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PREFACE

The 26th Annual Conference of HKSTAM 23 in conjunction with thel8th ShanghdiHong Kong Forum

on Mechanics and Its Application is hdld The Hong Kong Polytechnic Universion April 15, 2023. This
conference is corganized by the Hong Kong Society of Theoretical and Applied Mechanics (HKSTAM),
the ShanghaiSociety of Theoretical and Applied Mechesi SSTAM), The Hong Kong Polytechnic
University (PolyU) and The Hong Kong University of Science and Technology (HKU&hy sponsored by
Baidu Inc The conference aims to provide a platform for all scientists, engineers, and mathematicians worki
on mechanics and related areas to share, communicate and exchange ideas, and to eoparat®Te
within relevant parties. This proceeding consists7éfabstracts including 32 from SSTAM, 43 from
HKSTAM, and 1 from BaiduThe conference preseridistinguish Lecturesn the morning, i.e., byrof.
Yi-Kuen LEEfrom The Hong Kong University of Science and Technol|d®ypf.Shijun LIAO from Shanghai

Jiao TongUniversity, Dr. QipengCHEN from Baidu, Prof. Wei HONGfrom Southern University aBcience
andTechnologyandProf.Kai Leong CHONGrom Shanghai Universityit also containg4 parallel sessions
arranged in the afternoon

The Society appreciates all the speakers and contributors for their efforts to make this event a successful
Special thanks go tBrof. Dong-Qiang LU of SSTAM for his greateffort for coorganizationin Shanghai

Ms. ZhaoHOU of PolyU for herhelp in communicatingvith various parties. The Society also wishes to thank
the generous support from Institution Members of HKSTAM.

On behalf of and for the Executive Committee

Gang WANG

Presidenbf HKSTAM

Professoand Associate Head

Department oCivil and Environmental Engineering
Hong Kong University of Science and Technology
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Distinguished Lecture |

Prof. Yi-Kuen LEE ( )

Prof. Yi-Kuen Leeearned his Bachelor's degree from National Taiwan University in 1992. He
then pursued his Master's degree under the supervision of Prefisifig Pao (a member of

the US National Academy of Engineering and Academia Sinica) at the Institute of Applied
Mechanics, NTU. Dr. Lee completed his Ph.D. in Mechanical Engineering, specializing in
MEMS, under the guidance of Prof. Ckiling Ho at the University of California, Los Angeles
(UCLA) in 2001. Dr. Lee has held positions in the Department of Mechanical andpaee
Engineering, Chemical Engineering, and Bioengineering at the Hong Kong University of
Science and Technology (HKUST). He previously served as the President of the Hong Kong
Society of Theoretical and Applied Mechanics (HKSTAM) andaimded the IEE NEMS
conference. He has been a participant and organizer of several international micro and nano
conferences, including ICMAN2016, APCOT2018, IEEE MEMS, and Transducers. He took
charge of constructing NFF2.0 for HKUST, the micro and nano processingrplast
HKUST's Guangzhou campus. In 2021, he became a member of the Executive Committee of
the Hong Kong ITF InnoAir research center in collaboration with UC Berkeley, Hong Kong
Center for Construction Robotics (HKCRC). Currently, his primary researcls flcesi in

CMOS MEMS sensor theory and novel microfluidics technology (personalized Microfluidic

ElastaFiltration) for smart buildings and smart construction and biomedical applications.
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Advancements in MEMSthermal sensors forsmart buildings and smart
construction in the era of AloT

Yi-Kuen LEE

Department of Mechanical & Aerospace Engineering, Department of Chemical EngineerBigermgineering,
Hong KongCenter for Construction Robotiddong Kong University of Science and Technolpbipng Kong
SAR, China

Email: meyklee@ust.hk

Over the past two decades, my research lab at HKUST has dedicated to the fundamental study
of microfluid mechanics and microscale heat transfer, encompassing modeling, simulation, and
development of microfabrication presses for various MEMS/microfluidic applications. We

have successfully developed silieglass microchannels integrated with microheaters, micro
temperature sensors, and micro pressure sensors, allowing us to investigate the size effects in
singlephase ad two-phase heat transfer.

Furthermore, we have created microbubble actuators to study complex biofluids, such as DNA
solutions, and developed bublaletuatorenhanced optical biosensors for bacteria detection.

In recent years, we have applied our fourmtet! research to develop staibthe-art thermal

MEMS sensors, including thermal flow sensors, human thermal comfort sensors (PMV), micro

BTU sensors, thermal accelerometers, and thermal gyroscopes. These devices leverage
heterogeneous integration (HI¥ eemiconductor foundry processes (TSMC/UMC/Global
Foundries 0.18&gm CMOS, I nvenSense 3D CMOS M
NFF cleanroom facilities.

Employing applied mechanics, we have developed and validated compact models and SPICE
models for thes¢hermal MEMS, achieving speeds 3 to 6 orders of magnitude faster than
conventional computer models. These models facilitate rapid design optimization of the
devices and their integration into semiconductor EDA software (such as Cadence) for CMOS
MEMS desig in conjunction with analog IC design using semiconductor foundry processes.
The optimized CMOS MEMS thermal sensors outperform products from leading international
companies, including Analog Devices Inc.'s MEMS motion sensors. Additionally, the
sensitivty of our optimized CMOS MEMS thermal flow sensor surpasses that of Laser Doppler
Anemometry (LDA) in the US National standard at NIST.

As we move toward the era of AloT, these CMOS MEMS sensors, integrated with edge Al
devices, show immense potential fmart buildings and smart construction applications.
Advanced 3DIC integration in the semiconductor industry, such as TSMC's 3Dfabric platform,
will further unlock their capabilities.
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Distinguished Lecture II

Prof. Shijun LIAO( p d)

Dr. Shijun Liao is a distinguished professor, School of Navel Architecture Ocean and Civil
Engineering, Shanghai Jiaotong University, China. He is currently the head, State Key

Laboratory of Ocean Engineering, China.

Prof . Liao i s t heot opyndaemal gfsi ¢ hene ththmdno (F
approximation method for highly nonlinear problems. Today, the homotopy analysis method

has been widely used by researchers all over the world. Besides, he proposed a new strategy

to gain reliable numerical simalt i ons of chaotic systems, ca
Simulationo (CNS). The CNS provides a tota

flows and to attack some open questions.

Prof. Liao has published two monographs and about two huradtietes. His books and

publications have been cited 20163 times in sckhplaro g | e . He was award
Award i n Natur al Scienceo and ANational Awar
it he Highly Cited Researchero in 2014, 2015
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Ultra-chaos, statistics instability and norreproducibility

Shijun LIAO

School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200230,
China

Email: sjliao@sjtu.edu.cn

Abstract: The sensitivity dependence on initial condition (SDIC) was first discovered by
Poincare in 1890 and then rediscovered by Lorenzin 1963 pith@ ul ar name, i . e.
effecto, which reveals the trajectory instal
that chaotic trajectory has also sensitivity dependence on atrtificial factors (SDAF) such as
numerical algorithms, timstep and son, if single or double precision is used. As a result,
numerical noise of a chaotic simulation given by a traditional algorithm with single or double
precision increases exponentially so that such a chaotic simulation is a mixture of the true
physical stution and the false numerical noise, which are mostly at the same order of
magnitude. Even so, such kind of chaotic simulations badly polluted by numerical noise are
widely used in practice to calculate statistics, mainly due to the hypothesis thétstafis

chaos are stable, say, insensitive to small disturbances. Unfortunately, rigorous proof of this
hypothesis has never been given. | proposed ttead | ed fAcl ean numeri cal
in 2009, which can guarantee the convergence of chaggcttvey in a long enough interval

of time. Thus, convergent trajectory given by CNS can be used as benchmark solution to check
the statistics stability of chaotic systems. It is found that statistics of some chaotic systems are
unstable, called ultrahaos Besides, it is further found that ukchaos widely exists in chaotic
dynamic systems. Note that it is impossible to repeat any physical experiments and/or
numerical simulations of an ulaghaos. Unfortunately, reproducibility is a corns¢one of

moden scientific method, since it means that scientific laws are invariant across time and space.
Thus, ultrachaos might reveal some restrictions, limitations and incompleteness of modern
scientific method, which might become a great challenge for us

References

Liao, S.J.( 2 0 0@n)the relfability of computed chaotic solutions of Amear differential equationg Tellus-
A, 61, 550/ 564.
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Distinguished Lecture Il

Dr. QipengCHEN ( 1 )

Dr. QipengChenis currentlySenior Technical Product Manager of Baidu PaddlePatidie.
obtained his B.Englegreen Materials Science and Engineering from Huazhong University
of Science and Technologgnd Ph.D degreein Materials Processing Engineering from
Tsinghua UniversityHe has been working omulti-scale coupled numerical simulation of
fluid flow, heat trangdr, phase transformation and grain growth during alloy solidificatien.
current research interests include PINN method and FEM/FVM method in the field of fluids,

heat transfer and structure.
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Application of physicsinformed neural network on partial differential
equation solving

Y. ZHOU*Y, Q. CHEN#, Y. ZHANG?, Z. WANG?, X. HU and Q. ZHAO?

1 Deep Learning Technology Platfor®aidu Inc.,Beijing, China

2 Department of Mechanical Engineering, The Hong Kong Polytechnic University, Kowloon,Kktmgg China
* Corresponding authozhouyuanyé@baiducom

# Presenterchengipeng@baidu.com

Partial Differential Equation (PDE) solving a thriving branch in fluid and solid mechanics
research, wich contributes greatly to the structural design and optimization. Typically,
classical numerical methods, i.Einite Element Method (FEM) and Finite Volume Method
(FVM), are mostly utilized to handle PDE, but their computing efficiency is significantly
restricted by the factors, like sophisticated mesh generating and large linear equations solving.
This significantly hinders the advancement of compatded design, especially in the fields

like structuraloptimization that demand intensive computifRecently, Physiectnformed

Neural Network (PINN) has shown its unique superiority on PDE solving in light of its natural
parallelism and physicdaw embedding. The usage of PINN on some simple mechanics
problems, i.e., steady viscous flow (Chuang et.al, 2022) dndtAucturedeflection(Vahab

et.al, 2022, has demonstrated its success in handling PDEs. In this paper, we will go deeper
into PINN's potential for solving more challenging mechanical problembahatnot yet been
resolved: unsteady viscous flow and 3D Euler beam deflection. This PINN study will provide
insight into its potential further applications for structural optimization. The code is developed
based on Baidu PaddlePaddle framework and can bhecessed on:
https://aistudio.baidu.com/aistudio/projectdetail/4178470 (flow) and
https://aistudio.baidu.com/aistudio/projectdetail/5785@®icture).

ﬁzma(ic Differentiation Governing equations \

V-u=0

’P*au VIVP Viu=f
vu bl u+; —vWiu=
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Data Loss Function: /4(®) /

Physical Loss Function: /,,(®) «—

Figure 1. Physicénformed Neural Network (Naviebtokes equation)
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Distinguished Lecture IV

Prof. Wei HONG ( X))

Wei Hong iscurrently Professor and Associate Chair of the Department of Mechanics and
Aerospace Engineering at Southern University of Science and Technology (SUSTech), and
Fellow of ASME. Wei received both B.S. and M.S. degrees from Tsinghua University, and

Ph.D. in Engineering Sciences from Harvard University in 2006. Wei worked in the
Department of Aerospace Engineering at lowa State University and was tenured and promoted

to Associate Professor in 2014. He held joint appointment from Hokkaido University since
2015and was appointed as Associate Professor and later as Professor. He joined SUSTech in
2018. Wei 6s research covers a broad spectr.
fracture mechanics, microstructure evolution, multiphysics modeling, and his reseatch

is focused on polymer physics, soft matter mechanics, adhesion, dielectric breakdown, and

surface instabilities.
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Chemically identical gels

Wei HONG
Department of Mechanics and Aerospace Engineering, Southern University of Sciefieefamology
Email: hongw@sustech.edu.cn

Composed mostly of solvent molecules and a loosely crosslinked polymer network, a
polymeric gel appears and feels like a liquid. Questions naturally arise: Are the mechanical
properties fully determined by ithemical composition, just like a liquid solution, or would

the synthesis condition or process affect its network structure and further the macroscopic
properties? Through carefully planned experiments, we systematically studied the mechanical
properties ba set of polymeric gels with identical chemical compositions but prepared through
different processes. Strong dependences of the mechanical properties on the synthesis
conditions were identified, and the results were found to follow a set of scalingHeavs

basic theories and fundamental yet intuitive hypotheses characterizing the network topology
and structural evolution, we derive the scaling laws which successfully capture the
experimental observations. We further studied the fracture of thesecaligndentical gels

and found some intriguing relations between fracture energy and synthesis processes. These
findings provide insights to the mechanisms in the formation of network structures and
topologies at synthesis, and their profound effects ooresaopic properties. The theory
established may influence the design and synthesis of polymeric materials with extraordinary
performances
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Distinguished Lecture V

Prof. Kai Leong CHONG ()

