which encourage looking for new deep learn-
ing-based data-driven methods that can practically utilize the 
data for turbulence-related problems. Recently, several deep 
learning models have shown a remarkable potential to map 
turbulent flow fields with spatially limited resolutions to high 
fidelity flow fields by making use of the available training 
data. Thus, such deep learning models possibly can recon-
struct the missing regions in the flow fields by compensating 
them with approximation functions represented by the train-
able parameters in the models. In this study, we present a 



 

deep learning-based method to reconstruct three-dimensional 
turbulent flows from two-dimensional data, in such a way 
that mimics the reconstruction of three-dimensional turbulent 
flows from two-dimensional PIV measurements. We propose 
a model, we call 2D to 3D generative adversarial network 
(2D-3D GAN) to reconstruct three-dimensional turbulent 
flows from two intersected unpaired two-dimensional data 
sets. DNS calculations of turbulent channel flow and flow 
around finite a wall-mounted square cylinder are utilized to 
evaluate the performance of the proposed model. 

*   2021  ( )  
    

  (20214000000140,  
).    2019   

( )     
    (No. 2019R1I1A3A0 

1058576). 
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Predicting Air Change Efficiency of Air Purifier 
using Convolutional Neural Network* 1, 

1, 1; 1Chonnam National University 
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Super-resolution reconstruction of 
three-dimensional turbulent flows using deep 
learning* Linqi Yu1, Mustafa Z. Yousif1, and Hee-Chang 
Lim1; 1 Pusan National University 

This study presents a deep learning neural networks that is 
used to recover high-resolution turbulent flows from grossly 
coarse flow field data. For the present flow velocity field 
reconstruction, a deep learning model is developed named 
multi-scale enhanced super-resolution generative adversarial 
network (MS-ESRGAN). One case is used to evaluate the 
performance of the deep learning model that is the DNS data 
of 3D channel flow at two different friction Reynolds num-
bers Re  = 180 and 550. The results show that this deep 
learning model has the capacity to commendably reconstruct 
the high-resolution velocity fields from limited data with 
reference to instantaneous and statistical results. Besides, the 
results also illustrate that the model can rebuild the turbu-
lence at extra Reynolds numbers that is within the range of 
the training Reynolds numbers. Furthermore, the ability of 
utilizing transfer learning (TL) for the case of 3D channel 
flow is also tested. In TL case, the initializing weights for the 
training of 3D channel flow at Re  = 550 is the trained 
weights of the case of 3D channel flow at Re  = 180. With 
the application of TL, the computation cost is less, and the 
amount of training data set are less compared to the ordinary 
training. 

*   2021  ( )  
    

  (20214000000140, 
).    

2019   ( )    
     (No. 

2019R1I1A3A01058576). 

 

Evaluation of Flow Resistance Prediction Perfor-
mance of Neural Network Model Depending on 



 

Reynolds Number Preprocessing* 1, 1; 
1Chonnam National University 
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Optimized deep learning-based ultrasound speckle 
image velocimetry for super-resolution PIV meas-
urement* HYO SEUNG LEE1, SANG JOON LEE1; 
1Department of Mechanical Engineering, Pohang University 
of Science and Technology (POSTECH) 

A deep learning-based super resolution ultrasound (DL-SRU) 
was introduced to localize positions of red blood cells 
(RBCs) from ultrasound B-mode images. A two-frame parti-
cle tracking velocimetry (PTV) algorithm is applied to the 
output images of DL-SRU for accurate measurement of 
whole velocity field information. However, the prediction 
accuracy of DL-SRU is decreased in the regions where 
speckle signals are overlapped and the number of velocity 

vectors measured by the two-frame PTV algorithm are insuf-
ficient. In this study, the DL-SRU is improved to enhance the 
localization performance. In addition, the two-frame PTV 
algorithm was replaced with a new deep-learning based PIV 
which was optimized for ultrasound images to get densely 
distributed velocity vectors. Thus, the overall deep learning 
networks are robust to ultrasound images. As a result, the 
proposed DL-SRU can provide more accurate and improved 
results than before.  

 

Large-Eddy Simulation Modeling of Wall-Bounded 
Turbulence using Deep Reinforcement Learning* 

1, 1, 1, 1; 1Yonsei University 

Recently, for the purpose of precise subgrid-scale(SGS) 
modeling of large-eddy simulation, supervised deep learning 
approaches using high-fidelity direct numerical simulation 
data have been tested. However, its performance has not met 
the expectation and in practice such data are generally not 
available. To overcome these limitations, we applied a deep 
reinforcement learning (DRL) algorithm to SGS modeling of 
wall-bounded turbulence, which has not been yet investigat-
ed. Using only limited target statistics including the mean 
viscous and Reynolds stresses, we trained the DRL model 
that produces the SGS stress from the local resolved velocity 
gradient information. As a result, in various environments 
our DRL could develop SGS models that can predict the 
statistics perfectly consistent with those of filtered DNS. In 
the presentation, we will show various results including the 
effect of the model form, physical constraints, and character-
istics of the trained model. 

*   (2017R1E1A1A0307028 2)  
  . 

 

Prediction and control of 2D decaying turbulence 
using generative adversarial networks* Jiyeon Kim1, 
Junhyuk Kim1, Changhoon Lee1; 1Yonsei University 

Recently, various cases of applying machine learning (ML) 
to fundamental studies to understand the dynamic behavior 
of turbulence and turbulence control have been attempted. 
Most of the existing methods regarding turbulence dynamics 
prediction are based on reduced-order modeling (ROM) 
methods to solve the difficulties caused by the 
high-dimensionality of turbulence, but they have certain 



 

shortcomings such as losing non-linear transients and mul-
ti-scale phenomena inherent in the data. Deep convolutional 
generative adversarial networks (DCGAN), however, are 
well known for their capability of reflecting spatial infor-
mation by utilizing convolutional neural networks (CNN) 
and containing statistical properties through the adversarial 
training to the discriminator. On the other hand, various 
studies applying ML to flow control for various tasks such as 
drag reduction of turbulent channel flow have been conduct-
ed for a long time, showing successful control results. To the 
best of our knowledge, however, there is almost no example 
of applying ML to flow control for a more general purpose 
of the fundamental study. Thus, we tried to develop a predic-
tion model using GAN that predicts the evolution of turbu-
lence with high accuracy by reflecting both spatial infor-
mation and statistical characteristics and to present a control 
model which enables turbulence control for some specific 
purposes using this high-accuracy prediction model as a 
surrogate model. As a result, our prediction model showed 
spatially (e.g., mean squared error and correlation coeffi-
cient) and statistically (e.g., enstrophy spectra) very high 
accuracy in the prediction of 2D decaying turbulence. Also, 
our control model was able to generate disturbances that 
allow the time-evolution of the flow field to be in a direction 
that fits the objective function. In this presentation, we will 
present examples of model performance evaluation from 
various angles related to prediction and control results ac-
cording to various targets, including the above prediction and 
control results. 

*   (2017R1E1A1A0307028 2)  
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Penetration of a vortex ring bubble through an 
oil-water interface* 1, 1, 1, 

1; 1  
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Development of 3-D Thermal Hydraulics Analysis 
Technology for SMRs* 1, 1 ; 1Korea 
Atomic Energy Research Institue 
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Studies on the Interfacial Tension of Liquid Met-
al-Fluid Systems* 1, 1; 1Department of 
Mechanical Engineering, Korea Advanced Institute of Sci-
ence and Technology 
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*       
(NRF-2021R1A2C2007835)    , 

  Journal of Colloid and Interface Sci-
ence   
(https://doi.org/10.1016/j.jcis.2022.04.037.) 

 

Permeability and mobility of non-Newtonian fluids 
for flows in porous media based on the energy dis-
sipation rate and its application to porous 
nanocarbon architectures* 1, 1, 

2; 1 , 2  

In this work, we propose a novel method to quantify flows of 



 

inelastic non-Newtonian fluids in porous media based on the 
energy dissipation rate. Unlike the permeability of a Newto-
nian fluid with the Darcy’s law, the mobility of a 
non-Newtonian fluid shows complicated behaviors due to 
non-separable effects of the geometry and rheology. We 
suggest an energy dissipation-based flow characterization 
method for this problem, employing the two flow numbers, 
i.e. the energy dissipation rate coefficient and the effective 
shear rate coefficient, which appear to depend nearly on the 
porous architecture only. New expressions for the permeabil-
ity and mobility of non-Newtonian fluids were derived for 
model porous media with the lubrication theory. We show 
that the mobility of a non-Newtonian fluid for a given porous 
media can be factored into the permeability of a Newtonian 
fluid and the effective viscosity from the energy dissipation 
rate. The proposed quantification method was validated 
through example problems of flows in two-dimensional (2D) 
transverse fibrous porous media (quadratic and hexagonal) 
and regularly packed beds with spheres (faced-centered cu-
bic and body-centered cubic) using numerical simulations. 
This approach can be also applied to identify for flows in 
practical complex porous media such as the porous nanocar-
bon aerogels, membranes, and separators for Li-ion batteries. 

This work was supported by the National Research Founda-
tion of Korea (Grant No. NRF-2019R1A2C1003974, No. 
NRF-2019R1A2C1 00375312 and 
NRF-2020M3D1A208162522), and the Research Fund of 
the Korea Institute of Materials Science (KIMS) (No. 
PNK8350) and the National Research Council of Science & 
Technology (NST) grant by the Korea government (MSIT) 
(No. CAP21041-000). 

 

Quantification of flows in the metering section of a 
single screw extruder based on energy dissipation 
rate* Xuesi Gao1, Byung Min Lee1 and Wook Ryol 
Hwang1; School of Mechanical Engineering, Gyeongsang 
National University 

Abstract: In this work, a novel approach is proposed in quan-
tifying the effective viscosity, effective shear rate, and 
pumping characteristics of non-Newtonian fluids in the flow 
within the metering section of the single screw extruder. 
Splitting the flow of a single screw extruder into a purely 
pressure-driven contribution and a purely rotational one, we 
have investigated flow characteristics of the continuous flow 
system within the metering section. Four flow numbers are 
employed (i.e., the coefficient of effective shear rate and the 
coefficient of energy dissipation for driven-flow; the coeffi-
cient of effective shear rate and the coefficient of energy 
dissipation for the rotational flow), which are found depend-
ent only on flow geometries, independent of rheological 
behaviors of a fluid. We apply the present quantification 
method with the four flow numbers to flows in a single 
screw extruder with various viscosity models (Newtonian, 
power-law, Carreau, and Herschel-Bulkley model) to show 

its accuracy and feasibility in predicting flow rate, torque and 
pressure drop as well as in estimating the viscosity behavior 
for the process monitoring. 

