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About the Conference
The “Pudong Forum of Fluid Physics” will be held at the end of May. Scholars active in fluid mechanics 
and fluid physics around the region will be invited to join this academic gathering. The forum will 
feature short lectures in APS/DFD style to facilitate scientific exchange and collaboration between 
scholars working on the frontiers of the related fields, and to share the latest research ideas. The forum 
is co-sponsored by the NYU-ECNU Institute of Physics at NYU Shanghai and the NYU-ECNU Institute 
of Mathematical Sciences at NYU Shanghai.

Organizing Committee
Jinzi Mac Huang 
Assistant Professor of Mathematics, NYU Shanghai

Jin-Qiang Zhong 
Professor, School of Physics Science and Engineering, Tongji University

Jun Zhang
Professor of Physics and Mathematics, NYU Shanghai; 
Global Network Professor, NYU

Hepeng Zhang
Professor, School of Physics and Astronomy, Shanghai Jiao Tong University

Dao-sheng (David) Deng
Professor, Department of Aeronautics and Astronautics, Fudan University
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Program / Friday, May 27

13:30 – 13:45 

13:45 – 14:15 

14:15 – 14:45 

14:45 – 15:15 

15:15 - 15:45 

15:45 – 16:15 

16:15 – 16:45 

16:45 – 17:15

17：15 – 17：45 

Day 1: Biological Fluid and Active Matter
Afternoon Session Chair: Jun Zhang 张骏

Opening Remarks

Circular Swimming Motility and Disordered Hyperuniform State in an Algae 
System
Hepeng Zhang 张何朋, Shanghai Jiao Tong University

Putting Flexible “Ponchos” on Bluff Bodies Can Reduce Their Drag
Xinliang Tian 田新亮, Shanghai Jiao Tong University 

Phase-Field Modeling of Vesicle Motion, Deformation, Aggregation
Shixin Xu 徐士鑫, Duke Kunshan University 

Break

Persistent Fluid Flows and Programmable Active-matter Contraction Networks 
Defined by Optically Controlled Boundaries
Zijie Qu 屈子杰, Shanghai Jiao Tong University  

Dynamic Interactions of Wall-Mounted Flexible Plates in a Laminar Boundary 
Layer
Xing Zhang 张星, Institute of Mechanics, CAS 

Susceptibility of Orientationally Ordered Active Matter
Xiaqing Shi 施夏清, Soochow University 

A Self-Propelled Spinner in a 2D Active Bath (Joint work with Haoxin Huang)

Shuo Guo 郭硕, ShanghaiTech University 

DAY 1
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Program / Saturday, May 28

9 : 0 0 - 9 : 3 0 

9 : 3 0 - 1 0 : 0 0 

10:00-10:30

10:30 - 11:00 

1 1 : 0 0 - 1 1 : 3 0

1 1 : 3 0 - 1 2 : 0 0

12:00 - 13:30

13:30 - 14:00

14:00 – 14:30

14:30 – 15:00

15:00 – 15:30 

15:30 – 16:00

16:00 – 16:30 

16:30 – 17:00 

17:00 - 17:30

17:30-18 :00
 

Day 2:  Biological Fluid and Active Matter & Fluid Dynamics and Applications
Morning Session Chair: Hepeng Zhang 张何朋

Swimming of the Midge Larva: Principles and Tricks of Locomotion at Intermedi-
ate Reynolds Numbers
Yang Ding 丁阳, Beijing Computational Science Research Center

Bacterial Wobbling in Complex Fluids: Enhanced Motility, and Surface Entrapment
Xinliang Xu 徐辛亮, Beijing Computational Science Research Center 

Break

Acoustic Tweezers for Manipulation of Particles in a Liquid
Zheng Xu 徐峥, Tongji University  

Drag Model from Interface-Resolved Simulations of Particle Sedimentation in a 
Periodic Domain and Vertical Turbulent Channel Flows
Zhaosheng Yu 余钊圣, Zhejiang University 

Application of Control-Equation-Embedded Deep Learning Algorithm in PIV Data 
Post-Processing
Zhuang Su 苏桩, NYU Shanghai