Kai Leong CHONG is professor of mechanical engineerirghainghai University, working

on the fields of thermal turbulence and multiphase flow. He received his Ph.D. degree from
The Chinese University of Hong Kong under the supervision of PreRikg Xia. Prior to
joining Shanghai University, he was a postdogtoesearcher in Physics of Fluids group at
University of Twente under the supervision of Prof. Detlef Lohse. He has received several
awards and fellowship including National Science Fund for Excellent Young Scholars
(Overseas) and Croucher FellowshipsPostdoctoral Research. He has published more than
40 papers in refereed journals including Science Advances, Nature communications, PNAS,
Physical Review Letters and Journal of Fluid Mechanics, etc. His works on transmission of
respiratory diseases fraitmid mechanics perspective has been selected as the cover of Physical

Review Letters and ESI highly cited paper.
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Respiratory disease transmission from fluid mechanics perspective

Kai Leong CHONG

Shanghai Institute of Applied Mathematics avidchanics, School of Mechanics and Engineering Science, and
Shanghai Key Laboratory of Mechanics in Energy Engineering, Shanghai University, Shanghai 200072, China

Email: kichong@shu.edu.cn

Abstract: Respiratory events such as breathing, speaking, coughing, and sneezing can result
in the release of pathogdsden droplets or aerosols, leading to the potential spread of
respiratory diseases. The underlying flow physics of \peaticle propagation in the air is
crucial to understand and mitigate the spread of diseases. However, this is a challenging process
due to the complex interaction between the suspended particles, turbulent flow, vapor field,
and ambient temperature fields this study, we used direct numerical simulations and
Lagrangian statistics to investigate the transport of small droplets emitted from the body during
a turbulent humid respiratory puff. Our results demonstrate that the small droplets are engulfed
by the puff, leading to a significant increase in their lifetimes by many orders of magnitude. As
a result, these droplets can travel much further during respiratory events compared to larger
droplets that typically travel ballistically in the air. Our finggnhave important implications

for the resumption of normal indoor activities in the pmmtdemic phase. They provide
guidance on how to rely on the natural way of precautions based on the knowledge of fluid
mechanics to manage potential outbreaks ofinaspy diseases

(a) Q 100%

Relative
Humidity
50%

Spiral motion
of droplets

—— Drops 10 um  —— Drops 100 pm —— Drops 1000 pm

Figure 1. Propagation of the vapour field (a) together with the trajectories of the respiratory droplets (b).
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Dancing bubble and filamentation instability

Man HU, Feng WANG, Bingrui XU and Daosheng [ENG*
Department of Aeronautics and Astronautics, Fudan University, Shanghai 200433, China
*# Corresponding auth@nd presentedsdeng@fudan.edu.cn

Abstract: Many intriguing phenomena will occur in the mesoscopic fluids by utilizing various
physical fields, resulting from its unique length scale, and holding promising for the diverse
applications. Twaxamples will be presented in this talk. In the first example, arising from the
strong photothermal response of nadrared laser in pure water and the efficient heat
conduction at the solid/liquid interface, a temperature inversion layer is formedheand
dancing bubble is produced, enabling the precise control of underwater bubbles. For the second
example, by taking advantage of the advanced thermal drawn process and the templated film,
the filamentation instability is controlled in terms of the fipatiodicity of the ordered filament

array, paving the way for naraptics and wearable functional fabrics

N

Figure 1. The dancing bubble
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Application of machine-learning based optimization framework to offshore
wind farm: layout and yaw control optimization

Shanghui YANG?, Xiaowei DENG*
Department ofivil Engineering The University oHong Kong Hong Kong China

* Corresponding authokwdeng@hku.hk
# Presentershhyang@hku.hk

Abstract: The close cluster of the turbine for sharing the infrastructure will incur a significant
wake effect of velocity deficit and added turbulence at the downstream turbines, thus the loss
of power production anihcrease of the fatigue load. The mainstream approaches to resolving
the wake problem can be categorized into two types in accordance with the implementation
phase, layout design and yaw control. However, most of the previous research on the control
stratgy is confined to the regular wind farm layout, which questions the real benefit of control
optimization to the optimized configuratigh]. Meanwhile, the investigation of the layout
design usually ignores the effects of cooperative control based osstirag@ion of traditional
greedy contro[2-3]. This study will conduct a twetage optimization framework coupling
layout and control. The optimized layout design is obtained without considering the potential
of control optimization, and then the cooparatcontrol is applied to the optimized layout in
collaboration with some novel control schemes reducing the optimization dimensions. The
genetic algorithm combing with the ANN wake model is employed in the design stage to
implement layout optimization. Ithe operation stage, a douldger machine learning
framework will realize accurate and efficient cooperative control, as shown in Figure 1.
Meanwhile, three control schemes will be deployed to different layouts to discuss their
applicability. The resultshow that the proposed coupling optimizations can simultaneously
realize the layout and control optimization. The layout design is deemed the primary wake
mitigation strategy. The rowased scheme applies to the regular layout, while the celumn
based combl scheme can bring more benefits to the optimal layout
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Figure 1. Doubldayer machine learning control framework.
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Flow induced vibration of a cactusshaped cylinder withthree/four ribs

L.W. ZENG*, W. WANG, Y. LIU and H. TANG*

Department of Mechanical Engineering, The Hong Kong Polytechnic University, Hong Kong, China
*Corresponding authoh.tang@polyu.edu.hk

# Presentertingwei.zeng@connect.polyu.hk

Abstract: Motivated by the succulents of Euphorbia Trigona and Euphorbia Abyssinica, we
experimentally and numerically investigated the flowuced vibration (FIV) performance of

a naturenspired cylinder with three or four ribs. The effect of angles of attack (AOAS) on its
FIV and hydrodynamic performance was also examined, with a plamdeylserving as a
benchmark. As schematically illustrated in Figure.l, the FIV system was tested in a water
tunnel with the water flow speed varying from 0.066 to 0.517 m/segponding to a diameter
based Reynolds number R¢ 2,900 ~ 24,500. It was found that, compared with the plain
cylinder, the threeib cases suppress the cylinder's oscillation at low AOAs3(8 while
promoting galloping at high AOAs (35603. This s because the flow separation for thriée

cases wa advanced at higher AOAs, causing a larger curvature of shear layers and flow
reattachment. As such, the pressure difference synchronizes with the oscillation and provides
a more significant excitation to the FIV system. Cylinder's oscillation amplitadeaimost
entirely suppressed for the threk cases at low AOAs and fouib cases at high AOAs (30°~

45°), which is attributed to the delay of flow separation and quite symmetrical pressure
distribution in the near wake. Besides, a typical vemekical-vibration (VIV) response
occurs to the fourib cases at low AOAs (0°~ 15°), which is companied by a symmetry break
and hence a P+S vortex shed mode
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Figure 1. (a) test rig installed in a closledp water channel; (b) the sketch of the typical testes.
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Heat Transfer Application of Dual Sweeping Impinging Jets at Narrow
Spacing

M.ZUBAIR* Y.Z.LIU and X. WEN*

School ofMechanical Engineering, Shanghai Jiao Tong UniverSinganghaiChina
* Corresponding authowenxin84@sjtu.edu.cn

# Presenterabck252 @sijtu.edu.cn

Abstract: A sweeping jet emanating from a fluidic oscillator is preferred in comparison to a
steady circular jet for uniform heat transfer enhancement of the targeted surface. In multi
sweeping jetonfiguration, this inherent benefit of a sweeping jet maysadiermines owing

to the asynchronous behaviour of adjacent sweeping jets. Recently, a novel pair of fluidic
oscillators synchronized two sweeping impinging jets by fusing their ndassfiak
channels and forming duailveeping jets. This study explores its heat removal potential at
narrow spacing and compares to dsigady circular jets using-fipe thermocouples and flat
surface impingement. A synchronized pair of fluidic oscillators ofdwlt diameter 5mm and
aspect ratio of unity was used for impinging relatively cool air upon the hotbed at Re 15000
and jetto-plate spacing of 2.0, 1.0, and 0.5 hydraulic diameters. It was found that the dual
sweeping jets retain their advantage along slveeping direction except at the stagnation
region while the dual steady jets substantially outperformed-axagfdirection. Additionally,

the sweeping jets are much better at narrow spacing gutthse motion of dual sweeping jets
helped enhancinghé heat transfer capacity of a regionbigtween the adjacent fluidic
oscillators. Hence, this pair of synchronized fluidic oscillators is a rightful candidate for more
uniform impingement heat transfer in myj#t configuration

Fig. 1a: DSJ vs DCJ: Along Sweeping Direction Fig 1b: DSJ vs DCJ: Transverse Direction

0. [

Thermo:
wd is centre of left and right flnidic osci

Figure 1. Comparisonf@®ual Sweeping Jet (DSJ) and Dual Circular Jet (DCJ) for three-f@ate spacing
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Prediction of incompressible turbulent channel flow using limited
measurements based othe resolvent analysis

Anjia YING# Tian LIANG?, Zhigang LI* and Lin FU2~

! Department of Mechanical and Aerospace Engineering, The Hong Kong University of Science and Technology,
Clear Water Bay, Kowloorlong Kong China

2 Department of Mathematics, The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon,
Hong Kong China

* Corresponding autholinfu @ust.hk
# Presenteraying@connect.ust.hk

Abstract: In many cases of numerical simulation and experiments, the turbulent information
is only partially available due to inaccurate numerical models or insufficient sampling points.
Predicting the missing dynamio$turbulence with limited measurements is thus important

in engineering and scientific research. The resolvent analysis is known to build the linearized
relationship of the response and the nonlinear forcing from the Natokes equations [1].

The linea operator can be used to reconstruct the coherent turbulent structures [1] and predict
the turbulence with limited measurements [2], which, however, can be directly applied only
when the predicted flow structures are strongly related to the measurethftbvs. study, we
propose to predict the turbulence with the modeled forcing, whose energy of the leading
mode and its correlation with the sequential modes are modified based on thalhear
estimations from the resolvent analysis. Using the new metth@aneasurements can be

located far away from the wall while providing accurate prediction. From Fig. 1, the new
method efficiently predicts both the fluctuation statistics and instantaneous footprints at the
nearwall region with the measurements locas¢dhe logarithmic regian
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Figure 1. Comparisons of the footprint of the lasgale motions at the measured layey*cf 100 to the
prediction layer of/* = 50 in channel flow withiReg= 550 from DNS (a,b) and the predicted results (c,d). Panels
(a,c) are the instantaneous velocity fluctuations and (b,d) are the corresponding energy spectral densities.
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Green functions for the hydroacoustic waves in a compressible inviscid fluid
covered by anelastic thin plate
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Abstract: Hydroacoustic wave motion due to a point source submerged in a compressible fluid
of finite depth is investigated. The inviscid and homogenous fluid is asre thin ice

sheet modeled as the ElilBernoulli elastic plate. Within the framework of potential flow
theory, the wave equation is taken as the governing equation with the linearized boundary
conditions for smalamplitude surface waves. The intdgalutions are derived with the aid

of the LaplacéFourier integral transform for the dynamic response. For the case of an
oscillating source, the steadyate problem is considered while for the case of an instantaneous
source, the transient effect imidied. The Cauchy residue theorem is used to simplify the
triple spatial integral. Then the velocity potential and the change of the sound pressure are
numerically calculated. The temporal evolution and spatial distribution of the waveform of
hydroacostic sound pressure conform to the real physical situation. The hydroacoustic
waves propagate at the speed of sound in the waveguide formed by the ice cover and the fluid
layer. The sound pressure is sinusoidally distributed along the water deptrodieeudi
reaches a maximum value near the seabed. As the frequency increases, the sound pressure
decays more slowly in the horizontal direction and also reaches a maximum value at the bottom
with a greater amplitude. It can be seen that the hydroacowstewith a higher frequency
propagates farther near the seabed and is more easily detected

Keywords: Hydroacoustic wave, compressible inviscid fluid, Green function
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A high-order shock-capturing DG method based on the TENO scheme
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Abstract: In this paper, we present a novel troubled cell indicator and limiter for the Runge
Kutta discontinuous Galerkin (RKDG) methods, based on the targeted essentially non
oscillatory (TENO) scheme [1]. Our ndwoubled cell indicator is inspired by the discontinuity
indicator proposed in [2], but with the added benefit of being compact and specifically tailored
for RKDG methods. We also propose a new limiter based on the TENO scheme, using the
Hermite weighted &sentially noroscillatory (HWENO) limiter and TENO selection strategy.
Unlike the TVB limiter, which requires different parameters for different cases, our new
troubled cell indicator uses a uniform parameter across all cases. Moreover, our accuracy tests
demonstrate that our troubled cell indicator accurately identifies regions efhmaothness
without mistaking critical points as troubled cells, resulting in better performance overall.
Finally, we present a series of benchmark cases, includingdioressional and twe
dimensional cases to demonstrate the performance of our novel troubled cell indicator and
limiter. Our new limiter outperforms the HWENO scheme when used in conjunction with our
new troubled cell indicator
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Forecasting of ocean wave height using a multecurrent neural network
structure
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Abstract: Ocean wave height is an important parameter for port construaftshore
operation and coastal disaster assessment. It is very important for the development of ocean
engineering to realize stable longerm wave height prediction. At present, the main method

of wave height prediction is using muléature neural netork. However, traditional neural
networks are designed according to the characteristics of time series, without considering the
effects of multiple physical variables on wave height.