This work was supported by the National Research Founda-
tion of Korea (Grant No. NRF-2019R1A2C1003974). 

 

Lubricant-infused anodic aluminum oxide (AAO) 
surface for sustainable drag reduction* JAEYEUNG 
YUN1, SANG JOON LEE1; 1Pohang University of Science 
and Technology (POSTECH) 

Lubricant infused surface (LIS) was introduced a decade ago. 
It has shown good performance in many applications, in-
cluding anti-icing, anti-biofouling and drag reduction. In 
these applications, lubricants are placed between working 
fluids and solid surface. When the impregnated lubricant is 
depleted, the surface structures work as roughness and in-
crease frictional resistance. Therefore, sustainable mainte-
nance of lubricants of LIS surface is important, especially 
when the LIS is exposed to harsh marine condition for 
long-term operation. In this study, an LIS made of anodic 
aluminum oxide (AAO) is proposed to withstand harsh con-
dition without loss of infused lubricants. A two-step anodiza-
tion method was employed to form an anodic aluminum 
oxide (AAO) layer on aluminum substrate. The AAO layer is 
composed of array of nanocavities with a diameter of tens 
nanometers and a height of about several micrometers. The 
viscosity of the infused lubricant is 12.4 cSt at 20°C. A spin 
coater was used to establish a harsh condition on the 
AAO-based LIS with increasing rotation speed to 3500 rpm. 
With increasing rotation speed of the spin coater, we checked 
the depletion of the lubricants impregnated in the LIS surface 
by monitoring its wettability. As a result, the AAO-based 
nanostructure with high aspect ratio was found to maintain 
the infused lubricant sustainably under a harsh condition. 
The proposed lubricant-infused AAO surface would have a 
strong potential in engineering applications which require 
sustainable drag reduction. 

* This work was supported by a National Research Founda-
tion of Korea (NRF) grant funded by the Korean Govern-
ment (MSIP) (No. 2019M3C1B7025088). 

 

Development of a lubricant-swollen polymer for 
sustainable slippery surface* Gyudo Park1, Sang Joon 
Lee1; 1Pohang University of Science & Technology 

A water-repellent surface developed inspired by nature has 
been usefully utilized in various engineering fields such as 
drag reduction and anti-fouling. As a typical water-repellent 
surface, lubricant-infused surface (LIS) has received large 
attention due to its superior durability at high pressure and its 
immiscible properties for various organic liquids. However, 
the lubricant impregnated in the LIS is easily depleted by 
shear-induced stress, which should be solved to apply it to 



 

real industrial environments. In this study, we propose a new 
liquid-swollen polymer in which oil molecules are captured 
in a polymeric network. The developed surface has a thin 
lubricating layer, which rapidly removes droplets or ice from 
the surface. Even after the lubricating layer is depleted by 
external physical stimuli, the developed surface has a 
self-replenishment function that continuously forms an oil 
layer. After exposure to strong centrifugal force under 4000 
rpm rotation condition, the developed surface maintains a 
low sliding angle value of less than 1 degree. In addition, 
after exposure to high-pressure and high-speed shear flow of 
1.2 bar and 11 m/s, the conventional surface completely lost 
its slippery properties, while the developed surface main-
tained a low sliding angle without deterioration in perfor-
mance. These results indicate that the proposed surface has 
effective oil management ability to efficiently use the ab-
sorbed oil even after lubricant depletion. The proposed new 
liquid-swollen polymer would provide innovative and prac-
tical performance in various fields such as drag reduction, 
anti-icing, anti-fouling, and self-cleaning. 

*This work was supported by the National Research Founda-
tion (NRF) of Korea Grant funded by the Korean Govern-
ment (MSIP) (No. 2019M3C1B7025088). 
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Efficient Aerodynamic Analysis and Design using 
POD-Machine Learning* 1, 1, Susmit 
Joshi2, 3, 3, 1,2; 1 , 
2Virginia Tech, 3  
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Data-driven turbulence modeling for subsonic and 
supersonic axisymmetric base flows* 1, 

1, 1, 1, 2; 1Gwangju Institute 
of Science and Technology, 2Inha University  
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Preliminary Study on CFD Simulation for Sloshing 
Loads in a Rectangular Tank using POD-LSTM* 

1, 1, 1, 1, 2; 1Pusan 
National University, 2Gwangju Institute of Science and 
Technology 
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Reinforcement Learning-Based Approach for Op-
timizing Operating Condition to Prevent Conden-
sation-Induced Water Hammers* 1, Pham Quy 
Duc Thinh1, Tran Minh Tam1, 1; 1Kyungpook Uni-
versity 
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Improvement of a RANS Model for Prediction of 
Separated Flows Using the Field Inversion and 
Machine Learning Approach * 1, 1, 

1 1 2; 1Gwangju Institute of Science 
and Technology, 2Inha University 
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A Numerical Simulation on Thrombosis in Cen-
trifugal Blood Pumps* Jongrak Choi1, Jongwon Shin1, 
Nahmkeon Hur1; 1Sogang University 

Thrombosis is a symptom in which blood clot generates 
within blood vessels and causes serious complications such 
as slow blood flow, excessive clotting, and damage to blood 
vessels. In the present study, the thrombosis was studied 
numerically using Computational Fluid Dynamics (CFD) by 
shear stress and biochemical perspectives. The biochemical 
interaction model was used considering seven species that 
platelets, enzymes, and agonist were modeled the source 
terms based on the scalar transport equations. To verify the 
thrombosis phenomenon, the suitable chemical reaction rates 
were selected by comparing the result with experiment and 
simulation results in the 2D channel. The amount of activat-
ed platelets and the distribution of activated platelets were 
obtained with verification model in the FDA benchmark 
blood pump, BP 80 blood pump, and CAPIOX blood pump 
quantitatively. The numerical study can be help to the blood 
pump designer that designer can be check the weak damage 
point of the design in advance. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIT) (No. 2020R1F1A1069607). 

 

Patient-specific tissue demand-based synthetic tree 
generation and simulated perfusion* 1, 

1, 1; 1Korea Advanced Institute of Science 
and Technology 

Biological tissues receive oxygen and nutrients from blood 
vessels by developing an indispensable supply and demand 
relationship with the vessels. As this relationship affects the 
viability and functions of the tissues and blood vessels, we 
can develop realistic blood flow simulation methods by im-
plementing the relationships of the tissues and arteries. We 
implemented a synthetic tree generation algorithm by con-
sidering the interactions between the biological tissues and 
blood vessels. The synthetic trees originate from the arteries 
segmented using medical image data and extend to small 
networks of vessels to satisfy the metabolic demand of the 
supplied tissues. Further, the algorithm is optimized to be 

executed in parallel to expedite the simulated perfusion pro-
cess. The generated synthetic trees are used to simulate blood 
perfusion in the tissues by performing multiscale blood flow 
and Darcy flow simulations. The proposed methods were 
applied to idealized models with different tree resolutions 
and metabolic demands for validation. The methods demon-
strated realistic synthetic trees were generated with less 
computational expense. The methods were then applied to 
two patient-specific geometries to demonstrate the capabili-
ties of them. We applied the methods to generate synthetic 
trees of coronary arteries for the left and right ventricles. We 
also applied them to cerebrovascular arteries with the left 
and right pial surfaces. We will demonstrate how the syn-
thetic tree generation and simulated perfusion methods can 
be used to estimate blood perfusion and risk of ischemia for 
the tissue of interest.  

*    (G04210001, N11220036), 
KISTI (KSC-2021-CRE-0494),  
(N02220071, 2022 )  

  . 

 

Post-TAVI hemodynamics characterization of aor-
tic sinus using particle image velocimetry* 1, 

2, 2, 1; 1Kangwon National Univer-
sity, 2Asan Medical Center, University of Ulsan College of 
Medicine. 

There are multiple options of prosthetic valve for treatment 
of aortic stenosis (AS) such as mechanical valve versus bio-
prosthetic valve, and surgical aortic valve replacement 
(SAVR) versus transcatheter valve implantation (TAVI). 
Recent investigation found reduced leaflet motion and 
thrombosis in a subgroup of patients with TAVI. Although 
this finding raised a concern about possible stroke and heart 
attack from TAVI, the mechanism of this phenomena and 
possible factors affecting the thrombosis has not been clari-
fied yet. This study aimed to investigate the post-TAVI he-
modynamics in the aortic sinus region. The effect of various 
factors including native leaflet length, size of the TAVI valve, 
and sinus diameter on the sinus flow was investigated. The 
results of the study showed that TAVI resulted in relatively 
lower velocity at the sinus compared to that of SAVR. This is 
mostly caused by the native leaflet and skirt of the TAVI 
valve. The native leaflet length covering more than 75% of 
TAVI valve significantly increased the flow stasis and parti-
cle residence in the aortic sinus. Also, larger sinus diameter 
corresponded to the larger stasis area at the same length of 
native leaflet. The effect of deployment depth was not sig-
nificant compared to native leaflet length and sinus diameter.  

*      
. 