Lunch Break (on your own)

An Experimental Investigation on the Impingement and Splashing Processes of a 
Supercooled Large Droplet on a Freezing Water Film
Zheyan Jin 金哲岩, Tongji University 

Optical Lens Made of a Liquid Drop: From Liquid Morphology to its Optical 
Properties
Yifan Bu 布一凡, NYU Shanghai

Bubble Generation and Manipulation in Laser-Liquid Interaction
Man Hu 胡曼, Fudan University

Break

介观流体及其技术应用
Dao-sheng Deng 邓道盛, Fudan University  

On Integral Analysis of Wall-Heat Flux in Compressible Turbulent Channel Flows
(Joint work with Peng Zhang and Yubin Song) 
Zhenhua Xia 夏振华 , Zhejiang University 

格子玻尔兹曼，Navier-Stokes方程及其它
Yuehong Qian 钱跃竑, Soochow University

Effect of Surface Roughness Geometry on Boundary-Layer Transition and 
Far-Field Noise
Qingqing Ye 叶青青, Zhejiang University

振动热湍流的结构和输运机理研究
Quan Zhou 周全, Shanghai University

Biological Fluid and Active Matter

Fluid Dynamics and Applications

Afternoon Session Chair: Jinzi Mac Huang 黄金紫

DAY 2
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Program / Sunday, May 29

9 : 0 0 - 9 : 3 0 

9 : 3 0 - 1 0 : 0 0

10:00 - 10:30 

10:30 - 11:00

11:00 - 11:30 

11:30 - 12:00 

12:00 - 13:30

13:30 - 14:00

14:00 – 14:30

14:30 – 15:00

15:00 – 15:30 

15:30 – 16:00

16:00 – 16:30 

16:30 – 17:00 

17:00 - 17:30

17:30 - 17:45

Day 3:  Fluid Dynamics and Applications & Geophysical Fluid
Morning Session Chair: David (Daosheng) Deng 邓道盛

极高Ra数二维湍流热对流传热特性 (Joint work with Jianchao He)

Yun Bao 包芸, Sun Yat-sen University

Experimental Study on the Large-Scale Turbulence Structure Dynamics of a 
Counterflowing Wall Jet (Joint work with Yuze Wang, Jiahua Li, Yizhou Tao and Xiang Qiu) 
Yulu Liu 刘宇陆, Shanghai University & SIT 

Development of Active Flow Control Based on Data-Driven Methods
Xin Wen 温新, Shanghai Jiao Tong University 

Break

旋转对流中的旋涡运动
Jinqiang Zhong 钟锦强, Tongji University 

The Analogy of Heat and Angular Momentum Transport in Taylor-Couette 
Turbulence (Joint work with Jin-Qiang Zhong) 
Xue-Yuan Leng 冷学远, Tongji University

Lunch Break (on your own)

Untie the Sorted Patterned Ground with Physical Processes and Theoretical 
Model
Quanxing Liu 刘权兴, East China Normal University 

Challenges in Imaging Particles
Kai Huang 黄锴, Duke Kunshan University  

漂浮板块与热对流的动态耦合
Yadan Mao 毛娅丹, China University of Geosciences, Wuhan 

Break

Dynamics and Coupling Mechanism in Two-Layer Large-Scale Convection- A 
Theoretical Approach (Joint work with Yu Sun, Jinxiao Xie, Xuan Liu and Jin-Qiang Zhong) 
Jianwei Zhang 张建卫, Tongji University

Can Microplastics in the Atmosphere be Efficiently Transported to Antarctica?
(Joint work with Qiqing Chen) 
Guitao Shi 史贵涛, East China Normal University 

Morphological Attractors in Natural Convective Dissolution
Jinzi Mac Huang 黄金紫, NYU Shanghai

Persistent Rotation of a Free Body in the Large-Scale Wind in Rayleigh–Bénard 
Convection
Kaizhe Wang 王凯哲, NYU Shanghai

Closing Remarks

Afternoon Session Chair: Jinqiang Zhong 钟锦强

DAY 3
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Circular Swimming Motility and Disordered 
Hyperuniform State in an Algae System
Hepeng Zhang 张何朋
Shanghai Jiao Tong University
Email: hepeng_zhang@sjtu.edu.cn