This paper considers ocean wave height forecasts using amuoéiple recurrent neural
network (RNN) model. The muRNN model divides the input into two dimensions: the time
characteristics of the predicted target and the physical characteristics that affect the predicted
target. The feature extraction of two dimseons is carried out independently, and a feature gate

is proposed for information fusion. We choose XMD sites along the east coast of China as the
study area of this paper. The experiment was designed to predict the wave height6dr, 3

and 12h lea times using LSTM model and muRINN model. the experimental results show

that based on the same evaluation criteria, the performance of theriiNtmodel is better

than that of the LSTM model, especially in theHdur lead time wave height forecast
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Figure 1. 12h lead time wave height forecasting at the XMD site.
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Numerical simulation of fluid-solid interactions by Peridynamics
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Abstract: This paper presents a new peridynamics approach for simulation ofsdliad
interaction problems. The classical tetalgrangian peridynamidsrmulation is employed to
simulate the solid. A senrtiagrangian peridynamics (Bergel and Li, 2016) is proposed to
model fluid which can flexibly consider different fluids based on reformulation of Navier
Stokes equations and equations of state (Zhu arab,ZP021). A coupling algorithm is
developed to calculate the bond force between fluid and solid particles while avoiding
unphysical penetration. The proposed computational scheme is validated through the
simulation of a classic dam break problem. The ipte@ capability of the proposed
peridynamics approach is further demonstrated by simulation of other examples including
hydraulic fracturing and carbon sequestration

Figure 1. Comparisons between experimental results (Koshizuka and Oka, 1986)pled peridynamics
simulation at(a) 6 ™Q () 6 ™A () 6 TOand (d)o m™O
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A high-order diffuse interface method with TENO-THINC scheme for
compressible multiphase flows
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Abstract: High-fidelity numerical simulation of compressible mypthase flows is of great
challenge due to its competing requirements for resolving complex flow structures with low
dissipation and capturing moving interfaces as well as other discontinuities sharply. Recently,
a novel hybrid scheme, utilizing the standard targeted essentialtpsuilatory (TENO)
scheme and tangent of hyperbola for INterface capturing (THINC) reconstruction as two
building blocks for smooth and namooth regions respectively and thus named TENO
THINC [1], has been proposed and shows greatd@sipation propety. In this work, a high

order finitevolume method, based on the TEN®INC scheme, is implemented on a reduced
five-equation formulation of the diffuse interface model. Numerical results of these benchmark
tests show that the TENDHINC scheme is morebust than the standard TENO scheme and
less dissipative than both the TENO and WEN®schemes
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Figure 1. Schlieren images of density fields for the Helaimshockbubble interaction problem at the time
instants (a)26,(b)37,(c)52,(d)62,(e)80,(f)10224b,(h)427,())6 74 and (j)983ps, solved by TENBINC
scheme o 2000 x 500 uniform grid.
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Interscale transfer mechanism of turbulent kinetic energy and Reynolds
shear stresses in homogeneous shearbulence
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Abstract: The interscale transfer of energy and Reynolds shear stress in homogeneous shear
turbulence is crucial to understand turbulence in fluid dynamics. In this work, homogeneous
shear turbulence is studieging direct numerical simulation (DNS). By applying bandpass
filtering technique, the intescale transfer of energy and Reynolds shear stresses are
investigated. Our results show the emergence of $meddity for both interscale transfer of
energy andReynolds stress in homogeneous shear turbulence. In specific, the eddies of a length
scale | mostly transfer their energy to eddies of scale 0.3l, and that most of the Reynolds stress
transfer flux goes from eddies of size | to 0.4l. It is also shownhtbatretching by mean shear
contributes to the production of enstrophy at large scales while the stretching by tiseddege

strain rate contributes to the production at small scales. These results contribute to a deeper
understanding of turbulence befmr and have potential implications for a range of
engineering and scientific applications

Re, = 2000 .| Re. = 5000 Re, = 12500
" == L =207 == L =507
j[:: 0.5F=0= L =257 E L =175y
L = 50n —/— L="T5 - =/~ L =100y
0= 0T 00 02 0T 10 0 0T 10
S/L S/L S/L

Figure 1. Normalized energy transfer flux from sdate SversusS/L at differentRe.
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Linear response analysis oEompressible turbulent channel flows
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Abstract: Understanding and modelling higipeed turbulent flows are of fundamental
importance in aerodynamic applications. In this work,litmear responses of turbulent mean
flow to both harmonic and stochastic forcing are investigated for supersonic channel flow.
Well-established universal relations are utilized to efficiently obtain the mean profiles with a
large parameter space, so a systtc parameter study is feasible. The most amplified structure
takes the form of streamwise velocity and temperature streaks optimally forced by the
streamwise vortices. The outer peak of themtdtiplied energy amplification corresponds to

the largesale motion, whose spanwise wavelength is very insensitive to compressibility
effects. In contrast, the classic inner peak representing -sozdél neawall motions
disappears for the stochastic response with increasing Mach number. Meanwhile, the small
sale motions become much less coherent. The geometricaliredHirity of the response in

the midspanwisewavelength range is still roughly satisfied, insensitive to Mach number.
Finally, theoretical analyses of the perturbation equations are presehtdd tmderstand the
scaling of energy amplification
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Figure 1. Contours of the,(c) streamwise velocity andb,(d) temperature of the optimal harmonic response for
the modes of thea( b) inner peak (s* = 100) and ¢, d) outer peak_s= 3. 7 @aplane. Thelvaocity
vector is based on the spanwise and-walimal velocities of the forcing.
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Deep reinforcement learning guided transverse force reduicn for a bluff
body in wake flow
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Abstract: Recently, machine learning (ML) has achieved significant development in active
flow control field [1]. In this study, we develop an active flow control strategy using deep
reinforcement learning (DRL) for the transverse force reduction of a circular eylimdan
unsteady wake of an upstream circular cylinder. The actuation is achieved by-ti¢asielh

of the cylinder, and its rotation velocity is intelligently controlled by a DRL agent based on the
feedback state signals from the sensors placed dmanst The environment is simulated by
high-fidelity CFD using a GPtaccelerated Lattice Boltzmann Equation solver with multi
block mesh partition. Results indicate that the agent can learn from the elaboraterien®f

the sensors, actuator, and revgattarough trial and error, and finally converge to the optimal
control strategy within 800 episodes (see Fig.1a). The learnt control strategy can reduce 95%
of the lift fluctuation for the downstream cylinder, as indicated in Fig.1(b). The policy isrfurthe
verified at different Reynolds numbers and tandem distances between the two cylinders. Both
show that the control strategy still works well and can effectively suppress around 90% of
fluctuation of lift force. Detail wake structures are also analysedntmver the working
mechanism of this control strategy. In our talk, more analysis results will be revealed
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Figure 1. (a) Learning curves of DRtained active flow control of downstream rotation cylinder (b) comparison
of rms lift forceClms between tie controlled case and uncontrolled case.
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Impinging Core-Shell Compound Droplets on Superamphiphobic Surfaces
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Abstract: Recently,increasing interest has been shown in the impact of compound droplets
due to its various applications and academic significance. However, the study of compound
droplets is largely focused on their spreading stages or the impact on hydrophilic and weak
hydrophobic surfaces. Here, we perform an experimental investigation on the impaghef oil
water compound droplets on superamphiphobic surfaces. Compound droplets with different oll
volumetric ratios were produced, aiming to reveal the effect of the aimattic ratio on the

whole impact dynamics including the impact phenomena, quantitative spreading, pinning, and
retraction processes. The oil volumetric ratio shows dramatic influence on the impact
phenomena: the damping of the capillary wave is enharleedyubble entrapment can be
suppressed, and water entrapment inside the oil core can be observed in a certain Weber number
range. It is found that the spreading process of the compound droplet is mainly determined by
the Weber number and the additionddwater interface has no obvious effect within the scope

of our research. However, the oil core can accelerate the retraction process, which reduces the
contact time
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Figure 1. Impact phase diagram as a function of the Weber number andviblemiétric ratio.
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Resolvent analysis of turbulent pipe, channel and boundary layer flows
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Abstract: Understanding the properties of coherent structures irbeathded turbulent flows

is of great importance, as these structures are critical in determinisgithiiction drag in

the design of modern aircraft and ships [1]. In recent years, resolvent analysis has emerged as
a powerful tool for identifying coherent structures in a variety of flows. Resolvent analysis
involves linearizing the Navigstokes equains around the mean flow and analyzing them
from an inputoutput perspective. The input to the analysis consists of nonlinear perturbation
terms, which act as an intrinsic forcing to the linear resolvent operator. The output is the
perturbation velocityiéld [2]. In this research, we will use resolvent analysis to determine the
extent or existence of similarities between fully developed turbulent pipes and channels, and
zeropressurggradient turbulent boundary layers. Furthermore, we aim to reveattictusal
differences between these canonical sealinded shear flows
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Figure 1. Premultiplied energy spectra of streamwise veloeify) ¢urbulent boundary layeRea=1990, €, d)
channelRe=2000 and¢, ) pipe,Ra=2000.
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Numerical simulation of discontinuous suspended ceiling systems under
earthquakes
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Abstract: Thediscontinuous suspended ceiling (SC) system is widely used in buildings, which
was reported to be easily damaged during moderate or strong earthquakes. The damage to
ceilings may lead to enormous economic loss, the interruption of building function, emd ev
threaten life safety. The study of the seismic performance of SCs is of great significance for
mitigating earthquake disaster. Numerical simulation is a convenient ancbkivmethod to

study the seismic performance of the SC. Thedwaeensional numésal models for the SC

have been proposed to predict the ceiling dynamic responses, while the effect of spatial effect
in large ceilings could not be considered (Jiang et al., 2022). There are still some deficiencies
existing in current thredimensional ihite element models proposed for the SC system. For
example, the damage process of the ceiling was successfully simulated by a sophisticated finite
element model by using ABAQUS software, but the accuracy of the nonlinear behavior of grid
connections wasot verified by test results (Gopagani et al., 2023). This study aims to provide

an improved numerical modeling method for the discontinuous SC system with commonly
used boundary condition. The nonlinear behavior of the peripheral connections and grid
conrections is considered. The uplift of ceiling panels in the vertical direction is also simulated.
The failed elements exceeding their maximum deformation capacity can be timely deleted with
the help of the developed removal algorithm. Nonlinear time histoaysis of the ceiling

under the earthquake is conducted. The responses of acceleration and displacement, and
damage status are evaluated. It is found that the SC with free boundary condition generally
responds as a whole in horizontal directions witiee $C with boundary constraints does not
vibrate as a whole with larger responses at the middle span than other locations. Comparatively,
the latter has better seismic performance than the former. For both types of ceilings, the main
cross tee connectiortdose to the ceiling perimeter are most vulnerable to earthquakes. The
numerical simulation results agree well with the corresponding shaking table test results,
indicating that the proposed models can be used to predict the seismic responses of the SC
sydems. The outcome of this study provides valuable tools for evaluating the seismic
performance of discontinuous SC systems
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Numerical study of the stability of the rock armor layer under extreme wave
erosion using the resolved CFEDEM method
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Abstract: Rock armor layersiave been widely used to defend the wave erosion on coastal
structures, such as breakwaters, embankments, and reclaimed islands. With more occurrence
rate of extreme waves, climate change increases the failure risk of existing coastal armor layers.
We promse a numerical model to simulate the interaction of waves and rock armors by
resolved CFBEDEM method. The wave motion is calculated by the computational fluid
dynamics (CFD) method, and the motion of armor units is simulated by the Discrete Element
Method(DEM). The interaction between the wave and armor unit is calculated by a resolved
coupling approach. We simulate the periodical wave impact on rock armor layers. Two types
of armor unit shapes are studied, the cuboid and dolos rock shapes. The rgbelietveben

the armor unit shape, weight, and armor layer stability is discussed. The results show that the
dolos shape can increase the interlocking between armor units and reduce the required unit
weight to achieve equivalent stability compared with tiigotd shape. A lighter dolos armor

unit increase of risk of rocking and breakage compared with the heavier cuboid armor unit.
This numerical method can calculate the wave energy dissipation of complexly shaped rocks
and estimate the stability of rock arntayers under extreme wave loading

Fig. 1 Themotion of dolos armor units under the extreme wave attack
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Some New Insights into Rainfalinduced Flowslides of Granular Soils

Li ZHANG” and Jun YANG*
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# Presentertizhang5@connect.hku.hk