 



 

High-throughput measurement of blood flow in 
zebrafish embryos using an agarose mounting 
chamber* 1, Jakir Hossain Imran1, Li-Kun Phng2; 
1Kookmin University, 2RIKEN BDR 

Currently, the process of using zebrafish for investigating 
vascular development requires much hands-on time on set-
ting up adult zebrafish for mating, collecting eggs, removing 
unfertilized eggs and selecting embryos with specific fluo-
rescence-based transgene expression. As a single female 
zebrafish can lay hundreds of eggs and many fish are used on 
a single day, a researcher spends many hours handling hun-
dreds to thousands of zebrafish embryos before (s)he per-
forms imaging experiments and analysis. The automation of 
zebrafish handling will enable researchers to focus more on 
science and data analysis by eliminating labor-intensive and 
time-consuming process. Furthermore, automation will allow 
less skilled technicians and students who do not have much 
prior experience to obtain results. New sample chambers 
were fabricated using molds made by 3D printing to reduce 
time and labor for loading and mounting of many embryos in 
the fluidic channels. We have built and tested a 
semi-automated high-throughput (HT) flow imaging system 
consisting of a novel sample imaging chamber that mounts 
~100 zebrafish embryos at a time, a robotic XY-stage scan-
ning over 50 x 50 mm2 area, and a high-performance 
sCMOS camera with over 100 fps at 2048 x 2048 pixels full 
resolution. Open-source microscopy softwares, Mi-
cro-Manager and ImageJ, were used to control the devices 
and analyze the images semi automatically. We used the 
linear motion tracker for particle tracking velocimetry (PTV) 
analysis and optimized parameters to extract reliable trajec-
tories of red blood cells (RBCs) flowing through the blood 
vessels. High-throughput measurement of blood flow speed 
with many embryos enabled us to obtain more statistically 
meaningful results at each developmental stage. Speed of the 
flowing RBCs exhibits a wide range of magnitude and fre-
quency in various types of the blood vessel during develop-
ment from 1 dpf to 6 dpf. Combining with morphological 
information about blood vessel network, we can estimate the 
shear stress distribution in the blood vessels over an entire 
embryo during its vascular development. 

*    
(NRF-2019R1A2C2088973)   

. 

 

   * Sungdo Hong1, 
Keunhwan Park1; 1Gachon University 
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4D flow MRI hemodynamic evaluation of myocar-
dial infarction-induced porcine heart* 1, 

2, 1; 1 , 
2  

Myocardial infraction (MI) is one of the leading causes of 
death, accounting for between 34% and 42% of popula-
tion-based mortality rate. AMI is known to induce left ven-
tricle (LV) hemodynamic changes, including abnormal vor-
tex flow and reduced kinetic energy. In addition, mitral valve 
regurgitation can occur after acute MI, leading to arrhythmia, 
edema, and dyspnea. Although acute MI-induced flow 
changes have been extensively investigated, the hemody-
namic changes at developing stages remain unclear. In this 
study, we investigate stepwise flow characteristics of in vivo 
MI-induced porcine heart. In addition, temporal segmenta-
tion of porcine heart is used to reveal the effect of fluid 
structure interaction in LV compared with stationary seg-
mentation. Briefly, we introduce an ex vivo porcine heart 
phantom model for analyzing regional flow characteristics in 
LV. This study would be helpful for understanding 
MI-induced flow changes at developing stages in patients. In 



 

addition, the developed ex vivo analysis system might be 
utilized for analyzing flow changes in various types of 
MI-induced hemodynamic abnormalities.  

*This research was supported by National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIP) (NRF-2021R1C1C1003481). 

 

Ex vivo 4D flow MRI assessment of porcine aortic 
valves with normal and bicuspid aortic valve mod-
els* 1, 2, 2, 1 , 
2  

Aortic stenosis (AS) is 3rd common cardiovascular disease, 
which occurs when calcium accumulates in the valve as it 
ages and the valve hardens. The type of AS is divided into 
tricuspid aortic valve (TAV) stenosis and bicuspid aortic 
valve (BAV) stenosis depending on the shape of the valve. 
Many researchers have investigated to reveal the correlation 
between morphological structure of valve and AS develop-
ment. However, the correlation is still unclear due to the 
limitation of current diagnostic techniques used in clinical 
practice. In this study, we provide an ex vivo AV phantom 
models-based flow system for analyzing the effect of mor-
phological structure of AV on hemodynamic characteristics 
of valve’s wake flow. Normal TAV and BAV models were 
fabricated, and the 3D velocity information was obtained by 
using 4D flow magnetic resonance imaging technique. Re-
garding the flow generated in the back stream, the peak ve-
locity in the normal TAV model was 1.1 cm/s and the stroke 
volume was 10.12 mL. In the BAV model, the peak velocity 
was 1.4 cm/s and the stroke volume was 9.40 mL. The stroke 
volume of BAV model was smaller than that of the normal 
TAV model while jet flow had the high peak velocity. This is 
attributed to the morphological structure of BAV model. This 
study will be further investigated by comparing hemody-
namic features in AS patients. In addition, it would be help-
ful for understanding AS development in patients based on 
the flow characteristics of valve’s wake flow and the struc-
ture of valves using ex vivo analysis system.  

*This research was supported by National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIP) (NRF-2021R1C1C1003481). 

 

Airflow and Pressure Distributions in Asthmatics 
with Fixed Airway Obstruction* 1, 

2, 2, 2, 1, 1 Kyungpook 
National University, 2 Jeonbuk National University Hospital 

Asthma is a heterogeneous and chronic inflammatory disease 
that affects the large and small airways. Fixed airway ob-
struction (FAO) is one of various mechanisms contributing to 
severe asthma. To date, most studies of airflow limitation or 
obstruction in asthmatic patients have been analyzed based 
on functional and structural variables in which many physi-

cians find it hard to see significant differences. With the help 
of recent computational and CT scanning development, the 
quantitative computed tomography becomes a useful tool to 
derive more detailed lung structures and then construct a 
whole lung model which could reflect realistically pulmo-
nary airflow behaviors such as flow structure, lung hysteresis, 
and pressure distribution.  In this study, two sets of the QCT 
images at inspiration and expiration of asthmatic patients 
with (group A) and without (group B) FAO were gathered. A 
one-dimensional (1D) computational fluid dynamics (CFD) 
model for airway resistance and lung compliance was em-
ployed to examine the pressure distribution and the hystere-
sis between the pressure and tidal volume (Vtidal) in the 
central and terminal airways for two mentioned groups. For 
the sake of seeing significant differences, we selected 10 
representative patients with the lowest %predicted values of 
FEV1 and FVC in Group A, and 20 subjects with the high-
est %predicted values of FEV1 and FVC in Group B for the 
CFD analysis. The CFD results indicated that the narrowed 
airways of Group A with obstructive disease caused a greater 
pressure drops and work-load during breathing. The CFD 
results also revealed a decrease in lung function consistent 
with the PFT information. Through 1D CFD model, the air-
way geometry reflecting the subject-specific diameter is 
generated, and the airway resistance and fluid dynamic 
characteristics in regional airway could be evaluated. 

*     
(NRF-2020R1F1A1069853)     

. 

 

Flow Characteristics and Inhaled Particle Deposi-
tion in a Tracheostomized Lung Airway* Tran Minh 
Tam1, Huh Sungchul Huh2, Sanghun Kim3, Xinguang Cui4, 
Sanghun Choi1; 1Kyungpook National University, 1Pusan 
National University Yangsan Hospital, 1Pusan National Uni-
versity Hospital, 1Huazhong University of Science and 
Technology 

Tracheostomy is a surgical procedure widely used in treat-
ments of airway-related diseases, or breathing difficulty that 
require long-term mechanical ventilation. However, a num-
ber of complications that likely to occur upon performing 
tracheostomy. In this study, we employed computational 
fluid dynamics method as a non-invasive and efficient ap-
proach fro observing the following consequences of trache-
ostomy. The subject-specific airway which was obtained 
from computed tomography images was combined with and 
artificial geometry of tracheostomy tube and an idealized 
upper airway to compare the characteristics of airflow and 
inhaled particle deposition. The tracheostomy tube induced a 
jet flow, causing high wall shear stress and viscous dissipa-
tion, which potentially damage epithelial cells on tracheal 
surface. Particle deposition on surface of central airway was 
increased in tracheostomized airway, being correlated with 
the intense turbulence therein. Pressure drop and airflow 
resistance were also higher for tracheostomized case during 



 

both inspiration and expiration, which implied for greater 
work of breathing. 

*This study was conducted with support from the National 
Research Foundation of Korea (NRF-2020R1F1A1069853) 
funded by the Ministry of Science and ICT (MIST), and 
supported by Research institute for Convergence of biomed-
ical science and technology, Pusan National University 
Yangsan Hospital (20-2021-007). Computational resources 
were supported by the Korea Institute of Science and Tech-
nology Information (KISTI) (KSC-2021-CRE-0065). 

 

Airflow and Pressure Distribution in Cement Dust 
Exposed Subjects vs. Normal Subjects via Compu-
tational Fluid Dynamics* 1, Nguyen Quoc 
Hung1, 1; 1Kyungpook National University 
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Visceral perfusion and impact of different cannula-
tion methods on aortic dissection: Comparison of 
4D Flow MRI experiment and FSI simulation* 
Gyu-Han Lee1, Woon Heo2, Youngjin Lee1, Tae-Hoon Kim2, 
Suk-Won Song2, Hojin Ha1; 1Kangwon National University, 
2Gangnam Severance Hospital 

Aortic dissection (AD) is a situation initiated by an intimal 
tear in the aortic wall. Hemodynamics in AD is closely asso-
ciated with the risk of aortic aneurysm, coarctation, rupture, 
hypertension, and malperfusion. Altered blood flow in pa-
tients with AD can lead to severe complications such as vis-
ceral malperfusion. In this study, we aimed to investigate the 
effect of cannulation flow on hemodynamics in patients with 
AD using four-dimensional flow magnetic resonance imag-
ing (4D flow MRI) experiment and fluid-structure interaction 
(FSI) simulation. We developed a specific-idealized AD 
model including intimal tear on descending thoracic aorta. 
Two different cannulation methods were tested: 1) Axillary 
cannulation (AC) only through the brachiocephalic trunk, 
and 2) combined axillary and femoral cannulation (AFC) 
through the brachiocephalic trunk and the right common iliac 
artery. In AC, the true lumen collapsed in both 4D flow MRI 
and FSI, and the collapse of true lumen occurred more sig-
nificantly in the 4D flow MRI experiment. The pressure 
difference between true lumen and false lumen was con-
firmed via FSI, and this pressure difference collapses the true 
lumen, disturbing blood flow to the celiac and superior mes-
enteric arteries. However, in the AFC, the pressure levels 
between the two lumens were similar, no collapse occurred, 
and the visceral flow was increased compared to that in the 
AC. Lastly, the collapse of true lumen was affected by the 
cannulation flow rate and also stiffness of the intimal flap. 