Abstract: 

Active matter comprises individually driven units that convert locally stored energy into mechanical 
motion. Interactions between driven units lead to a variety of nonequilibrium collective phenomena in 
active matter. One of such phenomena is anomalously large density fluctuations, which have been 
observed in both experiments and theories. Here we show that, on the contrary, density fluctuations in 
active matter can also be greatly suppressed. Our experiments are carried out with marine algae 
(Effrenium voratum), which swim in circles at the air–liquid interfaces with two different eukaryotic 
flagella. Cell swimming generates fluid flow that leads to effective repulsions between cells in the far 
field. The long-range nature of such repulsive interactions suppresses density fluctuations and 
generates disordered hyperuniform states under a wide range of density conditions. Emergence of 
hyperuniformity and associated scaling exponent are quantitatively reproduced in a numerical model 
whose main ingredients are effective hydrodynamic interactions and uncorrelated random cell 
motion. Our results demonstrate the existence of disordered hyperuniform states in active matter and 
suggest the possibility of using hydrodynamic flow for self-assembly in active matter.

Putting Flexible “Ponchos” on Bluff Bodies Can Reduce 
Their Drag
Xinliang Tian 田新亮
Shanghai Jiao Tong University 
Email: tianxinliang@sjtu.edu.cn

Abstract: 

Is it possible to reduce the fluid drag of cars, submarines or even airplanes by attaching flexible 
“add-ons”? Yes. In this talk, we will show an experimental demonstration on a novel drag reduction 
method by adding a closed flexible filament to a rigid flat plate. The experiment is conducted in a 
vertical soap film. A sizable drag reduction up to 10% is observed. Moreover, it appears that such drag 
reduction mechanism is robust over a wide range of flow velocity. Some on-going experimental 
studies toward engineering applications are presented at the end.

Abstract & Speaker / Friday, May 27

DAY 1
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Abstract & Speaker / Friday, May 27

Phase-Field Modeling of Vesicle Motion, Deformation, 
Aggregation
Shixin Xu 徐士鑫
Duke Kunshan University 
Email: shixin.xu@dukekunshan.edu.cn

Abstract: 

A thermodynamically consistent phase-field model is introduced for simulating the motion and shape 
transformation of vesicles under flow conditions. In particular, a general slip boundary condition is 
used to describe the interaction between vesicles and the wall of the fluid domain in the absence of 
cell-wall adhesion introduced by ligand-receptor binding. A second-order accurate in both space and 
time C^0 finite element method is proposed to solve the model governing equations. Various 
numerical tests confirm the convergence, energy stability, and conservation of mass and surface area 
of cells of the proposed scheme. Vesicles with different mechanical properties are also used to explain 
the pathological risk for patients with sickle cell disease.

Persistent Fluid Flows and Programmable 
Active-matter Contraction Networks Defined by  
Optically Controlled Boundaries
Zijie Qu, 屈子杰
Shanghai Jiao Tong University 
Email: zijie.qu@sjtu.edu.cn

Abstract: 

Biological systems control ambient fluids through the self-organization of active protein structures 
across different length scales, however, the physical principles underlying the organization of active 
proteins and control of active-matter-driven fluid flows are poorly understood. Here, we use an 
optically-controlled system composed of microtubule and kinesin motor to analyze the emergence of 
persistent flow fields and the protein self-organization dynamics. Using light, we form programmable 
contractile microtubule networks of varying size and shape, and demonstrate that the geometry of 
microtubule flux at the corners of contracting microtubule networks predicts the architecture of flow 
fields. 

DAY 1
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Dynamic Interactions of Wall-Mounted Flexible Plates 
in a Laminar Boundary Layer
Xing Zhang 张星
Institute of Mechanics, CAS 
Email: zhangx@lnm.imech.ac.cn

Abstract: 

A simplified model for the flows through and above vegetation canopies is proposed in this study. 
Numerical simulations are performed to investigate the interactions between large arrays of 
wall-mounted flexible plates and oncoming laminar boundary-layer flows. The influences of bending 
rigidity, mass ratio and gap distance between adjacent plates on the dynamic behaviors are explored. 
The findings of this study indicate that the coherent motions of the arrays are governed by a coupled 
mechanism in which the frequency of flow instability is locked onto the structural natural frequency.