Abstract: Rainfaltinducedflowslides in earthen slopes present one of the most destructive
natural hazards. Such hazard mitigation requires a good understanding of soil behavior under
the constant shear drained (CSD) stress path, which is more pertinent than typical triaxial tests
to soil element under rainfall infiltration. Here we explore various behaviors of loose granular
packings along different stress paths and the associated micromechanical mechanisms using a
robust grairscale modeling technique. Through systematic simulstad the CSD, constant
volume (CDCV), and conventional drained (CD) shearing stress paths, we find that the
behavior under the CSD stress path conforms to critical state concepts at bothandcro
micro-scale. The evolution of the stress ratio (g/p'hglthe CSD stress path is highly similar

to that along the CD stress path. A substantial plastic strain tends to develop once the second
order work becomes nonpositive along the CSD stress path, while a dramatic drop of shear
strength will occur at the vashing of secongbrder work along the CDCYV stress path. In both
cases, the secoratder work vanishes at an almost identical stress ratio, which demarcates the
lower boundary of the potential instability zone. Furthermore, we establish an explicit
relatiorship between this stress ratio and the initial state parameter of the packing
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Figure 1. (a) Configuration of the representative volume element at the initial state and critical state in CSD
simulation; (b) Stress paths of CSD, CDCV, and CD tests
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Study on penetration behaviors of foam into saturated sand in EPB
tunneling

He HUANG* Wan-Huan ZHOU*
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Abstract: Foam is a commonly used soil conditioner in EPB shield tunneling to temporarily
modify soil properties and maintain the workability of the EPB shield. Previous studies have
shown that injecting foam at the nel face using soil conditioning tools expels pore water
from the soil and hence alters the properties of excavated spoil. Moreover, with the foam
penetrating the sand on the tunnel face, a low permeable layer will be formed that benefits in
transferring lhe support pressure to the soil skeleton. Therefore, it is essential to study foam
penetration behaviors into saturated sand under pressurized conditions. This study presents the
results of an experimental investigation into the penetration behavior rofifda saturated

sands at the macroscopic level. A series of foam penetration tests were conducted using a
cylindrical model test setup. The results show that the hydraulic conductivity of sand columns
decreased from approximately-1&m/s when saturatedth water to values ranging from-10

2 to 165 cm/s when penetrated with foam. Additionally, the rheological properties of the foam
were measured using a rheometer, and the results were modeled using thiawawedel

for nonNewtonian fluids. The corration between the seepage velocity of the foam and the
hydraulic gradient on the foapenetrated sand column was deduced based on the-faawer

fluid model. The findings reported in this study provide a basis for elucidating the mechanism
of foam as a sottonditioner from an anfpermeability perspective in tunnel excavation
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Figure 1. Variation of foam seepage velocity with the hydraulic gradient in different sand.
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An Explicit -Implicit THM -Coupled MPM for Saturated Porous Media
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Abstract: The thermahydromechanical (THM) responses pbrous media underpin the
operation and performance of key engineering applications. In this study, we introduce a
coupled material point method (MPM) to model the THM behaviour of saturated soils. The
governing equations are presented using thieptl formulation adaptable for dynamic and
large deformation problems. An effective exphiaitplicit solution scheme is further developed
wherein the pressure is solved using the opesgliting method to avoid the constraint of
liquid compressibility. The mposed method is validated by simulation of a Hulieeensional
axisymmetric benchmark scenario involving the thermoelastic response around a point heat
source. We further demonstrate the proposed method by simulating the large deformation and
progressivefailure in a slope caused by thermal softening. The results indicate that the
presented method has the potential to simulate clicteiagedriven soil degradation and
related problems, such as thawing permafrost
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Figure 1. Simulation results edmperature, pore pressure, and deviatoric strain in a saturated soil slope
undergoing large deformation and progressive failure due to thermal softening.
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In-situ Mechanical Calibration for Vision-based Tactile Sensors
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Abstract: This paper proposes a novel approach to conduct routine calibration for the changing
mechanical parameters over time of a vidi@sed tactilesensor without disassembling its

overall structure, i.e., #situ mechanical calibration. Calibration for mechanical parameters,
Youngd6s modulus and Poissondés ratio, of a t
force perception capability. Hower, there are few methods that can retrieve values of these
parameters both accurately and conveniently. To address this problem, we propesguan in
approach to calibrate mechanical parameters other than the verbose traditional evaluation
process. Thismethod incorporates the deformation sensing capability of the sensor, the
accurate force sensing capability of a force/torque sensor, and most importantly, the

deformatiosf or ce r el ati onship for an indentation \
ecoded. We propose the indentation test set.!
and Poissonbs ratio from experiment al result

simulated indentation depth using the calibrated parameters with the traterdapth
measured in real experiment. Furthermore, superior contact force distribution can be achieved
with the accurate mechanical parameters. The proposed method presents the theoretical basis
that enables accurate lifelong routine calibration, weeklven daily, which can promote the
applications of tactile sensors in real manipulation scenarios
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Figure 1. A sample of a figure (the caption is in Times New Roman 10 pt).
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Method, Approach, Treatment and Solution for Classical Elasticity in
Layered Solids
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Abstract: The mathematical theory of linear elasticity is one of the most classical field theories

in mechanics and physics. It was developed and established by makpoveti scientists and
mathematicians over 200 g/ from 1638 to 1838. For more than 185 years from 1838 to
present, the key task in classical elasticity has been the mathematical, analytical and/or
numerical derivation and formulation of solutions for boundary value problems of interesting

in science ad engineering. Many weknown scientists and mathematicians have made
tremendous efforts in mathematically and analytically derive and formulate solutions for some
classical problems. However, the solutions and/or fundamental singular solutions in closed
form are very limited in literature. The boundasgiue problems of classical elasticity in
layered and graded solids are also one of the classical problems, which were not well solved.
Since 1984, the author has examined the solutions of the classiol@ps using the classical
mathematical tools such as Fourier integral transforms and matrices. This paper presents on the
development history, the main findings, and the fundamental singular solutions for elasticity
of either isotropic or transversely tsopic layered solids subject to concentrated loadings.
Their singularities are isolated and integrated analytically in exact efoseg in terms of
elementary harmonic functions and special functions. As a result, the solutions in layered or
graded sollis can be calculated with any controlled accuracy in association with classical
numerical integration techniques. The mathematical procedures and solutions have been named
by other researchers as Yuebs appr oatonh, Yue
The mathematical approach, treatment and method have also been applied to systematically
derive and formulate new solutions in elastodynamics, poroelasticity and thermoelasticity and
with boundary element methads
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Distribution of ripples in graphene membranes
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Abstract: Intrinsic ripples with various configurations and sizesre reported to affect the
physical and chemical properties of tdmmensional (2D) materials. By performing molecular
dynamics simulations and theoretical analysis, we use two geometric models of the ripple shape
to explore numerically the distributiori opples in the graphene membrane. We focus on the
ratio of the ripple height to its diameter (t/D) which was recently shown to be the most relevant
for chemical activity of graphene membranes. Our result demonstrates that the ripple density
decreases athe coefficient t/D increases, in qualitative agreement with the Boltzmann
distribution derived analytically from the bending energy of the membrane. Our theoretical
paper provides also specific quantitative information on the ripple distribution in geaphd

gives new insights applicable to other 2D materials

Figure 1. Snapshot of graphene membrane at 300 K by molecular dynamics simulations.
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Hydrogen-enhanced separation distance of two partials of edge dislocation
in nickel

J.J. GUO?Y, Y. ZHANG? and D.K. CHEN*#
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Abstract: Hydrogen embrittlement is an important technological problem underpinning failure
of many structural elements. It has been extensively investigated in the literatures; however,
several open issues remain thmkevent a full understanding of this phenomenon. One
important issue is the uncertain knowledge of how hydrogen atoms affect the dislocation core
structure. Here, by exploring the hydrogen role on the dissociated edge dislocation, we reveal
that there exis an additional attractive force between two partials due to the hydrogen
atmosphere, which would reduce the equilibrium separation distance. This hydrdgesd
attractive force is quantitatively estimated by means of continuum mechanics. Furthermore,
molecular statics simulations also capture the hydrogduced separation distance under
varying hydrogen background fractions, qualitatively verifying the theoretical prediction of
attractive force. These findings at the atomistic scale will inform ydeogen embrittlement
modelling and experiments, especially on the hydrogen effect on the dislocation glide, climb,

dynamics strain aging, and so.on
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Figure 1. Hydrogerenhanced separation distance of two partials.
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A local to global (L2G) finite element method for efficient and robust
analysis ofarbitrary cracking in 2D solids
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Abstract: This paper presents and validates a new local to global (L2G) FEM approach that
can analyze multiple, interactive fracture processes in 2D solids with improved numerical
efficiency and robustness. The method features: 1) forming local problems for iadlisidti
interactive cracks; and 2) parallel solving local problems and returning local solutions as part
of the trial solution for global iteration. It has been demonstrated analytically (through a simple
1D problem) and numerically (through several benaking examples) that, the proposed
method can substantially improve the robustness of the global solution process and
significantly reduce the costly global iteration for convergence. The demonstrated
improvement in numerical efficiency is up to P040% for mildly unstable problems. For
problems with severely unstable crack initiation and propagation, the improvement can be more
significant. This new method is readily applicable to other popular methods such as the
extended FEM (XFEM), Augmented FEM (A-EM) and Phantormode method (PNM)
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Application of high formwork support system safety monitoring based on
fiber Bragg grating sensors
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Abstract: The application of fiber Bragg grating sensors for safety monitoringigt
formwork support system (hereinafter referre
poured is described. Combined with actealineering cases of Galatacau Phase 4
Transfer Plate, the fiber Bragg grating sensors are used to monitor the box settlement,
horizontal displacement of support system, axial force, and concrete temperature change. All
the fiber Bragg grating sensaaise specially designed for the measured parameters. And the
installation method of the related sensors and the solution to the temperature strain cross
sensitivity of the fiber Bragg grating sensors are also described. This paper explores the
advantages ahdisadvantages of fiber Bragg grating sensors for safety monitoring of high
formwork support systems and provides reference for subsequent safety monitoring of similar
projects
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Figure 1.The realtime monitoring result
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Shape Selection of Preshaped Liquid Crystal Elastomer Strips
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Abstract: Liquid crystal elastomers (LCES) are slightipsslinked liquid crystalline polymer
networks. LCEs combine three important ideas: orientational order in amorphous soft materials,
responsive molecular shape, and quenched topological constraints [1]. Together, they create
many new physical phenomenaddead to various applications, including but not limited to
photonic devices, soft robotics, artificial muscle, and metamaterials. Recent research have
revealed that chirality plays a critical role in controlling the shape ofassémbled
supramoleculaaggregates. A range of chiral shapes, including tubes with spiral ribbons (with
cylindrical curvature and helical central line), and helicoids (with Gaussian daddle

curvature and straight central line), have been observed in various biologic#isated their

synthetic analogues. The correlation between material characteristics and the macroscopic
shape of chiral aggregates is markedly- compl
nematicelastomer (TNE) film can select between helisoand spiral ribbons when subjected

to temperature change [2]. To mimic the real biological systems better and facilitate
applications in a broader range, we further explore the shape formation-siigged and
constraint LCE strips in this work. We sitate the deformation process of frend and pre

twist LCE strips, and we are able to achieve a spiral ribbon shape in a narrow strip
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Figure 1. Shape transition with the change oflpggad curvature (strip width: 0.2mm).
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Linear polymer chain diffusion in semtflexible polymer network: A
dissipative particle dynamics study
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Abstract: Linear polymer chains transport in the crowded biological environment is
profoundly important to biomedical engineering and nanotechnology. Cytoskeleton, which can
be modelled as a seiftexible polymemetwork, acts as a barrier when linear polymers diffuse
inside the cell. The diffusion of linear polymers with length N in this polymer network is
investigated by the dissipative particle dynamics (DPD) in the present study. Rouse theory is
applied to anaise the conformational dynamics of the linear polymers based on the numerical
results. It is found that the geometric constraint length Na is a crucial parameter to describe the
role of the network of the polymer diffusion. Analyses on Rouse modes shpwnthashort
wavelength regime, the relaxation time obtained in numerical simulation follows the prediction
of the Rouse theory. With the increasing wavelength, the linear polymer exhibits a transition
from reputation behaviour to the spatially homogesdmehaviour at critical length scale Na,
which is illustrated by different scaling laws dependent on wavelength. Based on the analyses
on the Rouse modes and mean square displacements of the linear polymer, we present a non
dimensional conformational dynamfunction dependent on time, with which a scaling law is
proposed to predict the lofigme diffusivity of the linear polymer in a sesftéxible polymer
network with different mesh sizes. It is shown that the prediction is well consistent with our
DPD sinulation results
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Figure 1.(a) Schematic diagram of the linear polymer in a sé&iible polymer networkwhere the red spheres
and blue lines represent the linear polymer, yebpiveresepresent the monomers in the sdi@kible polymer
network, and cyaspheres represent the junctions in the polymer netlmr&omparison of longime diffusivity
D, from theoretical prediction andumerical simulation. The dashed line represents fer pirediction of
theoretical model
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Mechanical force facilitates the SARSCoV-2 viral entry
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Abstract: A global COVID-19 pandemic caused by the SARSV-2 has lasted for three years
since 2019. The recognition of SAR®V-2 spike by the human ACE2 receptors induces the
spike conformational change, aegentually triggers the viral entry. Our experimental studies
showed piconewton pulling forces regulate the recognition and the conformational change of
spike protein. As a result, mechanical pulling facilitates the viral entry. However, the forces
appliedto the spike and ACE2 during the entry is yet elusive. Herein, we developed a
theoretical model to quantify the forces on the sp#@E2 bonds. According to the model,
compressive forces are applied to spikkGE2 bonds at the middle of the contact zameije

the bonds at the edge experiences pulling forces in a range of 0~30 pN. Together with the
experimental findings, we demonstrate that mechanical force fosters-SAR3 spike
recognition of ACE2 and accelerate follayp spike conformation change

SARS2 < |

ACE2

. A _‘/\ 7
host cell / " Pt g apex
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Figure 1. The model concept.
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High-performance and wide relative humidity passiveevaporative
cooling utilizing atmospheric water
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Abstract: The global demand for cooling systems has increased rapidly due to global warming
and improved living standards. However, meeting this demand in economically
underdeveloped areas is challenging due to limatambss to electricity. Evaporative cooling,
which utilizes the liquidvapor phase change of water and provides high enthalpy, is a widely
used and cosgffective solution. Nevertheless, its potential applications are limited by the
significant amount of wer required for the process. In this study, we present & high
performance and wide relative humidity (RH) salaiven evaporative cooling strategy that
uses atmospheric water exclusively. We have designed a composite material comprising a
hygroscopic séimodified metalorganic framework (MO#01) with exceptional atmospheric
water absorption capabilities across a broad range of RH. This composite material mimics the
natural "breathing" process of adsorption and desorption cycles, allowing it to natunclly
sustainably absorb water from the air at low temperatures and desorb it at high temperatures.