*      
. 
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Meniscus formed on thin film structures* 1; 
1Konkuk University 
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Capillary rise with evaporation in an open channel* 
1, 2, 1; 1Department of Mechanical 

Engineering, Seoul National University, 2 School of Engi-
neering and Applied Sciences, Harvard University 
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A computational fluid dynamics study for develop-
ment of dynamic control on a needle-free jet injec-
tion system* Abdul Mohizin1, 1; 1Kookmin Uni-
versity 

A high-speed microjet generated by a needle-free jet injector 
(NFJI) can penetrate the skin barrier and deliver required 
quantity of drug to a targeted layer in the skin matrix. An 
NFJI system accomplishes this by transforming the pressure 
inside the injection chamber into high speed microjet by the 
aid of a micronozzle. At present, majority of the commer-
cially available NFJI devices uses mechanically powered 
methods to create the pressure inside the injection chamber. 
Even though these systems can create the necessary energy 
to penetrate and deliver the drug to a targeted layer, they 
have a critical drawback; which is the dynamic control of the 
injected drug. Electrically actuated mechanism is needed for 
achieving dynamic control, but at present the challenges 
associated with electrically actuated systems to generate high 
velocity microjets limit its applicability. A novel system is 

proposed in the present study, which utilizes the energy as-
sociated with a mechanically NFJI actuated system and pos-
sesses the ability of an electrical system for dynamic control. 
Dynamic control in the present system is achieved by dy-
namic nozzle geometry control by an electrically actuated 
control-pin. In an NFJI system, the propelled jet characteris-
tics is a function of the nozzle diameter and therefore by 
having dynamic nozzle diameter control can create the re-
quired dynamic control for injection. Herein, a computation-
al fluid dynamics model is presented which shows the feasi-
bility of such a system. The presented model confirmed the 
versatility of the proposed system to produce varying injec-
tions profiles and can be utilized in creating an effective 
injection device for deeper and shallow penetration applica-
tions 

*   ( )   
    

(NRF-2019R1A2C2088973).  

 

Residue-free acoustofluidic manipulation of micro-
particles via re-moval of microchannel anechoic 
corner* Muhammad Soban Khan,1 Jinsoo Park1; 1Chonnam 
National University 

Microchannel anechoic corner (MAC), a region with weak 
acoustic waves intensity, is formed in a rectangular micro-
channel of cross-type acoustofluidic devices, where travel-
ling surface acoustic waves (TSAWs) propagating perpen-
dicular to the flow direction refract into the microchannel at 
a Rayleigh angle. Due to the absence of a strong acoustic 
field within the MAC, the microparticles flowing adjacent to 
the microchannel wall remain unaffected by a direct 
TSAW-induced acoustic radiation force (ARF). Moreover, an 
acoustic steaming flow (ASF) vortex produced within the 
MAC pulls the particles further into the corner and away 
from the direct ARF influence. Therefore, a residue of parti-
cles continues to flow past the TSAWs without intended 
deflection, causing a decrease in microparticle recovery rate. 
In this work, we introduce a cross-type acoustofluidic device 
composed of a half-circular microchannel, fabricated through 
a thermal reflow of a positive photoresist mold, to overcome 
the limitations associated with rectangular microchannels, 
prone to the MAC formation. We investigated the effect of 
different microchannel cross-sectional shapes with varying 
contact angles on the microparticle deflection in a continues 
flow and found three distinct regimes of particle deflection. 
By systematically removing the MAC out of the microchan-
nel cross-section, we achieved a residue-free microparticle 
deflection via TSAW-induced ARF inside a half-circular 
microchannel. The proposed method was applied to efficient 
fluorescent coating of the microparticles without any residue 
particles left undeflected in the MAC. 

*   ( )   
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Acoustofluidic separation of microscale droplets by 
surface acoustic wave-induced acoustic radiation 
force* Mushtaq Ali and Jinsoo Park1; 1Chonnam National 
University 

In droplet-based microfluidic platforms, precise separation of 
droplets of different kinds is a fundamental unit operation in 
numerous applications including cell sorting, single-cell 
analysis, and high-throughput screening. A variety of droplet 
sorting methods have been proposed, in which droplets of 
single kind are translocated. However, there has been less 
effort in developing techniques to separate multiple kinds of 
droplets, especially of the same droplet volume. Most previ-
ous droplet sorting or separation methods require fluorescent, 
magnetic, or electrical labeling on target droplets and largely 
depend on upstream detection of the droplets, and 
on-demand application of external force fields. The need for 
label-free, detection-free, and continuous microfluidic sepa-
ration of droplets based on their intrinsic properties is still 
unmet. In this study, we propose an acoustofluidic method to 
separate microscale droplets of different kinds using travel-
ling surface acoustic wave (SAW)-induced acoustic radiation 
force (ARF). When droplets composed of two immiscible 
fluids are exposed to a SAW-induced acoustic field, the 
droplets experience the SAW-induced ARF due to inhomo-
geneous wave scattering off the droplets due to acoustic im-
pedance contrast across the droplet interface. The proposed 
cross-type acoustofluidic device, where the SAWs propagate 
in the perpendicular direction to the flow, composed of a 
slanted-finger interdigital transducer patterned on a piezoe-
lectric substrate and a polydimethylsiloxane microchannel. 
For extensive investigation on ARF acting on both cylindri-
cal and spherical droplets, we first performed a set of droplet 
sorting experiments under varying conditions of acoustic 
impedance of the dispersed phase fluid, droplet velocity, and 
SAW amplitude. Besides, for better insight into the underly-
ing physics, a new dimensionless number of ARD was intro-
duced and designated, which is defined as the ratio of ARF to 
the drag force acting on the droplets. The experimental re-
sults were comparatively analyzed using a ray acoustics ap-
proach for theoretical estimation of ARF acting on the drop-
lets and found to be in good agreement with the ray acoustic 
model.  Based on the findings, we demonstrated that mi-
croscale droplets of the same volume but different acoustic 
impedance or velocity can be separated under continuous 
application of the SAW-induced acoustic field in a label-free 
and detection-free manner. Insomuch as on-chip, precise 
separation of multiple kinds of droplets within a microfluidic 
chip is critical in many droplet microfluidic applications, the 
proposed acoustofluidic approach will provide new prospects 
for microscale droplet separation.   

*   ( )   
 (Nos. 2020R1F1A1048611 & 

2020R1A5A8018367)   
   

   . 

 

Performance evaluation study of an integrated mi-
crofluidic system developed for monitoring pa-

 Jakir Hossain Imran1, 1; 
1Kookmin University 

Human immunodeficiency virus (HIV), a part of the retrovi-
rus family, works as the causative agent of Immunodefi-
ciency syndrome (AIDS). HIV invades different immune 
cells, such as CD4+ T cells and monocytes, causing a reduc-
tion of the number of CD4+ T cells below its critical thresh-
old, and the loss of cell-mediated immunity. Therefore, the 
human body gets continuously more prone to opportunistic 
infections and cancer. Deployment of point-of-care device 
for screening or self-monitoring applications is an effective 
approach of combating infectious diseases. However, devel-
oping an automated microfluidic immunity testing device, 
typically requires a difficult and time-consuming robotic 
fluid handling approach, which is both costly and impracti-
cable. In this study, we have demonstrated an integrated 
microfluidic system where sample loading, sample mixing 
and sample scanning can be done automatically. A 3D print-
ed sample cartridge module was designed, where 40 μl of 
blood sample can be collected to perform the immunity test. 
In this system, sample mixing was carried out by bidirec-
tional motor rotation which agitates the sample in a chaotic 
manner, that provides a rapid mixing of antibody with blood 
sample and enhances the antibody-antigen reaction efficien-
cy compared with the conventional diffusion based mixing 
method. A wide-field fluorescence imagining system was 
also developed to have a large field of view so that a large 
area of the sample cartridge can be scanned to have an accu-
rate cell counting. Herein we have done a feasibility study of 
our integrated system to evaluate the sample mixing perfor-
mance and cell counting accuracy with wide field of view 
optical imaging system. The developed integrated system can 
provide a rapid sample mixing with a reasonable accuracy of 
cell counting performance for monitoring patient’s immuni-
ty.  
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Acoustic streaming-driven mixing in a vertical-type 
acousto-microfluidic device* 1, 1*; 



 

1Chonnam National University, Department of mechanical 
engineering 

In microfluidics, homogeneous sample mixing in micro-
channel is essential to perform various applications including 
biochemical assays and nanoparticle synthesis. The inherent 
limitation of the quiescent flow conditions at low Reynolds 
number, however, causes mixing challenges in the micro-
channel. In this research, we present rapid and efficient mi-
crofluidic mixing by introducing a vertical-type ultra-
sound-induced method. A straight interdigital transducer 
(IDT) is placed beneath the polydimethylsiloxane (PDMS) 
microfluidic channel, so that ultrasound energy is directly 
transferred to the flow in microchannel inducing acoustic 
streaming flow (ASF). Here the proposed platform takes 
advantage of high ultrasound electrical power efficiency 
because of few attenuation losses by other substrates. We 
numerically simulated the ASF by computational fluid dy-
namics (CFD) using COMSOL Multiphysics and experi-
mentally visualized crosse section-view of fluid stream via 
prism embedded in microchannel. We believe the proposed 
vertical-type ultrasound-induced microfluidic mixing plat-
form can be utilized for a various of applications in micro-
fluidics field. 

*This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIT) (No. 2020R1A5A8018367), a grant of the Korea 
Health Technology R&D Project through the Korea Health 
Industry Development In-stitute (KHIDI), funded by the 
Ministry of Health & Welfare, Re-public of Korea (grant 
number: HI19C0642), and Nanomedical Devices Develop-
ment Project of NNFC (CSM2101M001). 