Our experiments demonstrate that the composite material can adsorb atmospheric water up to
~22% (~80%) of its weight at an RH@28% (~70%). By coating thigposite material onto

a commercial solar panel, we have achieved cooling powers ranging from 3284 Y/m2

across a broad range of RH, with passive cooling temperatures upNo tbdver than those

of the device's reference counterpart. This innovativegdgsesents a promising pathway to
replace traditional compressirased cooling systems, suchaasconditioners, and provides

a direction for designing cooling systems that can reduce global energy consumption in the
future. Our study sheds light oretpotential of atmospheric water as a sustainable resource for
meeting the growing demand for cooling systems, especially in underdeveloped.regions
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Figure 1. The evaporative cooling strategy based on hygroscopic salt and MOF compositalifige
demonstration for commercial PV panel showed a cooling power ~31% Wilma maximum cooling
temperature up to 14 K.
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A data-driven reconstruction method for dynamic systems with multistable
property
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Abstract: In this work, Sparse Identification of Nonlinear Dynamics (SINDy) algorithm is
generalized to nonlinear dynamic systems with multistable property. For a bistable bionic joint,
we find that the classical SINDy fails fits dynamical model reconstruction due to the lacking
ergodicity with tiny amount of time history signals. Aiming at the accuracy and precision of
model reconstruction of muiitable nonlinear dynamic systems, a generalizeddiaten
reconstruction metid is proposed based on data assembly principle and sparsification
parameter determination technique. The datasets are expanded by different initial conditions
for the dynamics ergodic. Besides, to resolve the difficulty on the determination of
sparsificaibon parameter, the {mbjective optimization scheme considering both sparsity and
accuracy of the reconstruction model is constructed. Based on the Pareto front and Knee point
theory of the biobjective optimization scheme, it provides the precisely detation
technique for the sparsification parameter range. Two numerical examples are conducted on
bistable and quadtable nonlinear systems to verify the effectiveness of the generalized data
driven reconstruction method. Then, the experimental prototypene bionic joint with
bistable property is carried out, which possesses both geometric and constitutive nonlinearity.
Assembling the experimental signals with measurement noise according to the proposed data
assembly principle, the generalized recorwtom method proposed in this paper can capture

the position of the stable equilibriums and accurately reconstruct the dynamic model of the
bistable bionic joint. Since the ergodic dataset can be further extended, proposed reconstruction
method for dynamisystems with multistable property has effectiveness and robustness. The
generalized datdriven reconstruction method successfully solves the problems -@frgodic

data and undetermined sparsification parameter in the model reconstruction of multistable
systems, which could be further extended to reconstruct the governing equations of nonlinear
dynamic systems with hysteresis nonlinearity. The proposed reconstruction method can be
applied to the model reconstruction of multistable nonlinear systems frettis of robotics,
deployable structures etc
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Ultralong mean free path phonons in HKUSTF1 and their scattering by
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Abstract: Metalorganic frameworks (MOFs) have gained tremendous attention due to their
potentials in energy areas, such as carbon capture, catalysis, chemical sensing, and gas
separation and storage. Their thermal transport properties which determine their goezéorm

must be known while are rarely studiel Using atomistic simulations and experimental
measurement? we systematically investigate the thermal transport properties of a typical
MOF (i.e., HKUSTF1) considering the adsorbed water molecules.

We find that the thermal transport in HKU&Tis significantly depressed undbe impacts of

water adsorbent. We computationally prove that the mean free path of these small wave vectors
can exceed one hundred nanometer and the corresponding thermal conductivity is strongly size
dependent. Our results reveal that the adsorptionabénmolecules into framework could
introduce extra phonon scattering in HKUT These long mean free path phonons in
HKUST-1 are strongly scattered by the adsorbed water molecules resulting in the weak size
dependence in the thermal conductivity of waesorbed HKUSTL. The simulation results

find that two pathways for the thermal energy exchange, e.g., the phonons and the water
molecules, exist in HKUST with water molecules. The competition between the two thermal
pathways leads to the first decres@d then increased thermal conductivity with the quantity

of the adsorbates.

Our results demonstrate that the thermal transport properties of MOFs can be modulated largely
by water adsorbent s, which can benefmak t he
related applicatiorts
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Figurel (a) The original structure of HKUST. (b) The configuration of adsorbed HKUSTwith a water
molecule density of 0.337 g/cm3. (c) Schematic illustration of the influence of water adsorption on phonon
transport of HKUSTL. (d) The thermal conductivitie$ adsorbed HKUSTL with different water
molecule density, and thermal conductivities from Ré&fd.
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Investigation of the overtip shock waves in tip leakage flows
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Abstract: In most cases, rotdslade tip clearance is inevitable in ducted turbomachinery to
avoid bladetip abrasion. Due to the aerodynamic loading, a pressure difference is imposed
between the inlet and the exit bitclearance. This leads to pressinigen tip leakage flows
(TLFs). Timeresolved schlieren visualization is used to investigate TLFs in the clearance
region. A common generic blade tip model is tested in a wind tunnel under transonic operating
conditiors. A multicutoff superposition technique is developed to achieve better flow
visualization. Quantitative image processing is performed to extract details of TLFs. Unsteady
flow structures such as ovep shock oscillation, shedayer flapping, and vorteshedding

are revealed by Fourier analysis and dynamic mode decomposition. To predict the generation
and decaying of oveip shocks, a simplified model is proposed by analogizing the shock
system to be an{¥haped sawtooth wave. The results show thatTiie proposed model is

able to capture the main features of the generation and decaying -tifposteock waves. The
processes of shock generation, decaying and famlibhgre dominated by the mean background
flow, the shock state and the flow fluctuatiorrespectively. Adding extra coming flow
fluctuations can be an efficient way to control the evolution of-tipeshock system. (2) The
overtip shock waves are locked by frequency and position with the shdayer flapping

mode. This lockn effect 5 also observed in TLFs over contoured blade tips. Constrained by
this lockin effect, the evolution of oveip shock waves is separated into four discrete phases.
This spatialdistribution pattern can be applied for the control of dieheat loading iad the
rolling-up of tip leakage vortices
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Figure 1. T|meresolved density gradient distributions: (a) measured; (b) predicted.
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Linear-modelbased study of the coupling between velocity and temperature
fields in compressible turbulent channel flows
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Abstract: We employ a linear model, i.e., the tdonensional spectral linear stochastic
estimation (SLSE) [1], to study this coupling from the perspective of the-gualieenergy
containing eddies. The connections of the two fields are found to be varied with tmexmaal
position in the boundary layer. Their entanglement is strongest in thevakaegion, and

only the extreme thermal events cannot be captured by Sh$ite logarithmic region, only

the scales that correspond to the attached eddies and the vesciagmotions (VLSMSs) are

firmly coupled. The neawall footprints of the former are organized in an additive manner and
fulfil the predictions of the cebrated attachedddy model. In the outer region, the two fields

are linearly coupled only at the scales corresponding to VLSMs. These findings are
demonstrated to be insensitive to the Mach number effects and ascribed to the similarity
between the momentuand the heat transfer in compressible wall turbulence. And it is also
shown that it is the Reynolds number rather than Mach number that acts as a key similarity
parameter in constructing their coupling
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Figure 1. (a) Relative deviations as functionggf for all the cases; (b)

deviations as functions gf" for all the cases.

Acknowledgemens

L.F. acknowledges the fund from the Research Grants Council (RGC) of the Government of
Hong KongSpecial Administrative Region (HKSAR) with RGC/ECS Project (No. 26200222).

References

Baar s, W. J, Hut chins, N. & Mar usi c ,-Reynoldsnurgbertvedl ) ,
bounded turbulence for a refined infarter interaction maal | RhysicalReview Fluid 1, 054406.

49 April 15, 2023, Hong Kong

nSpe


mailto:linfu@ust.hk
mailto:ccust@ust.hk

The 26" Annual Conference of HKSTAM 2023
The 18" Shanghai Hong Kong Forum on Mechanics and Its Application

A Novel How Control Method Incorporating the Riblet Technique on
Cascade profile andExperimental Validation
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Abstract: For the purpose of reducing the flow loss in the compressor cascade, the
aerodynamic design dhe blade geometry is essential. The traditional aerodynamic design
focuses on curve modification, and the surface structure design is rarely considered in the
optimization framework. Recent studies have revealed that micro riblet surface provides an
excelent application prospect in drag reduction, which offers a new idea for the design of
compressor cascade. | n tfhlicsw plaggesd @o rctornale pit
an innovative optimization method combining profile and riblet designvsloeed further to
improve the aerodynamic performances of the compressor cascade. In the design process of
multiple iterations, the mukscale simulations describing the whole flow field with a massive
amount of grids would cause unaffordable costs. 8fbes, the bladeiblets simplified
simulation strategy is employed to evaluate the aerodynamic performances of the cascade
profile with riblets and make the profile with riblet design practicable. The flow loss
characteristics of the original cascade amd optimal cascades are assessed and verified by
wind tunnel tests. The simulation and experimental results both indicate that the profile with
the riblet design significantly further reduces the total pressure loss of the compressor cascade
compared tohte traditional profile design. The proposed concept in this paper increases the
dimensionality of the geometry design and further exploits the design potential of the
compressor cascade
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A new low-dissipation finite-volume method based on the TENO scheme for
unstructured meshes
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Abstract: The development of higbrder lowdissipation shockapturing scheme is
challenging for compressible fluid simulations, due to the presendesadntinuities, e.g.,

shock and contact waves, and brti@hd continuous flow scales. As one of the sbddine

art highorder numerical reconstruction schemes, the family of-bigler targeted ENO
(TENO) schemes proposed by Fu et al. [1] has been de#rated to perform well for
compressible gas dynamics on structured meshes and recently extended to unstructured meshes
by Ji et al. [2]. The core novelty of the highder TENO schemes relies on the ENK2 stencil
selection process, which either depltlys candidate stencil with the optimal linear weight or
completely suppresses its contribution when crossed by a discontinuity. Such a sharp stencil
selection guarantees the resulting {dissipation TENO scheme recovers the background
linear scheme exdgtup to intermediate wavenumber. However, when handling the other
typical procedure in the finite volume framework, i.e., solving the Riemann problem to
determine the cell interface flux, all Riemann solvers currently available for unstructured
meshes ar@applied indiscriminately with additional dissipation aimed at achieving stable
shockcapturing. Consequently, the resultant interface flux calculation process of smooth flows
become unnecessarily dissipative due to the additional dissipation althosigidispensable

for the nonsmooth flows.

In this work, with the observation that the TENO scheme not only provides the reconstructed
data at the cell interface but also classifies the local flow scales as smoothsonawth on

the discretized mesh, weopose a novel lowissipation finitevolume method based on the
high-order TENO scheme for unstructured meshes. This new method provides a separate
control over the numerical dissipation of the reconstruction stage and the flux computing stage
in a unified framework and leads to a resultant fivitdume method with the extremely lew
dissipation property. Without parameter tuning case by case, a set of benchmark cases has been
conducted to assess the performance of the proposed method
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High-precision aerodynamic and noise simulation of helicopter rotor
hovering and forward flight

Jiawei SHENGY2# Xiaoquan YANG'2", Jue DING'2, Xiaolong TANG 2, Guohui
H Ul, 2

1 School of Mechanics and Engineering, Shanghai University, Shanghai, China;

2 Shanghai Institute of Applied Mathematics and Mechanics, Shanghai, China;

* Corresponding authoguanshui@shu.edu.cn

# Presentererun@shu.edu.cn

Abstract: Based on the static/motion overlapping grid, the high precision prediction of the
hovering/forward flight compressible laminar and turbulent flow fields of the helicopter wing
body is achieved by using the Finite Volume Method. Combining-pighision numerical
simulation and industrial application experience formula, a coupled tniategy was
developed to efficiently trim the rotor and fuselage under maneuvering state, such as variable
pitch and swing, and then the noise problem of hovering and forward flight of a helicopter
including the main rotor and other air components was tefédg simulated and the results
were analyzed. The results show that: Rotor noise duringspmed forward flight is mainly
divided into discrete noise related to blade rotation frequency andbait noise related to
turbulent pressure pulsation freqogron blade. The attenuation of the noise signal of the
rotor's highorder harmonics is relatively fast. The main area of noise radiation is concentrated
in the lowfrequency region, which is close to the main frequency of the rotor rotation cycle,
that is the dominant part is discrete noise. However, with the increase of forward ratio, obvious
nonlinear quadrupole noise (higpeed pulse noise) appears when the tip Mach number
reaches the transonic state, so it is more difficult to calculate and cdptuneise at large
forward ratio. Through the directivity analysis of the thdémensional sound pressure
radiation, it is verified that the rotor noise mainly affects the forward area of the rotor disk, and
the sound pressure pulsation under the forwdadlebis more prominent because of the
downwash flow field induced by the blade rotation

770

(a) planexXoy (b) planexoz (c) plane YOZ

Figure 1.Peak radiation directivity of fafield noise sound pressure pulsdifferent plane®f AH-1g rotor in
operating condition No. 10014 (R=3.44r)
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Enstrophy production in compressible isotropic turbulence withvibrational
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Abstract: High-temperature compressible turbulence occurs in many fascinating physical
problems and applications, including supersonic combustion dreathing propulsion
systems, higienthalpy flows associated withiypersonic vehicles, and objects entering a
planetary atmosphere, etc. The elevated temperature in compressible turbulence may give rise
to many processes, such as vibrational energies excitation. Furthermore, any redistribution of
internal energy among fferent modes owing to a change of environment requires a number

of molecular collisions and hence a certain characteristic time, which closely depends on the
conditions of temperature and pressure. When the characteristic time for redistribution
(relaxaton time) by molecular collision is of the same order as the time scale of fluid flow, the
nonequilibrium effect must be taken into account, and it is said to be in thermal nonequilibrium.

In this work, the enstrophy production is numerically investig&edtatistically stationary
compressible isotropic turbulence in vibrational +soyuilibrium with a largescale thermal
forcing. The net enstrophy production term is decomposed into solenoidal, dilatational and
isotropic dilatational terms based on thelrhlgoltz decomposition. From the full flow field
perspective, the net enstrophy production mainly stems from the solenoidal term. For the
dilatational and isotropic dilatational terms, although their local magnitudes can be
considerable, the positive valugsthe compression region and the negative values in the
expansion region cancel out on average. For the solenoidal component of the deviatoric strain
rate tensor, the statistical properties of its eigenvalues and alignments between vorticity and its
eigevectors are nearly independent of the local dilatation and vibrational relaxation. The
solenoidal components of enstrophy production along three eigendirections are thus mainly
affected by the vorticity. For the dilatational component of deviatoric staééntensor, the
statistical properties of its eigenvalues and alignments between vorticity and its eigenvectors
closely relate to the local dilatation and vibrational relaxation. The dilatational components of
enstrophy production along three eigendiett are therefore affected by the vorticity,
eigenvalues and alignments between the vorticity and eigenvectors
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for compressible flows

Tianrun GAO® #and Lin FU 2"

! Department of Mechanical and Aerospace Engineering, The Hong Kong University of Science and Technology,
Clear Water Bay, Kowloorlong Kong China

2 Department of Mathematics, The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon,
Hong Kong Chima

* Corresponding autholinfu@ust.hk
# Presentertgaoal@connect.ust.hk

Abstract: In this work, we establish a hybrid higinder SPH framework (MLSENO-SPH)

for compressible flows with discontinuities, which is able to achiesteume highorder
convergence in smooth regions and also capture discontinuities well-snmamth regions.

The framework can be either fully Lagrangian, Eulerian or realizing arditgyangian
Eulerian (ALE) feature enforcing the isotropic particletrilisition in specific cases. In the
proposed framework, the computational domain is divided into smooth regions and non
smooth regions, and these two regions are determined by a strong scale separation strategy in
the TENO scheme. In smooth regions, thesimg-leastsquare (MLS) approximation is used

for evaluating higkorder derivative operator, which is able to realize genuine-tidar
construction; in norsmooth regions, the new TENO scheme based on Vila's framework with
several new improvements wileldeployed to capture discontinuities and higtvenumber

flow scales with low numerical dissipation. The present MIENO-SPH method is validated

with a set of challenging cases based on the Eulerian, Lagrangian or ALE framework.
Numerical results demomate that the MLSTENO-SPH method features lower numerical
dissipation and higher efficiency than the conventional method, and can restore genuine high
order accuracy in smooth regions. Overall, the proposed framework serves as a new exploration
in high-order SPH methods, which are potential for compressible flow simulations with

shockwaves
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Figure 1 Double Mach reflection problem: the density fields are simulated usinglAN®-SPH
method, and the comparison &fdnd & order accuracy is presented on the left and right, respectively.

Acknowledgemens
Lin Fu acknowledges the fund from Research Grants Council (RGC) of the Government of
Hong Kong Special Administrative Region (HKSAR) with RGC/GRF Project (No. 16206321).

54 April 15, 2023, Hong Kong


mailto:linfu@ust.hk
mailto:tgaoal@connect.ust.hk

The 26" Annual Conference of HKSTAM 2023
The 18" Shanghai Hong Kong Forum on Mechanics and Its Application

A robust compact LeastSquares reconstruction method for compressible
turbulent flow simulations of complex configurations

Jia YAN#, Xiaoquan YANG*2, Jue DING?, Jianan HU'and Yongle L 1U*

1 Shanghai Institute of Applied Mathematics aidchanics, Shanghai University, Shanghai, 200072, China;
* Corresponding authoguanshu®shu.edu.cn

# Presenteryanjia2hao@shu.edu.cn

Abstract: For the secondrder finite volume method, implicit schemes and reconstruction
methods are twomain algorithms which influence the robustness and efficiency of the
numerical simulations of compressible turbulent flows. In this paper, a compacSoeases
reconstruction method is proposed to calculate the gradients for the distribution of ftbw fie
variables approximation. The compactness of the new reconstruction method is reflected in the
gradient calculation process. The geometries of therfaighboring elements are no longer
utilized and weighted average values at the centroid of the icgesréae used to calculate the
gradients instead of the values at the centroid of therfeicgboring elements. Meanwhile, an
exact Jacobian solving strategy is developed for implicit temporateigation. The accurate
processing of Jacobian matrix aaxtensively improve the invertibility of the Jacobian-tna

and avoid introducing extra numerical errors. In addition, a modified Venkatakrishnan limiter
is applied to deal with the shock which may appear in transonic flows and the applicability of
thementioned methods is enhanced further. The combination of the proposed methods makes
the numerical simulations of turbulent flow can converge rapidly and steadily with an adaptive
increasing CFL number. The numerical results of several benchmarks intlieat¢he
proposed methods perform well in robustness, efficiency, accuracy, and have good application
potential in turbulent flow simulations of complex configurations
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Fig. 1. The convergence history of density and the increasing histd@Fbhumber (compact LSRMZFLnax
=10, traditional LSRM1: CFLnax=1C, traditional LSRM2: CFLmax=1C)
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Kinematic properties of vortical structures in compressible walbounded
turbulence
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Abstract: Since the early 1950s, the vortex structure has been recognized to play an important
role in the dynamics of neawall turbulence. This work scrutinizes kinematic features of
vortical structures, e.g., size, strength, and population, in compressiblébonatied
turbulence using the direct numerical simulations (DNS) database of turbulent chawsel fl

A satisfactory agreement is achieved for most features among compressible and incompressible
cases in the sermcal scaling. Specifically, the size of vortices is larger and larger in the wall
normal distance, while its strength weakens. Regardiagptipulation, the percentage of
streamwise vortices continues increasing until the inner edge of the logarithmic region, whereas
spanwise vortices occur more and more frequently over the entire logarithmic region and outer
layer. These works advance ourokriedge of the vortex structures in compressible wall
turbulence

Figure 1. Extracted vortical structures in the instantaneous fidid=at.5.
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Risk assessment of life loss in floods in a coastal city based on the
hydrodynamic model
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Abstract: Many coastal cities are threatened by flood disasters by extreme weather such as
typhoons and rainstorms, which result in serious economic losses and infrastructure damage.
Flood risk assessment can help wdikaster prevention and improve urban resilience. This
study assessed the loss of life induced by the flood disaster in the coastal cities of Macao
Peninsula during the typhoon. The joint probability of storm surge and rainfall is estimated
using the copu function. A coupled hydrodynamic model of the drainage and overland model

is established to simulate the flooding on Macao Peninsula. The flood simulated by the
hydrodynamic model is used to quantitatively evaluate the flood during the typhoon. The
numercal simulation of the flooding process considered the hydrodynamic interaction between
the land surface and the drainage pipes. The flood damage to people was evaluated based on
human vulnerability in floods. The life loss could be estimated based @hdha&cteristics of

the simulated flood scenario obtained from the flood model. Flood risk is quantitatively
assessed through the probability of flood occurrence and loss of life in floods. The maximum
simulated flood depth is about two meters during tiphdpn through the flood model. The
coastal area in the western part of the Macao Peninsula is more vulnerable to floods and has
higher mortality than other areas. Due to the high population density, this area has a higher
probability of potential loss offe in extreme floods. This study is helpful for flood disaster
assessment and urban flood control for coastal areas
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Figure 1. The simulated flood depth during Typhoon Mangkhut in Macao Peninsula.
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Experimental study on dynamic shear modlus and liquefaction resistance
of coral sandunder cyclic loading
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Abstract: To evaluate the effect of fingrained soil (FS), relative density and stress level on
the shear modulusd liquefaction resistance of coral sand, a set of undrained hollow torsional

shear and resonant column tests were carried out. Test results demonstrated that equivalent

skeleton void ratio has a unique power relationship with the normalised maximum dynami

shear modulus. Besides, pore water pressure (PWP) developing process of pure coral sand and

mixtures present three stages along with the rate of PWP ratio (PWP to effective confining
pressure) as shown in Fig. 1. Test outcomes showed that terminal B@PRasa positive
relation with effective confining pressure and cyclic stress ratio (CSR), and the liquefaction

degree was aggravated at high stress level. Nevertheless, the cycle number to cause liquefaction

has a negative relation with FS content oest level. FS can improve the liquefaction

resistance of mixtures. Furthermore, for a given shear strain, dynamic shear modulus decreases

with increasing fine content, increases with increasing relative density and effective confining
pressure. The curved the maximum dynamic shear modulus rate (G/Gmax) tend to decline
with increasing fine content, while relative density and stress level have little influence on
G/Gmax

X |
First stage | Second stage : Third stage

PWP ratio

A
g a
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Fig. 1 PWP developing process of pure coral sand and mixture
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Centrifuge and numerical modelling of the structurdly cemented stone
column-seawall system
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Abstract: This study focuses on centrifuge and numerical modelling of a structurally cemented
stone columsseawall system for environmentally friendly reclamation. In this study, a
centrifuge test is performed to inviggtte the reinforcement mechanism and interaction
between sea mud and structurally cemented stone columns. The experimental results of the
centrifuge test are discussed, including the undrained shear strength profile of the marine
deposit, the deformatioof the seawall and backfill soil, the change of pore water pressure in
the sea mud, pressure distribution on the top of stone column and the movement of marine clay.
In addition, a finite element analysis is performed to simulate the centrifuge modelimagcor

to the prototype scale. The calculation results are generally consistent with the actual test results,
which verifies the rationality of parameter selection. Finally, a grid seawall system is proposed
to improve the seawall stability and reduce itlodaation
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Figure 1. (a) Centrifuge modelling of the structurally cemented stone cedaawall system; (b) Displacement

field of numerical model of the structurally cemented stleamnseawall system.
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Earth Pressure Distribution of Offshore Monopiles with Different
Slenderness
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Abstract: By means of 3D finite element modelling, we investigate the slenderness effect of
monopiles on soil deforation and the associated earth pressure distribution under lateral
loading. We show that the magnitude of either normal contact stress or shear stress at a pile
section decreases with increasing pile diameter, but the distribution pattern of the normalized
one is nearly the same. Furthermore, we show that the wadeBpted theoretical distribution