 

Shape-based separation of microparticles using 
viscoelastic inertial microfluidic* 1, 1; 
1Chonnam National University 
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Modeling of Inertial-induced Microfluidic Flow 
Switch in the Form of Interlocking Modular Block* 

, ; Chonnam National University 
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Large-scale Production of Amphiphilic Magnetic 
Janus Particle with 3D Printed Parallelized Micro-
fluidic Device for Oil Remediation* 1, 

1, 2, 1; 1School of Mechanical En-
gineering, Sungkyunkwan University 
2School of Mechanical Engineering, Korea University 

Janus Particles (JPs) based on droplet microfluidics has been 
widely investigated in recent years. The anisotropic shape 
and two or more phases possessed in a single particle make 
them special. Specially, in case of amphiphilic Janus particle, 
they can be adsorbed to the water/oil interface and stabilize it. 
Therefore, they have great potential for oil recovery and 
remediation. However, complicated processes and slow pro-
duction rate of conventional microfluidic devices prevent the 
transition of JPs to the practical applications over laboratory 
environment. To solve this problem, we fabricate 3D printed 
parallelized microfluidic droplet generator and produce Am-
phiphilic Magnetic Janus Particle (AMJPs). This device has 
10 droplet generation junctions and can be multiplexed 
thanks to its modularized connectors. This allowed us to 
boost the production rate 10 to 40 times higher than a single 
device, while maintaining the size dispersity. Then, we prove 
that AMJPs can be adsorbed to oil-water interface and form 
stable Pickering emulsions. Finally, we investigated the abil-
ity of AMJPs to form o/w Pickering emulsion regardless of 
oil type, viscosity, water pH and ion concentration. It is ex-
pected that AMJPs would be an effective, eco-friend and 
versatile remediation material for oil adsorption and recov-
ery. 

*This work was supported by Basic Science Research Pro-
gram through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education 
(NRF2021R1A6A1A03039696), the Ministry of Science, 
ICT & Future Planning (NRF2020R1A2C3010568) and the 
Bio & Medical Technology Development Program of the 
National Research Foundation (NRF) & funded by the Ko-
rean government (MSIT) (No. NRF-2021M3A9I4021220).  
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3D motion analysis of particulate matter on hairy 
plant leaves using digital in-line holographic mi-



 

croscopy* JIHWAN KIM1, SANG JOON LEE1; 
1Department of Mechanical Engineering, Pohang University 
of Science and Technology (POSTECH) 

Airborne particulate matter (PM) is a global environmental 
issue. PM removal effects of various plant species have been 
widely studied. For example, the plant leaves with high tri-
chome density and thick wax layers exhibit good PM remov-
al efficiency. However, most of the previous studies are 
based on the statistical analysis of the amount of PM deposi-
tion on the plant leaves. Therefore, the mechanism of PM 
removal effects by various plants has not been investigated 
enough. In this study, a digital in-line holographic micros-
copy technique was adopted to analyze the 3D motions of 
PMs on hairy plant leaves. The leaves of Perilla frutescens 
and Capsicum annuum were used as test samples. Thereafter, 
the surface properties of two plant species were investigated 
to understand the PM removal mechanism of hairy structures 
on plant leaves. As a result, the settling motion of PMs on 
plant leaves was found to be affected by the surface charge 
density and hairiness of leaves. 

 

      
 * 1, # 2, 1,2 Seoul National 

University of Science and Technology 
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Investigation of the effect of pH and surfactant on 
nanobubbles properties* 1, Ritesh Prakash2, 

1,2; 1School of Mechanical Engineering, 
Sungkyunkwan University, 2Institute of Quantum Biophysics, 
Sungkyunkwan University 

Nanobubble (NB) is well-known not only for its various 
applications but also, for its incredible stability in bulk solu-
tions. For example, in pure water, NB can exist more than 
two months. Yet, few studies were conducted about NB’s 
characteristics in various media. In this study, we generated 
the NBs in acidic solutions, basic solutions, and solutions 
with cationic, anionic, and non-ionic surfactants. Then, the 
properties (Zeta potential, average diameter, concentration, 
and bubble size distribution) of NBs were investigated by 
using NTA and ELS instruments. Thereafter, changes in av-
erage diameter and concentration of the NBs over time were 
observed to analyze the long-term stability of the NBs in 
various media. Finally, DLVO theory was applied to interpret 
the stability of the NBs. This work will contribute to the 
progress of the NBs research.  

*   ( )    
    (No. 

NRF2021R1A6A1A03039696). ,   
( )     
   (No. 2020R1A2C3010568).  
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Anisotropic alginate hydrogel functionalized with 
fast water transport and anti-salt fouling effect* 

1, 1; 1Pohang University of Science and 
Technology 

A hydrogel is a polymer-crosslinked semisolid structure. 
More than 90% of the structure is made up of water, and the 
polymer skeleton is interconnected. This adjustable building 
block comes in a wide range of porosity. The unidirectional 
channel in an isotropic hydrogel dramatically enhances mass 
transfer and allows for a variety of applications. The aniso-
tropic hydrogel can be utilized as a membrane in a seawater 

desalination technology that uses as interfacial solar steam 
generation. Evaporation occurs at the interface when the 
hydrogel membrane is in contact with saltwater under sun-
light radiation, and water is drawn up by capillary force. For 
measurement, we used solar simulator to irradiate AM1.5G 
spectra and measured pressure drop to check the permeability, 
Therefore, as the permeability increases, the anisotropic hy-
drogel membrane could maximize the water transport rate 
and salt ions in seawater are deionized due to the inherent 
characteristics of hydrogel. This can keep water con-
tent inside of hydrogel, and reject salt accmulation. These 
results imply to enhance solar desalination performances and 
keep operation in long-term. Through this utilization, the 
anisotropic hydrogel as a membrane can be used for ISSG 
seawater desalination technology functionalized with water 
transport and salt rejection.  
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Investigation of contact line motion of EGaIn with 
surface oxide* Sangyun Jung1, Jongwon Lee1, Sejin Choi1, 
Wonjung Kim1; 1Sogang University 

Eutectic gallium-indium (EGaIn) are attracting growing at-
tention in various engineering fields thanks to their combined 
properties of fluidity and high electrical conductivity. EGaIn 
has an oxide skin in the atmosphere with nanometer thick-
ness, and the oxide skin results in unique interfacial behav-
iors. Although the oxide skin is a key factor for controlling 
the motions of EGaIn at a microscale, the interfacial physics 
of EGaIn has been little explored. Here, we present the re-
sults of investigation of the contact angle of EGaIn with the 
oxide skin. Our experiments show that while the equilibrium 
and static receding contact angles cannot be defined, a spe-
cific static advancing contact angle is observed in EGaIn 
motion. We then develop a mathematical model for the static 
advancing contact angle of EGaIn. Our study provides new 
insights into the manufacturing techniques of EGaIn. 

*This work was supported by a grant of the National Re-
search Foundation of Korea (NRF) funded by the Ministry of 
Science and ICT (grant no. 2021R1A2C2011279), Republic 
of Korea. 

 

Multi-stimuli responsive tip-growing liquid robot 
based on polymer precipitation* 1, 1, 

2, 3, 2, 1; 1Department of 
Mechanical Engineering, Seoul National University, 
2Department of Materials Science and Engineering, Seoul 
National University, 3Department of Mechanical Engineering, 



 

Gachon University 

Equipped with the ability to sense and respond to external 
stimuli, living organisms adapt to the surrounding environ-
ments. Implementing this adaptability will greatly enhance 
the functionality of an artificial system. Inspired by tip 
growth schemes of pollen tubes and fungal hyphae, we 
demonstrate a multi-stimuli-responsive tip-growing liquid 
robot that can grow while sensing and responding to multiple 
external stimuli. We provide a theoretical framework to pre-
dict the size and the velocity of growing precipitates, and 
demonstrate its capability of sensing the directions of gravity, 
mechanical contact, and light. Exploiting the embedded 
physical intelligence of sensing and responding to external 
stimuli, our growing robot achieves multiple tasks including 
printing 3D structures in a confined space, bypassing me-
chanical obstacles, and shielded transport of liquids within 
water. 

*This work was supported by National Research Foundation 
of Korea (Grant Nos. 2018052541, 2021M3F7A1017476).. 

 

      
* 1, 1, 2, 3, 
1; 1Sungkyunkwan University, 2Korea Institute of 

Science and Technology, 3Korea University 
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*This research was supported by Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education 
(NRF2021R1A6A1A03039696) and the Ministry of Science, 
ICT & Future Planning (NRF2020R1A2C3010568) and was 
supported by a grant of the Korea Health Technology R&D 
Project through the Korea Health Industry Development 
Institute (KHIDI), funded by the Ministry of Health & Wel-
fare, Republic of Korea (HI20C0629).  

 

Designing Durable Lubricant Infused Surfaces: 
From Understanding of Fluids and Nanostruc-
tures* 1; 1Hanyang University 
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Variation of Drag Coefficient under the Viscoelastic 
Effects in Steady Flow Regime* Ali Minaeian1, Farshid 
Goudarzian1, Seokjin Park1, Dong Kim2, Kyung Chun Kim 1; 

1 Pusan National University, 2 University of Ulsan

Fluid flow around a cylinder is a fundamental problem in 
fluid mechanics, which continues to be addressed in theoret-
ical problems and industrial processes. One of the most im-
portant subjects in this problem is the drag reduction in 
non-Newtonian fluids, which is reported in many papers. 
However, Xiong et al. presented a drag enhancement in some 
regimes of an Oldroyd-B fluid, which was reported in some 
other researches. But most of these studies were related to 
dilute polymer solutions. In this study, PTT model is used to 
study the effect of viscoelasticity on drag variations in the 
flow around a circular cylinder in different elasticity num-
bers and at a high concentration ratio.

* This work was supported by the National Research Foun-
dation of Korea (NRF) grant, which is funded by the Korean 
government (MSIT) (No. 2021R1A2C2012469). 

Drag reduction of fatty acid amide (FAA)-based 
oleogel surface under shear flows* Ali Zain Hameed1, 
Sang Joon Lee1*; 1Pohang University of Science and Tech-
nology

Skin-friction drag of marine vehicles accounts for 60-80% of 
its   operational expenses. Thus, marine voyages have 
made a demand upon sustainable surface for frictional drag 
reduction of marine vehicles. Nepenthes pitcher-inspired 
liquid-infused surface (LIS) was introduced a decade ago as 
a potential solution to this long thriving problem. However, 
the highly turbulent flows of the ocean make LIS difficult to 
come up with the shear-stable drag-reducing requirement, 
because the lubricant impregnated in LIS is prone to deple-
tion under shear flow conditions. In a previous study of our 
group, the anti-biofouling    potential of erucamide-PDMS 
composite (EPC) oleogel surface was demonstrated. Howev-
er, the EPC oleogel showed unstable slippery performance 
under shear flows. In this study, the EPC surface is   modi-
fied by incorporating inorganic nanomaterials called an-
ti-blocking agents to reduce the surface depletion of 
erucamide molecules. The surface is further modified with 
silica nano-composite coating to  induce a capillary effect 
for adhering to the lubricant film. The resultant oleogel sur-
face exhibits excellent surface wettability, strong retention of 
lubricant film, and a stable drag reduction performance under 
highly shear flow conditions.