of shear stress is inappropriate due to neglecting the relative slip and gap between pile and soll
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Figure 1. Normal contact stregsstribution of flexible pile, semirigid pile and rigid pile, respectively.
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Figure 2. Contact stresses (in MPa) across pile perimeter (depth=2 m and section displacement=120 mm).
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Study on Settlement of Immersed Tunnel Segment Based on 3D Numerical
Manifold Method Considering Uneven Back Silting and @mplex Strata
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Abstract: Immersed tunnel has been adopted worldwide due to its environmental friendliness
and adaptability to diverse geological conditions. Howevemriegen settlement of immersed
segments, caused by factors such as poor foundation, silting during construction, water flow
and wave action, uneven silting, etc., has posed significant challenges to theerfong
serviceability. Traditional FEM requires large amount of computation when simulating
complex strata, and cannot efficiently simulate the interface between structure and soil. This
study introduces a numerical simulation method that combines Voxel Crack Model (VCM)
with Numerical Manifold MethodNMM) into tunnel engineering research, building a 3D
model of the E17 section of the Hong KedlguhaiMacau Bridge tunnel. The Model present
complex discontinuous surfaces in multiple strata and uneven back silting during the
serviceability of tunnel. Redts shows that uneven back silting can lead to significant
settlement differences, and the introduced NMM is verified to be effective in settlement
simulation for immersed tunnel with high efficiency, making it a valuable tool fowesdd
engineering pplications
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Figure 1. Cloud maps of the settlement of tunnel in different conditions
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Numerical Simulation of Coastal Breakwater Using Signed Distance
Field-based fully resolved Coupled CFEDEM
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Abstract: Understanding Flui®tructure Interaction (FSI) is critical to safety of coastal
infrastructure and coastal engineering. In this study, we present a computational study of
coastal breakwaters using a signed distance field (SDF) enhanced fully resolvést coup
computational fluid dynamics (CFD) discrete element method (DEM). Multiphase fluids are
modelled using CFD based on finite volume method and volume of fraction approach, whereas
particles with irregular shapes are modelled using-BBM. The SDFCFD-DEM enables

fully and robust consideration of arbitrarily shaped granular particles and consistent and
efficient implementation of the fluigarticle interaction in fully resolved CFD. The model is

first validated by analytical solutions and experimentah dhtis then employed to simulate

the response of breakwaters of different packing configurations subjected to the impact of
waves. Potential internal erosion within the breakwater is examined systematically. The
proposed approach offers a promising Hiiglelity computational tool to model complex fluid
particle systems

vox

Figure 1. SDFCFD-DEM simulation of wave impacting a breakwater
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Numerical Simulation of Granular System under Cyclic Excitation using
Discrete Element Method
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Abstract: Granular materials are ubiquitous both in nature and in industry. Because the
granular system is a nghermal system. It will break away from the qustsitic state and

have specific motion behaviour only when it is subjected to external excitationveipwe
granular system is highly sensitive to external excitation: different excitation often leads to
different motion characteristics. Therefore, the behaviour of granular has a high degree of
complexity. In this article, granular size segregationgradgiular crystallization when the
granular system under the action of unsteady cyclic excitation are repeated by using discrete
element method (DEM).

(a)

Figure 1. Granulaerystallization obtained by DEM under different gravitations.
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Verification of unsaturated shear strength theory of expansive soil using
conventional direct shear test
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Abstract: In this paper, an unsaturated strength theory considering the microstructural
properties of expansive soil was introduced, where the parameters have explicit physical
meanings and determination methofiseries of conventional tests, including the filter
paper method and conventional straight shear test, were carried out to valideisatiieated
shear strengttheory. Sodwater characteristic curves of soil samples with different dry
densities were measuréy the filter paper method, from which the pore distribution of the
soil was obtained and furtherly the matrix suctibhen the strength of unsaturated soil was
predicted by shear strength theory using matric suction and moisture content.
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Figure 1.Relationship between saturated degree and suction for expansive soil with different dry densities
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A new time-domain dynamic response reconstruction method based on
model condensation
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Abstract: Structural dynamic response reconstruction of kmgpe civil engineering
structures by traditional methods resulth@avy computational burden with low efficiency. A

new timedomain response reconstruction method (see Figure 1) based on model condensation
is carried out to release the computation burden. Depending on the characteristics of the target
structural systenthe dimensions of the condensed system matrices can be much smaller than
those of the original finite element model. Baraks filters are used to decompose the
measured structural responses to identify the important modes for response reconstruction. The
transformation matrix is computed based on the modal matrices of the condensed model. It
must be pointed out that no excitation information is needed in the proposed method. The
dynamic responses at sengmaccessible locations can be reconstructed leypitoposed
method through modal superpositions and coordinate transformations. A numerical and an
experiment case study were employed in this paper to verify the efficiency and accuracy of the
novel response reconstruction method. In the experimentadtcalyeof a twestory steel frame,

modal identification and model updating were carried out based on the measured acceleration
data. The results of both the numerical and experimental case studies show the superior
performance of the proposed method whemgared to traditional methods.

Keywords response reconstruction, largeale structures, modelondensation, modal
identification, model updating
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Abstract: Material Point Method (MPM)s a powerful numerical tool for simulating large
deformations However, difficulty to impose proper dynamic boundaries in MPM hinders its
application in seismic analysis. In th&gudy, we propose a method to implement the
transmitting boundary and fréeld boundary in MPM, in which particle tractions (Nairn and
Guilkey 2015) are accurately applied to allow for large deformations (e.g., across cells)
especially under strong eagiekes. A benchmark case is conduttedalidate the developed
model for wave propagation in an elastic slope. It is found that the dynamic boundaries enable
accurate earthquake input and effectively avoid the wave reflections at model boundaries for
both shear waves and compression waves. Then, an elastoplastic slope model is developed to
investigate the effects of wave type, slope geometry and soil properties on the failure mode of
the slope during earthquakes. It is found that generation of shearhmdwore significant
damping effects on the propagation of shear wave than that of the compressive wave. In
addition, failure of a sandy slope mainly occurs at a shallow depth, while a clayey slope usually
generates a deeper sliding surface or even mall§pear bands, as shown in Fig. 1. Further
studies are under way to consider the hydromechanical coupling effects in seismic analysis.
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Figure 1.Comparison of failure patterns between (a) a sandy slope and (b) a clayey slope.
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Prediction of spatial behaviour of immersed tunnel joint using machine
learning method
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Abstract: As critical connecting components of thremersed tunnelimmersion joints are

highly vulnerable and ssitive to environment changes, which should be monitored by
structural health monitoring system as shown in Fig. 1. However, the system faces challenges
of insufficient monitoring data. In immersed tunnel of Hong K&mgihatMacao Bridge, the

health monibring system includes 34 groups of axial displacement data while only 7 groups of
structural temperature data are available, making it difficult to analyse the joint performance.
In this study, physical and spatial correlations between axial displaceménlinaited
structural temperature data are established using simple regression models, with their
coefficients estimated by Bayesian optimization method. The spatial characteristics of
immersion joints are adopted as inputs to predict the regressioncmrgfiusing machine
learning models such as Linear Regression, Ridge Regression, and genetic programming. The
results show that there is a certain spatial correlation among tunnel joints, and Ridge Regression
could capture this correlation and outperforoteer methods in terms of accuracy and
generalization performance.
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Fig. 1 Layout of HZMB immersed tunnel with segments equipped temperature sensor highlighted (a) and sensor
settings for Segment E17 (b).
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The study of foreign object damage law at different positions of aerengine
blade
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Abstract: In order to study the differences in damage characteristics caused by foreign objects
at different locations of aerengine fan blades, arm, 304 steel pellet was used as a foreign
object, and a thredimensional finite element model was constructed based on the rate
dependent intrinsic model by conducting foreign object damage tests at diffepatt
locations through a light gas cannon, and the predicted FOD damage areas were compared with
the experimental results, and a high degree of agreement was achieved between the two. The
effects of impact location as well as impact angle on the trenchmdctor velocity were
investigated using the constructed finite element model. The results show that the leaf tip is
weaker and more prone to penetration type damage patterns compared to the leaf root and leaf
basin locations; it is also found that tlansformation trend of the residual velocity of the
impactor differs with different damage patterns.
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Figure 1. Transformation curve of impact response speed at 90° angle.
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3D printing of nanopillar -structured CHsNH3sPblz perovskite with high
stability and flexibility
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Abstract: Hybrid perovskite materials have attracted significant attention intrgeans due

to their unique optoelectronic properties. Among themzNHRPbk is one of the most
promising hybrid perovskite materials that has been widely studied. However, despite the
extensive research, the fabrication methods and the mechanical propertiesNéi:EBbk,

which are crucial for determining the stability and rdligbof the material, remain poorly
understood. In this study, we present a novel approach for fabricatyi¢HzPbk nanopillars

using a meniscus containing femtoliters of ink that guides the solo#mhated evaporatien
driven crystallization in midaifFurthermore, we conducted a compression test aghBkPbk
nanopillars using an atomic force microscope (AFM) cantilever to study their mechanical
behavior. Our results demonstrate that the successfully fabricated nanopillars exhibit a
compressive stretig of approximately 97 MPa and are capable of recovering, indicating their
high potential ability to be used in advanced flexible optoelectronic devices. Our findings
provide valuable insights into the mechanical properties ofNEHPbk nanopillars, which

could inform the development of new perovskite materials with improved mechanical stability
for various applications.
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Figure 1.(a) Schematic of the printing process of @ElsNH3Pblz nanopillars (b-d) Compression test of
CHsNH3sPbl nanopillars using an atomic force microscope (AFM) cantilewed) A series of sideview optical
micrographs in the pressing proce&s:g cantilever with a length of approximately 38 and a spring constant
of 3 N/m was positioned at a distance ofeav micrometres away from a nanopillar with a diameter of
approximately 600 nm and a height of approximately 5 jgnthe AFM cantilever contacts with the nanopillar
under pressing. Thgellow dash linedenotegheinitial cantilever axis directigrwhile a red lineshows the bent
cantilever axis directioatthe end of compressio(d) therecoveryposture after compression.
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Machine Learning-Based Prediction of Morphological Configuration and
Mechanical Behavior of Kirigami-Inspired Programmable Active
Composites
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Abstract: Kirigami-inspired designs hold great potential for the development of functional
materials and devices, but predicting the morphologicdlgunmation of these structures under
various loading conditions remains a challenge for traditional experimental and simulation
methods. Here, we present a novel approach that utilizes machine learning to accurately predict
the deformation and stress figtlkirigami-inspired programmable active composites. To train

our model, first we used a chemical corrosion algorithm to generate a dataset of kirigami
inspired imaging model accompanied by utilizing finite element simulations to obtain their
deformationand stress fields as the ground truth, and then trained the deep learning model to
offer robust predictions of the displacement and stress fields of the designated structures. Our
results demonstrate the effectiveness of this approach in predicting thanicat behavior of
kirigami-inspired active structures, paving the way for the development of advanced and
functional composite designs that are programmable and active.

Pattern | Original \

(Grayscale)

N y

} Pattern(RGB) }

|
|
|
|
| |
| Preprocess;
|
|
|
|
|
|

———

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Discriminator
PatchGAN

S AN

Deformed
Pattern

[ (S

Figure 1. Overview of the proposed work in the kirigansipired programmable acéwcomposites
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Molecular Dynamics Simulation of the Diffugson Coefficient of lons Through
Graphene Nanopores
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Abstract: lons transport through nanoscale confinements is of great importance in various
areas, such as energy conversion, energy storage, and desaliffaidiffusion of ions is an
important transport property and may determine the performance of difidgiimated
systems. Nevertheless, most of the previous studies on ion transport are driven by external
pressure gradients and electric fields to oltaénstreaming velocities of ions. As the essential

role in certain energy systems, the diffusion coefficiraf ions has not been extensively
studied. In this study, we investigate the diffusion coefficien€odnd Cl through graphene
nanopores driveiy concentration gradients by molecular dynamics simulations.Dltse
sensitive to the pore size when the pore diameter is smaller than 3 nm and independent on pore
size for larger pores. The dependenc®ain the porosity shows a ndarear relationsip.