*This research was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korean 
government (MSIT) [NRF-2019M3C1B7025088].

A new nature-inspired slippery surface for sustain-
able turbulent drag reduction* Haenyeok Kim1, Sang 
Joon Lee1; 1Department of Mechanical Engineering, Pohang 
University of Science and Technology, Pohang, Korea



 

 Reducing the hydrodynamic friction drag on marine vehi-
cles can bring large benefits in both environmental and eco-
nomic manner. Liquid repelling surface technologies, such as 
lubricant-infused surface (LIS) and superhydrophobic sur-
face (SHS), are the promising candidates to achieve this goal. 
However, conventional liquid repelling surfaces suffer from 
losing its low-friction ability by external forces including 
flow-induced shear forces. When LIS and SHS are exposed 
to high speed flow, they lost their entrapped lubricant and air 
plastron, respectively. Improving the robustness of the en-
trapped fluids against the external shearing flow is essential-
ly needed to realize a sustainable drag reduction in real tur-
bulent environment. In this study, we fabricated a marine 
creature-inspired low-friction surface containing lubricant 
infused-micro spherical cavities. The unique structures in-
spired from the mucus retaining strategy of the marine crea-
tures can hold the infused lubricant effectively under harsh 
flow condition. As a result, the new nature-inspired surface 
achieved a large drag reduction rate in turbulent flow condi-
tion which is similar to that for cruising marine vessel. 

* This research was supported by National Research Founda-
tion of Korea (NRF) grant funded by the Korea government 
(MSIT) [NRF-2019M3C1B7025088]. 
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Parameteric study on vortex core growth using ro-
tor free-wake method* 1, 1, 1; 
1Konkuk University 
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Triple decomposition on wake flow of circular cyl-
inder* 1, 1; 1Seoul National University 

Reynolds decomposition is a statistical methodology for 
turbulence analysis, which decomposes hydrodynamic varia-
bles, typically velocity, into an average component and a 
fluctuation component. If an obstacle exists in the flow, 
however, there are large eddies in the flow and a coherent 
structure is developed, which is distinct from the turbulent 

fluctuations. In this case, Reynolds decomposition regard the 
wave component of coherent structure as the turbulent fluc-
tuation, which results in overestimation of turbulence inten-
sity. As an alternative to this, a triple decomposition method 
that decomposes a variable into an average component, a 
wave component, and a fluctuation component has been 
proposed. The triple decomposition has been used in various 
studies as it makes it possible to extract coherent structures 
in the flow. The present work aims to extract the coherent 
structure from the cylinder wake and analyze the properties 
of the coherent structures. For this objective, we measured 
two-component velocity fields of cylinder wake on horizon-
tal plane using particle image velocimetry (PIV). Then we 
applied triple decomposition to extract the coherent structure 
using proper orthogonal decomposition (POD), which is one 
of the widely used methodologies for triple decomposition. 
As a result, the coherent structure was observed at the first 
two modes, in the form of wake propagating like a wave. We 
postulated this component as the wave component of triple 
decomposition, and it was confirmed that the natural fre-
quency of the cylinder wake is well conserved in that com-
ponent. In order to see the energy budget of coherent struc-
ture, we derived the energy equation with triple decomposi-
tion and compared several significant components of energy 
equation. 

*   2021  ( )  
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Study on effect of supplied negative pressure for 
residual vibration in piezoelectric inkjet printing* 

1, 1, 1 1; 1  
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Development of artificial*cardiovascular system 
using spray nozzle 1, 1; 1Kangwon Na-
tional University 
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Quantification of Abnormal Coronary based on 
Probabilistic Deep Learning from Physiological and 
Geometrical Features of Stenotic Lesion* Nghia 
Nguyen-Ho1, Kwan Yong Lee2, Sang-Wook Lee1; 
1University of Ulsan, 2The Catholic University of Korea 

We introduce a deep learning approach to rapidly assess the 
quality of coronary lesion: clinical information is fed into 
fully connected neural networks (FcNN), and simultaneously, 
convolution neural networks are applied to extract geomet-
rical characteristics from angiography images of the coronary, 
then, these features are connected to regress fractional flow 
reserve (FFR) - a gold standard index for detecting myocar-
dial ischemia. In this work, we employed a powerful proba-
bilistic principle: the maximum likelihood (MaxLike) to 
perform regression for FFR. By defining the normal and the 
beta distribution for the FFR values, we tuned the parameters 
of the regression model for which the likelihood to estimate 
the ground truth FFR values. The proposed model was tested 
on 764 patient data with 5-fold cross-validation and evaluat-
ed in terms of mean square error (MSE) and negative likeli-
hood (NLL) to find the appropriate distribution for FFR. The 
shape of the beta distribution can variate between positive to 
negative skewness distribution, whereas the shape of the 
normal distribution is a fixed symmetrical distribution. Re-
sults showed that compared to the normal distribution, the 
beta distribution is more suitable, from a probabilistic point 
of view, to observe real FFR values. The confusion matrix, 
which reports the performance of the model to estimate crit-
ical FFR values (lower than 0.8), showed that the accuracy 
by the beta distribution is similar to the normal distribution, 
84% and 85%, respectively. However, the R2 score obtained 
by the beta distribution is higher than the normal distribution 
(0.33 and 0.26, respectively). 

*This research was supported by Basic Science Research 
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Analysis of 3D orientation of red blood cells using 
digital in-line holographic microscopy* 

YOUNGDO KIM1, SANG JOON LEE1; 1Department of 
Mechanical Engineering, Pohang University of Science and 
Technology (POSTECH) 

Conventional methods for measuring 3D orientation of red 
blood cells (RBCs) require expensive experimental setup and 
complicated analysis procedures. To overcome these limita-
tions, we developed an image-based measurement method to 
measure 3D location and orientation of a single RBC by 
using digital in-line holographic microscopy (DIHM) and 
deep learning algorithm. DIHM has been widely utilized to 
investigate 3D dynamic motions of biological cells. RBCs 

were immobilized in a solidified polydimethylsiloxane 
(PDMS) after formaldehyde fixation. Thereafter, the pre-
pared PDMS-trapped RBC sample was fixed on a translation 
and rotational stage to precisely control the 3D location and 
orientation of the RBC samples. DIHM technique was uti-
lized to acquire holograms of the PDMS-trapped RBCs ac-
cording to various orientation angles. The acquired holo-
grams of RBCs and their corresponding orientation angles 
were then used to train a deep learning algorithm. As a result, 
the orientational information of each single RBC can be 
speedily predicted from the recorded hologram without com-
plicated post-image processing routines. The proposed 
measurement technique would be utilized for real-time dy-
namic analysis of 3D irregular motion of biconcave-shaped 
RBCs flowing through a conduit. 

 

Improvement of the air-conditioning characteristics 
after septoplasty* Younji Kim1, Yong Gi Jung2, Yang Na1; 
1Dept. of Mechanical Eng., Konkuk University, 2Dept. of 
Otolaryngology: Head and Neck Surgery, Samsung Medical 
Center, Sungkyunkwan University., School of Medicine 

Nasal airway obstruction (NAO) is a commonly observed 
disorder in patients with nasal septal deviation. When the 
degree of deviation is severe, a surgical procedure, septo-
turbinoplasty, is considered to correct this defect. Since the 
nasal surgery involves an anatomical change, prediction of 
physiological outcome of the surgery would be important. 
The present study is to identify physiologically important 
objective variables that are associated with the improvement 
of the subjective patency. Changes in airflow and 
air-conditioning characteristics as well as in the nasal ob-
struction symptom evaluation scale were investigated pre- 
and post-operatively. Correlations between the objective 
variables obtained from numerical simulations and the pa-
tient-reported subjective symptoms were also investigated. 
Improvement in patient’s subjective perception was found to 
be well-correlated with the improvement in unilateral nasal 
resistance and the surface heat flux in the more obstructed 
side defined pre-operatively. Also, the region from the poste-
rior to the vestibule to the choanae was important in terms of 
surface heat flux. The present results suggest that the objec-
tive measure that is associated with the subjective patency is 
multi-factorial. 
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Limiting strategy of alignment constraint in 
GC-LSM in 2D flow* 1, 1, 1, 

2, 1; 1Seoul University, 2Agency for Defense 
Development 
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Wake analysis of tidal turbine using a large water 
circulation channel* 1, 1, 1, 

2, 1; 1 , 
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Deep-Reinforcement-Learning-Based Wind Farm 
Control Method for Maximum Energy Production* 

1, 1, 1, 1; 1 Pohang University 
of Science and Technology 
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Analysis of newly designed silencer to reduce ex-
haust noise in pneumatic artificial muscles* 

Minhyeong Ahn1, Seung Yeol Lee3, Jihoon Kim1, Dongjun 
Shin3, Jaiyoung Ryu1,2; 1Department of Mechanical Engi-
neering, Chung-Ang University, 2Department of Intelligent 
Energy and Industry, Chung-Ang University, 2Department of 
Mechanical Engineering, Yonsei University 

Pneumatic artificial muscles are safe actuators and have ad-
vantages such as high load-to-weight ratio variable installa-

tion possibilities, but large operating noises due to com-
pressed air occur. Due to the nature of the actuator used for 
rehabilitation or activity assistance, loud noise causes various 
problems. Therefore, it is important to control exhaust noise 
caused by compressed air, and in this study, a newly de-
signed silencer with an air slit is being studied. The air slits 
are designed to bio-mimick the respiration method of shark 
gills. The experiment was conducted to analyze the noise 
according to the geometric parameters and inner foam mate-
rial by the pressure drop from the initial pressure of the air 
compressor of 7 bar to the final pressure of 4 bar. Exhaust 
noise was measured at three angles at a distance of 0.8 m 
from the noise source. When the shark gill bio-mimick si-
lencer was installed, the noise was reduced by about 22dB 
compared to the state without anything installed, which is a 
level that the actuator can be used in everyday life without 
any inconvenience caused by noise. 
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Experimental investigation of flexible structures on 
the flow in the curved and tapered channel* 

1, 1, 2, 1; 1Soonchunhyang 
University, 2Kangwon National University 
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Experimental Study on the Effect of Velocity Dis-
tribution by Accelerating Surface Flow in a Circu-
lating Water Channel 1, 1, 1, 

1, 1; 1  
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Analysis of the Unsteadiness of Shock-Induced 
Boundary-Layer Separation by Utilizing 
High-Speed Schlieren Images* 1, 1, 

1,  2; 1Korea Aerospace University; 2Korea 
Aerospace University, corresponding author  
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Study of the Relationship of Nondimensional Parameters 
Associated with the Flow Characteristics of the Super-
sonic Fluidic Oscillator* 1, 1,  1; 
1Korea Aerospace University  
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Unsteadiness of the Characteristics of the Fluid-
ic-Oscillator Control of Shock-Induced Boundary-Layer 
Separation* 1, 1, 1  2 1Korea 
Aerospace University, 2Korea Aerospace University, corre-
sponding author 
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Airflow Control in Dairy Cattle Building for Gase-
ous Material Reduction , ; Chonnam 
National University 
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Deep reinforcement learning for active flow control 
using plasma actuators Paraskovia Kolesova1, Mustafa Z. 
Yousif1, Hee-Chang Lim1; 1Pusan National University 

Numerical simulation of the flow around a square cylinder 
controlled by plasma actuators is studied with the aim to 
investigate the effect of plasma actuators on two-dimensional 
vortex shedding on the wake, which would finally achieve 
the drag reduction around the body. Regarding this issue, 
there have been two primary methods to control the flow, 
namely, passive and active control. This study focuses on the 
plasma actuator, one of the active flow control methods. The 
principle of the work of plasma actuators is to use the dielec-
tric barrier discharge (DBD) between two electrodes operat-
ed by high alternative AC voltage as an input to the elec-

trodes. In terms of modeling DBD, we used a simplified 
Suzen model (2007) to capture the ionization effects of the 
plasma actuators due to relative simplicity and ability to 
mimic the time-averaged effects of a DBD actuator on the 
ambient fluid. The Reynolds number based on the freestream 
velocity and the cylinder diameter is ReD = 100. DNS (Direct 
Numerical Simulation) is performed to simulate the flow 
around the body and the open-source finite volume code 
OpenFOAM-6.0x is utilized for the simulation. Deep rein-
forcement learning (DRL) has shown a promising outcome 
in terms of the active control of two-dimensional square 
cylinder flow using two small jets. Unlike the traditional 
supervised and unsupervised methods, deep reinforcement 
learning (DRL) considers an agent that tries to learn through 
the feedback of a reward function. The control strategy in 
this study is based on regulating the amplitude of the sup-
plied AC voltage to the plasma actuators, hence the body 
force can be regulated and affect the flow. It can be observed 
that the current DRL model would be able to impose the 
optimum excitation amplitude of AC voltage, which can 
reduce the drag coefficient by a factor of 94% and eliminate 
the lift force on the flow completely. 
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A Study on the Novel Characteristic Parameter for 
Prediction of Air-Driven Fan Efficiency* 1, 

1; 1Intelligent Mechatronics Research Center, Korea 
Electronics Technology Institute 
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A Study on the Blower's Performance Map based 
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Computational Fluid Dynamics Validation of In-
verted-type Cross-Flow Turbine SANGWOO HAM1, 
HOJIN HA1; 1Kangwon National University 

Most previous studies carried out the computational fluid 
dynamics based parametric study to improve the cross-flow 
turbine efficiency. They compared the real turbine's best 
efficiency point with several geometrical variations. Howev-
er, micro hydraulic power(less than 100kW) with a low 
head(less than 10m) needs full-ranged turbine performance 
validation, not only the best efficiency caused by the energy 
source's flexibility. For that reason, in this study, the 
full-ranged performance validation of the cross-flow turbine 
was performed by steady state analysis with ANSYS CFX. 
The turbine's original geometry was a 20kW class invert-
ed-cross flow turbine developed in 2021 with Our research 
team. And it was simplified to quasi-2d to save computing 
power, and it was constructed with four parts, Nozzle, Ring, 
Runner, and Housing. The number of total elements was 
237,904, and desired Y^+ was 5. The CFD analysis parame-
ters were 0 to 14m/s of nozzle inlet velocity(same as 0 to 
10m head) and 0 to 250RPM turbine runner rotational speed. 
For the full-ranged turbine characteristic chart, we divide 
low and ultra-low head sections, and find out the 20kW point 
and best efficiency points with every head. Based on these 
results, we discuss the optimal drive plan between the ul-
tra-low head(less than 3m), 6m low head, with 10m low head 
point. 

 

The influence of inlet flow direction on the internal 
flow characteristics in an axial-flow pump* Duc Anh 
Nguyen1, 2, Sang-Bum Ma2, Sung Kim2 and Jin-Hyuk Kim1, 2; 
1Convergence Manufacturing System Engineering (Green Pro-
cess and Energy System Engineering), University of Science & 
Technology, 217, Gajeong-ro, Yuseong-gu, Deajeon, 34113, Re-
public of Korea, 2 Carbon Neutral Technology R&D Department, 
Korea Institute of Industrial Technology, 89 Yangdaegiro-gil, 
Ipjang-myeon, Seobuk-gu, Cheonan-si, Chungcheongnam-do, 
31056, Republic of Korea 

An axial-flow pump is a type of pump belonging to the 
group of kinetic pumps, which play an important role in 
agriculture, irrigation, water supply and drainage in factories, 
urban areas, etc., with the ability to create large flow at high 
efficiency. In fact, the inlet flow greatly affects the hydraulic 
performance of the pump such as vortex, cavitation, direction 
of the flow, etc. However, simulation often ignores the direc-
tion of the inlet flow, which leads to differences in simulation 
and experimental results. Therefore, in this study, the inlet 
flow directions are investigated in detail for the axial-flow 
pump to evaluate their influence on the hydraulic perfor-
mance. Numerical simulations were performed using the 
three-dimensional Reynolds-averaged Navier-Stokes equa-
tions and a shear stress transport reattachment modification 
turbulence model. The structure of the grid was modeled on a 
hexahedral mesh with a small y+ value at all walls. In this 
study, five inlet flow directions are investigated carefully at 
design point as well as off-design point (0%, 5%, 10%, 15%, 
and 30% pre-swirl). Internal flow characteristics including 
contours and streamline are specifically assessed and ana-
lyzed. Based on hydraulic performance curves, the pressure 
head does not change much among cases. At design point, 
the highest performance is achieved at 5% pre-swirl and the 
efficiency mainly changes at high flow rate conditions. 

This work was supported by Korea Institute of Energy 
Technology Evaluation and Planning (KETEP) grant funded 
by the Korea government (MOTIE) (2021202080026A, De-
velopment of Variable Operating Technology for Medium 
and Large Size Pump) 
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Artificial Neural Network for predicting airfoil 
shape Sketch* 1, 1, 1, 1; 
1Korea Maritime and Ocean University 
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Thermo-Magnetic Flow Characteristics with Dif-
ferent Arrangements of Permanent Magnets 
Yun-Seok Choi1, Yong-Han Shin1, Hyun-Su Kang1, and 
Youn-Jea Kim2; 1 Graduate School of Mechanical Engineer-
ing, Sungkyunkwan univer sity                                                      
2 School of Mechanical Engineering, Sungkyunkwan univer-
sity 
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Microfluidic fabrication technique for development 
of 2D and 3D PDMS Patters* Thapa Mukesh1, Ryong 
Sung1, Yun Seok Heo1; 1Keimyung University 

Microfluidics in modern biomedicine can be a more potent 
tool for cell culture and various organoid formation. Howev-
er, all these applications are still restraining because of sur-
face and structural limitation. Development and validation of 
a good 3D and 2D spaces inside PDMS based patterned cre-
ates structural topology and grooves for cellular attachment. 
This would improve the efficiency of basic cell culture and 
organoid formation inside Polydimethylsiloxane-microfluidic 
chips. A short length PDMS-PDMS chip with six long obsta-
cles were prepared and different combinational (flowrate, 
time, concentration) TBAF based wet etching was conducted. 
Similarly, 3D single cell culture platforms were prepared 
using easy double layer fabrication technique where liquid 
silicon layer was spread over a rectangular patterned solid 
PDMS chip followed by forceful overlaying of liquid only 
enough to create a concave groove inside already established 
rectangular pattern.  The pattern is ready after heat bath in 
incubator at 80°c for 20 minutes. The overall etching-rate in 
our designs for completion of reaction was relative with pre-
viously conducted etching parameters. Etching method gen-
erates a good culturable wave pattern from provided channel 
to facilitate possible biological cell culture and diagnosis 
platform. We generate a proper cell culturable wave pattern 
with crisp semi-circular-groove using wet etching and a 
concave 3-dimensional cavity base chip with help of PDMS 
secondary wafer system. 

*This research was supported by grants 



 

(2020R1F1A1066348, and 2021R1A4A1032207) from the 
National Research Foundation (NRF) funded by the Korea 
government (MSIT) and a grant (HR18C0012) from the 
Korea Health Technology R&D Project through the Korea 
Health Industry Development Institute (KHIDI) funded by 
the Ministry of Health & Welfare, Republic of Korea. 