The energy barriers of ions diffuse through the graphene nanopore with different diameters and
porosity are studied. A general scaling law forEhis also proposed.
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Figure 1. Snapshot of a simulation system.
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An efficient search algorithm of fracture angle of IFF criterion and the
progressive damage model considering strairate effect
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Abstract: Puck6s | FF criterion has been widely ac
description of dormation and failure evolution in composite materials. In this paper, a fast
search algorithm for potential fracture plam@d a progressive damage model with correction

of strainrate effect are proposed. Firstly, the maximum values of three fracture plane tractions
are calculated according to the converted cosine function expression, and the angle
corresponding to the largeof the four stress exposures is selected as the starting point. Then
the maximum of the stress exposure curve is determined using the GSS algorithm. Furthermore,
the modules, strengths and critical energy releasgatthbfferent strain rates are étt with a
logarithmic function form and the correction coefficients are calculated. Based on above work,

a user subroutine of ABAQUS VUMAT for the novel progressive damage model is built. To
verify accuracy of the novel model, a series of dynamic compresssts under loading rates
ranging from 0.001/s to 1200/s with different ply orientations are conducted. The comparison
of results shows good agreement and the novel progressive damage model can accurately
predict onset and crack propagation in composgéerials.
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Figure 1. The calculation flow diagram of the improvement searching algorithm
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A Mechanical Stress Control Methodin Silicon-Based Anodes for Enhancing
Cycling Performance of Lithium-lon Batteries
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Abstract: This work investigates the utilization of stresmtrol charging strategies derived
from stress analysis of a silicon particle to improve the cycling performance of sbseal
lithium-ion batteries. A me@nochemical model coupled with the free volume theory is used
to analyze the stress evolution in the silicon particle under +stalgie current strategies for
charging at different levels of state of charge (SOC). The results of the calculations indicate
that the proposed strategies reduce the stresses in the silicon particle. Additionally,
experimental tests involving cycling test and scanning electron microscopy (SEM) analysis
confirm the feasibility of the proposed strategies. These results suggestliiatage currents

for lithiation and a constant current for delithiation can effectively enhance the cycling
performance of silicotrased lithiurrion batteries.
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Modeling of elastecapillary phenomena based on the combined finite
discrete element method
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Abstract: Elastecapillary phenomena, involving finite deformation of elastomer and elasto
capillary effect of droplet/film, widely exist in biological and mietectromechanical
systems. To quantitatively analyze th8uence of surface tension and to accurately predict
the deformation of elastomer, we develop a finite strain model of hyperelastic materials, and
then solve it by the explicit dynamics employing the combined faigerete element method
(FDEM). Basedn our model, we investigate the expansion of a small cavity in elastomer and
examine the relation between radius and pressure of cavity. Besides, we explore the
deformation of an elastic rod that is immersed in liquid and subjected to surface tensidts. Re
show that when the elastapillary effect is neglected, edges of the rod would be unrealistically
roughened, while the surface is actually smoothed as the surface tension increases. Moreover,
we explore the elastoapillary effect on advanced muliggperiod wrinkling patterns in both
planar and curved filasubstrate systems, showing that the rough wavy surface can be
smoothed by increasing surface tension. Our results not only provide fundamental insights into
a variety of elast@apillary phenomenabut also offer a platform to quantitatively guide
rational designs of flexible smart devices actuated by surface tension.
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Figure 1. Effect of elastoapillary on a compressed filsubstrate trilayer. (a) Compression hierarchical wrinkles
on hand. (b) Schematic of a highly compressed-§ilthstrate trilayer covered by liquid. (c) The hierarchical
wrinkling patterns under diffent surface tensions. (d) The amplitude@ = 1, 2) as a function of elastapillary
number 7;. Insets demonstrate the deflections of the surface layer.
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Coupling Effect of Lamellar Grain Orientation and Micro -Defects on
Fatigue Deformation of bimodal T+6AI-4V
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Abstract: Fatigue issues of titanium alloys have been a-&tagding concern in the aerospace
industry. Our recent study reveals that fatigue performance ofpthaske titanium alloy with
lamellar structure is strongly correlated with microstructure and rdiefeds. Based on the

crystal plasticity finite element method (CPFEM), the present work is numerically focused on
the coupling effect of lamellar grain orientation and inherent rdefects on fatigue
deformation of bimodal F6AI-4V. In order to efficientlynodel the microstructural features

of titanium alloys, we developed RVE models with various grain size distributions upon an
improved VT diagram method. Our numerical results clearly indicate that changes in the
orientation of lamellar grains significantiffect the fatigue deformation of bimodalgAl-

4V with prefabricated micrd e f ect s. The angle d between the
loading direction of RVE models is proposed as a parameter to reflect the orientational effect
on fatigue deformain in materials. Moreover, defect size effect on fatigue deformation in
RVE models is also systematically discussed, by introducing the parameter of aspect ratio for
the designated elliptical defect in bimodal6/Al-4V with lamellar structures. Our finalys
suggest that these attributes can be applied to the design and manufacturing of titanium alloys
with specific purpose of applications.
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Figure 1. Effect of microstructure and defects on RVE models with a variety of grain distribution

Acknowledgemens

The authorsicknowledge the financial support from National Nat8@énce Foundation of China (NSFC) under
grant number 11872278, and Science and Technology Commission of Shanghai Municipality(STCSM) under
grant number 21ZR1467200.

References

Tang K,Chen K, Ferro P, et al. Quantifying lamellar microstructural effect on the fatigue performance of bimodal
Ti-6Al-4V with microdefect[J]. International Journal of Fatigue, 2022, 163: 107045.

Zhang M, Li J, Tang B, et aihg.n tit@ium allbys: Ciystabplasticitymodel U
0

5 p ha
i ncorporating U/b heterointerfaces[J]. I nternati a

nal

77 April 15, 2023, Hong Kong


mailto:kktang@tongji.edu.cn
mailto:2130871@tongji.edu.cn

The 26" Annual Conference of HKSTAM 2023
The 18" Shanghai Hong Kong Forum on Mechanics and Its Application

Collaborative Mechanisms Boost the Nanoscale Boiling Heat Transfer at
Functionalized Gold Surfaces
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Abstract: Liquid-vapor phase change heat transfer, i.e., boiling heat transfer, has been
demonstrated to be an effective thermal management strategy fqudviggn electronics and
power generators. Improving the boilihgat transfer performance can largely increase the
energy conversion efficiency in these corresponding devitei® we demonstrate that the
boiling heat transfer coefficient (HTC) at functionalized Au surfaces can be improved 3.3 times
at most by introdcing functionalization groups (FGs) to Au surfaces. Our molecular dynamics
simulations show that the increase of HTC results from the high thermal conductance across
functionalized Au/water interfaces and the strong interaction between FGs and watetesolec
The high interfacial thermal conductance of functionalized Au/water interfaces stems from the
strong bonding between the functionalized Au surface and water, and the strong vibrational
coupling at 0~4 THz between Au and FGs. The strong interactiovebe FGs and water
molecules comes from their mutual adhesions, including van der Waals and electrostatic
interactions and bridging effects. When FGs with electronegative atoms Q&g ,0OH, and
-COOH FGs) are introduced, hydrogen bonds will form tuieir electrostatic interactions,
which benefit the thermal energy exchange between FGs and water molecules.-The Au
CR(COOH) FGs surface, which is designed to include all the mechanisms mentioned above,
can therefore increase the boiling HTC by 2.3e8mompared to that of the planar Au surface.
Our results here provide insights into the design of surfaces with high boiling heat transfer
performances using chemical FGs. Our results here provide insights into the design of surfaces
with high boiling heatransfer performances using chemical FGs.
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Figure 1. Collaborative mechanisms facilitate boiling heat transfer at functionalized Au surfaces
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Abstract: Hardmagnetic soft materials have attracted broad interests because of their flexible
programmability, norcontact activation and rapid response in various applications such as soft
robotics, biomedical devices and flexible electronics. Such multifunctional materials consist of
a soft matrix embedded with hantagnetic particles, and can exhibit large deformations under
external magnetic stimuli. Here, we develop a 3D rod model wigbrepatial deformations
(extension, bending and twist) of slender hanagnetic elastica. The model follows Kirchhoff
hypothesis and thus reduces the 3D magaktstic energy function to a 1D form. Besides, the
co-rotational formulation is applied to sleribe rigid body motion, and explicit time integration

is adopted for the nonlinear resolution. Moreover, we explore finite bending arouoing

of hardmagnetic elastica under external magnetic fields with different directions and
amplitudes. Represtative examples with various configurations show superior efficiency and
accuracy of the model (the difference less than 1% with only a small number of elements)
compared to conventional solid element. Our model could be used to guide rational designs on
programmable shape morphing of ferromagnetic slender structures.

Figure 1. Spatial deformations of a hamégnetic rod {/H =20.5 and W = H ) under different applied
magnetic fieldsB* (in the yz plane). The initial magnetization densitM|=114 kA/m in the reference
configuration is along ther -axis direction. The applied magnetic fieB* =5 mT, 10 mT, 30 mT and 50 mT,
corresponding to directiop® =90°,60°, 30° and 0° respectively.
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Acoustic Purcell Effect from Qusibound State in the Continuum
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Abstract: We investigate the acoustiurcell effect induced by qualsound states in the
continuum (quasiBICs) both theoretically and experimentally. W demonstrate that the acoustic
Purcell factor is governed by the system's radiative and dissipative factors. To improve the
upper bound of thé&urcell effect, we need to simultaneously decrease the values of both
radiative and dissipative factors, which is difficult and even conflicting in realistic acoustic
resonant structures. To solve this conflict, we introduce the concept of quasdBice

Purcell effect. QuasiBICs contribute to highly confined acoustic fields and greatly enhanced
acoustic emission, leading to a strong Purcell effect. Our concept is demonstrated via a two
cavity system supporting a quasiBIC, which offers tunable and laatnge factors to
approach the critical emission condition and promote strong acoustic Purcell effect. With the
presented QuasiBlsupporting system, we experimentally observed strong emission
enhancement of the sound source with a Purcell factor of &u7work bridges the gap
between the acoustic Purcell effect and acoustic BICs, essential for enhancechatiave
interaction and acoustic emission, and may contribute to the research-ofthiggity sound
sources, higiguality-factor acoustic deviceand nonlinear acoustics
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Noise control for nose landing gear by longitudinal wavy strut
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Abstract: Noise pollution of large passenger aircraft has become a hot issue of public concern.
The noise of landing gears is a major contributor to the overall airframe noise of an aircraft
during approach and landinBased on the author's previous research work on wavy cylinder,
this paper proposes a new noise reduction measure for landing gear with longitudinal wavy
strut (LWS).A hybrid aeroacoustics method was used to numerically simulate the flow field
and its nase of a lowspeed landing gear, while the effects of lasgale longitudinal wave on

the strut flow field and noise were also explokd.assessment of the solutions obtained from

full landing gear is presented for wavy strut with medium wave height. nlineerical
simulations have shown that the wavy strut could lead to broadband noise reduction of landing
gear noise by up to 2.1dB. Moreover, the underlying noise suppression mechanisms are
explored by the process of vorticity generation and evolutioheohear wake of wavy strut.

The periodic vortex shedding is significantly suppressed in the wake of wavy strut, which might
be the main reasons for noise reduction. The distribution of the boundary enstrophy flux (BEF)
that are altered in the surface ofwyastrut case also indicate that the wavy strut inhibits the
generation of vorticity in the flow field. The distribution of Lamb vector and Helicity in flow
field shows the noise reduction mechanism of wavy strut from the perspective of sound source.
As expressed by the vortex dynamic processes, this feature implies the landing gear with LWS
is of great potential in noise attenuation.

Ma: 002 006 0.1 0.4 0.18 022 026 03 O

(a) wavy strut (b) circular strut
Figure 1. Comparison of vortex structuresisysurface of the €griterion in (Q =1000) of landing gear with (a)
wavy and (b) circular strut
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Application of FBG sensor in deformation monitoring of islandtunnel
section of Hong KongZhuhai-Macao Bridge
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Abstract: To capture the deformation patterns of the islamthel section, the fiber bragg
grating (FBG) sensing technology is adopted to monitor key positbthe tunnel in Hong
Kong-ZhuhaiMacao Bridge. As shown in Figure 1, the thddmensional displacement sensor
(TDDS) and the tilt sensor (TS) were developed based on FBG to obtaimreahonitoring

data regarding thregimensional deformation of ttannel segment and the settlement of the
artificial island. The developed TDDS gains a sensitivity of 51.707 pm/mm and an accuracy of
0.099% F.S within the range eé50 mm to 50 mm, while the developed FBS gains a
sensitivity of 100 pm/° and an accuyaaf 0.099% F.S within the range €f0° to 10°. The
preliminary results indicated that the maximum displacement of the tunnel segment occurred
longitudinally in the tunnel, and temperature cycles played a crucial role in causing such
displacement. Moreovethe settlement curve of the artificial island exhibited symmetrical
distributed with respect to the center of the wave wall, with the most significant settlement
occurring above the tunnel

Tunnel Joint

Immersed Tube Tunnel

Figure 1. Deformation monitoring network of islatdhnel setton of Hong KongZhuhaiMacao bridge based
on FBG sensing technology
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Quasilocalized Vibrational Modes as Efficient Heat Carriers in Glasses
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Abstract: It is known that the lowemperature thermodynamic properties such as heat capacity
and themal conductivity in glasses are affected by the -fowguency quasilocalized
vibrational modes (QVMs), resulting in a different temperature dependence in crystal solids
[1]. These modes originate from the intrinsic disorder of the structure and theiatlegrergy
concentrate on a small group of atoms like the fiighuency localized modes. Unlike
delocalized modes, higinequency localized modes are inefficient heat carriers due to their
location[2]. This naturally stimulates a problem. QVMs have samlbcation as localized
modes and are they as inefficient as localized modes?

Here, we distinguish the quasilocalized and delocalized vibrations based on the participation
ration (PR) in the thredimensional binary glass, with the frequency of QMbiger than the

first propagating modes band. The modal thermal transport behaviour is systematically
investigated using quabarmonic Greeiikubo method. Figure 1a shows that quasilocalized
modes are efficient heat carriers, whose modal thermal condudtWitC) is similar to that

of low-frequency delocalized modes [3]. By decomposing MTC, it is found that the significant
thermal transport efficiency of QVMs arise from the important coherence between QVMs and
other modes (Figure 2b). Furthermore, the spéenalysis reveals that the strong mutual
coherence is resulting from the high mutual energy gain (i.e., high generalized occupation) and
the strong mode shape coupling (i.e., high generalized group velocity) between QVMs and
their near frequency vibrathal modes. This work provides a deeper understanding of thermal
transport in glasses.
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Figure 1. (a) MTC of 512atom systems for QVMs, DVMs (delocalized modes), HVMs (hybridized modes),
and LVMs (localized modes) at 0.I68 Averaged MTC of QVMs is 4.4@.0° ks/tos. (b) Contribution of off
diagonal term to MTC in (a). The baby blue line is the position of first propagating modes band.
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