 

Micro-pattern surface morphology changes with 
controlling polymer porous evaporation* 1, 

1 2, 1; 1Sungkyunkwan University, 2 
Gyeongsang Nation University 

In recent years, solution-based printer fabrication techniques 
and industries have grown significantly. Printing techniques 
have been employed for high-resolution electronics and dis-
play applications due to their advantages of low cost, 
large-area fabrication, and extensive fabrication adaptability. 
With the rise of quantum dots in displays, research on solu-
tion-based high-resolution quantum dot printing has explod-
ed. Using electrohydrodynamic jet printing, we created 
high-resolution, flexible, and very transparent perov-
skite-polymer composite designs. We could make polymer 
composite inks to encapsulate the perovskite quantum dot to 
boost its stability and finer pattern morphologies because 
electrohydrodynamic jet printing could eject more high vis-
cosity inks than traditional inkjet printing. Our perov-
skite-polymer patterning printing techniques, we believe, 
might be broadly utilized to display applications. 
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Numerical analysis of rotor blade cooling perfor-
mance for Off-The-Ground mobility* 1, 

1; 1Korea Electronics Technology Institute 
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Study on the Topology Optimization through 
Structural Variable Analysis of Permanent Magnet 
Motor Cooling Channel* 1, 1, 

1; 1Korea Electronics Technology Institute 
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Study on Analysis of Thermal Fluid and Experi-
ment for Industrial Inverter* SUNG-DAE KIM1, 
YONGJIN KANG2, JAE SEOP RYU1, CHAE YOON BAE3,  
YOUNG GEUN KIM4; 1LS ELECTRIC, Advanced Tech-
nology Team, 2LS ELECTRIC, Automation Solution R&D 
Center, 3LS ELECTRIC, Head of New Growth Development 
R&D Unit, 4LS ELECTRIC, R&D Group (CTO) 

An Inverter is an electric device which changes direct current 
(DC) to alternating current (AC) and controls a speed of an 
electric motor by varying a voltage and frequency. Due to the 
heat generated by the inverter, a life of a capacitor can be 
reduced and a malfunction of a power semiconductor device 
can occur. In this study, numerical analysis and experiment 
were performed to analyze the thermal flow in the inverter 
for a 45kW class IGBT (Insulated Gate Bipolar Transistor), a 
diode, etc. and the results were compared. In addition, the 
optimum design was verified using the heat sink optimiza-
tion tools since the heat sink size of the inverter is deter-
mined by the thermal load of the power semiconductor de-
vice which is located at the heat sink base. 

 

Swirl      
 * 1, 2, 1,3; 1Dept. of. 

Aerospace Engineering, Seoul National University, 2Dept. of. 
Mechanical & Aerospace Engineering, Seoul National Uni-
versity, 3Institute of Advanced Aerospace Technology, Seoul 
National University 
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Grid Convergence Index study for turbulent rod 
bundle simulations using spectral element method 
Khanh-Hoan Nguyen1, Kyoungsik Chang1; 1University of 
Ulsan 

Rod bundle is an essential component of nuclear power 
plants because it is of major importance in the cooling sys-
tems of reactors. In the numerical simulation, the cost of 
Large Eddy Simulation of full-length rod bundle simulation 
is generally too high. While LES of a small section of a sin-
gle rod is usually affordable. This study presents a small 
section of the single-rod simulation with a P/D of 1.24 and 
takes advantage of the periodic conditions to reduce the 
length of the rod. The Nek5000 code is based on the spectral 
element method, developed by Paul Fischer et.al (2008), to 
use for LES simulations. To quantify uncertainty in the nu-
merical results, the grid convergence index (GCI) estimation 
is investigated with two modified methods from Roache’s 
GCI method (1998) including modification of Roache’s GCI 
method (Mod. – ASME) in the ASME V&V 20 – 2009 
guideline (ASME 2009) and modified method of least square 
method (SLS – GCI) based on the least square GCI method 
by Eça and Hoekstra (2006). Three mesh arrangements are 
employed to estimate the GCI value for validation. In the 
GCI estimation, it is found that the SLS – GCI method is 
confirmed when the error index from SLS – GCI estimation 
is two times less than that of the Mod. – ASME estimation. 
The numerical results suggested the fine mesh arrangement 
in this study is in good agreement with the reference results. 
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A study on the flow characteristics by the configu-
ration of cooling channel installed in driving mo-
tor* 1; 1KorensEM 
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Longitudinal Changes of Airflow and Pressure Dis-
tributions in Cement Dust-Exposed Subjects using 
1D Computational Fluid Dynamics Model* 1, 

1, 1; 1Kyungpook National University 
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[1] Kim T, Cho HB, Kim WJ, Lee CH, Chae KJ, Choi SH, 

Lee KE, Bak SH, Kwon SO, Jin GY, Choi J, Park EK, Lin 
CL, Choi S, “Quantitative CT-based Structural Alterations of 
Segmental Airways in Cement Dust-Exposed Subjects”, 
Respiratory Research 2020.   

[2] Choi S, Yoon S, Jeon J, Zou C, Choi J, Tawhai MH, 
Hoffman EA, Delvadia R, Babiskin A, Walenga R, Lin CL. 
“1D network simulations for evaluating regional flow and 
pressure distributions in healthy and asthmatic human 
lungs.” Journal of Applied Physiology 2019.  
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Analysis of behavior of respiratory droplet accord-
ing to room temperature using CFD* 1, 

1, 1, 1; 1Sungkyunkwan University 
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  * 1, 2, 2; 

1Korea Institute of Nuclear Safety, 2Ajou University 
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Modification of the overset library in OpenFOAM 
to use Actuator Model* 1; 1Seoul Digital Uni-
versity 
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A deep learning approach to generate turbulent 
inflow conditions for simulating spatial-
ly-developing turbulent boundary layers* Meng 
Zhang1, Linqi Yu1, Mustafa Z. Yousif 1, Hee-Chang Lim1; 

1School of Mechanical Engineering, Pusan National Univer-
sity 

The generation of turbulent inflow conditions is an important 
factor in simulating spatially-developing turbulent boundary 
layers (TBLs), considering its effect on the accuracy of the 
simulations and computational cost. In addition, it is also a 
challenging topic due to the need for the time-dependent 
turbulent inflow data to be accurately described. Many rela-
tively traditional methods for generating turbulent inflow 
conditions, such as recycling-rescaling method, synthetic 
turbulent inflow generation methods and proper orthogonal 
decomposition (POD) method, have limitations like high 
computational cost. So, many scholars have turned their 
attention to the field of Deep learning. Though recent studies 
on the generation of turbulent inflow conditions using 
deep-learning models have shown promising results, most of 
these models are more suitable to be as inflow for fully de-
veloped TBLs. This study proposes a newly-developed 
deep-learning-based method to generate turbulent-inflow 
conditions for simulating spatially-developing TBLs. The 
deep learning model (DLM) used in this study is a combina-
tion of two architectures: the first one is the Transform-
er ,which is utilized to predict the temporal evolution of ex-
tremely coarse velocity fields obtained by selecting distrib-
uted points at various sections along the streamwise direction 
of a spatially-developing TBLs flow obtained through direct 
numerical simulation (DNS). The second one is 
MS-ESRGAN, which is utilized to perform a su-
per-resolution reconstruction of the velocity fields for all the 
sections that are predicted by the Transformer model, which 
makes the final output has the same resolution of the DNS 
data. The model shows a remarkable ability to predict the 
instantaneous velocity fields with detailed fluctuations and 
reproduce the turbulence statistics, spatial and temporal cor-
relations, and spectra with commendable accuracy compared 
with the DNS results. Furthermore, the model exhibits a 
reasonable accuracy for predicting velocity fields that are not 
used in the training process, which means the model can 
generate the turbulent inflow conditions for the flow at 
Reynolds numbers that are not necessarily used in the train-
ing of the model. This work paves the way to the utilization 
of synthetic-inflow generators for large-scale turbulence 

simulations using deep learning, with significant promise in 
terms of computational savings. 
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A study on the effect of high temperature conditions 
on natural frequency change* 1, 

1, 1; 1Changwon National University 
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Microstructure Evolution of the 58Ni-14Cr Super-
alloy Gas Turbine Blade Manufactured by Direc-
tional Solidification Liming Xu1, Jine sung Jung2, Yeon 
kwan Kang2 and Keesam Shin1; 1School of Materials Science 
and Engineering, Changwon National University, Changwon 
51140, Korea, 2KEPCO Research Institute, Korea Electric 
Power Corporation, Munji-ro, Yusung-Gu, Daejeon 34056, 
Korea 

Nickel-based superalloys have good high-temperature 
strength, plasticity properties and fracture toughness. Besides, 
due to its excellent creep resistance, fatigue properties, and 

good the anti-oxidative thermal corrosion performance, it has 
been developed as the preferred material for turbines blades 
for aero-engines and gas turbine. Directional solidification of 
turbine blade can greatly improve mechanical properties 
compared to the conventional casting.  

In this study, we characterized the microstructures and me-
chanical properties of 58Ni-14Cr superalloy gas turbine 
blade processed by directional solidification. Various analyt-
ical methods, such as optical microscope, scanning electron 
microscope and transmission electron microscope are used to 
investigate the microstructure evolution (carbide, dendritic 
structure, eutectic phase) in the different position of blade. 
Further, Vickers hardness test and creep test are used to 
evaluate the strength. 

 

Analysis and control of oxide film of high carbon 
steel shots for shot peening* MINSUK LEE1, KEESAM 
SHIN1; 1Changwon National University 

Carbon steel is recognized as a versatile material widely used 
due to its easy processing and low cost. Among them, high 
carbon steel is a required as a material for the structure engi-
neering in industry because it includes properties of high 
strength and hardness and resistance to wear, and moderate 
ductility to tolerate being deformed. In this study, Water 
atomization, water/air cooling after quenching and tempering 
processes are performed sequentially have been performed 
on high carbon steel shots and various colors appear on sur-
face film of them. This study presents oxidation on the sur-
face of high carbon steel shots for shot peening and colors 
and types of iron oxide. The film formed on the surface was 
observed and analyzed using X-ray photoelectron spectros-
copy (XPS) and Auger Electron Spectroscopy (AES). 

 

Investigation of the microstructure evolution of 
IN738LC upon ultrasonic shot peening* SIJIA LIU, 
KEESAM SHIN; Changwon National University 

IN738LC is a cast Ni-base superalloy designed for applica-
tions in power generation. Laser peening can increase re-
sistance to cracking and fatigue [1]. 

However, the evolution of /dislocation interaction and how 
it can affect the mechanical properties (microhardness) upon 
peening is still not well understood. 

In this study, we analyze the microstructure of IN738LC 
after ultrasonic shot peening (USP). USP effect was com-
pared under various peening times from 20 min to 70 min. 

The microstructure was investigated using optical microsco-
py, scanning electron microscopy, and transmission electron 
microscopy. Results showed the increase of microhardness 
of the near-surface region and dislocation induced by plastic 



 

deformation, which appears to be a critical factor in the 
strengthening of the alloy. The shot peening time was deter-
mined and optimized according to the microstructural evolu-
tion observed. 

[1] Zhou, L., & He, W. (2021). Gradient Microstructure in 
Laser Shock Peened Materials. Springer Singapore. 
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