Susceptibility of Orientationally Ordered Active Matter
Xiaqing Shi 施夏清
Soochow University 
Email: xqshi@suda.edu.cn

Abstract: 

We investigate the susceptibility of long-range ordered phases of two-dimensional dry aligning active 
matter to population disorder, taken in the form of a distribution of intrinsic individual chiralities. Using 
a combination of particle-level models and hydrodynamic theories derived from them, we show that 
while in finite systems all ordered phases resist a finite amount of such chirality disorder, the 
homogeneous ones (polar flocks and active nematics) are unstable to any amount of disorder in the 
infinite-size limit. On the other hand, we find that the inhomogeneous solutions of the coexistence 
phase (bands) may resist a finite amount of chirality disorder even asymptotically.

Abstract & Speaker / Friday, May 27
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Abstract & Speaker / Saturday, May 28

A Self-Propelled Spinner in a 2D Active Bath
(Joint work with Haoxin Huang)

Shuo Guo 郭硕
ShanghaiTech University
Email: guoshuo@shanghaitech.edu.cn

Abstract: 

Understanding and manipulating chirality of active matter is of great importance in biological and 
industrial applications, such as how the biological function of tissues is affected by the collective 
behavior of cells. Here, we present a self-assembled and self-propelled chiral spinner at a water air 
interface. We will discuss how the rotation of the spinner is affected by the
surrounding active bath. The research will deepen our understanding on the collective motion of
active matter.

Swimming of the Midge Larva: Principles and Tricks of 
Locomotion at Intermediate Reynolds Numbers
Yang Ding 丁阳
Beijing Computational Science Research Center
Email: dingyang@csrc.ac.cn

Abstract: 

At the millimeter scale, the speeds of undulatory swimmers such as larval fish decrease to less than 0.3 
body length per cycle. In contrast, midge larvae and mosquito larvae who swim in the “figure-of-8” gait 
can reach a speed of more than one body length per cycle. To reveal the propulsion mechanism, we 
coupled a 3D body model with computational fluid dynamics. We reveal novel mechanisms such as 
the modulation of body deformation speed and manipulation of moment of inertia. We show that the 
figure-of-8 gait is advantageous only in the intermediate Reynolds number regime, highlighting the 
unique hydrodynamic features of intermediate Reynolds numbers. 

DAY 1 & 2
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Bacterial Wobbling in Complex Fluids: Enhanced 
Motility, and Surface Entrapment
Xinliang Xu 徐辛亮
Beijing Computational Science Research Center 
Email: xinliang@csrc.ac.cn

Abstract: 

Swimming microorganisms are constantly influenced by the presence of boundary surfaces in their 
natural habitats in human microbiome and ocean and soil ecosystems, giving rise to rich swimming 
behaviors.  In this talk I would like to present a recently developed minimal model for bacterial 
wobbling.  Using this model, we studied the hydrodynamics of swimming bacteria in complex fluids, 
which quantitatively explains two interesting bacterial swimming behaviors: the motility 
enhancement of bacteria swimming in both colloidal and polymeric fluids; and the entrapment of  
bacteria by planar surfaces with an anti-correlation between the pitch angle and the wobbling angle.

Acoustic Tweezers for Manipulation of Particles in a 
Liquid
Zheng Xu 徐峥
Tongji University 
Email: gotoxvzheng@tongji.edu.cn

Abstract: 

In this talk, I will introduce our recent particle trapping and manipulation works by acoustic tweezers. 
It includes the trapping of particles in liquid to a surface, a line, a point, and how to realize the transport 
of particles along curves with preset destinations.

Abstract & Speaker / Saturday, May 28

DAY 2
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Abstract & Speaker / Saturday, May 28

Drag Model from Interface-Resolved Simulations of 
Particle Sedimentation in a Periodic Domain and 
Vertical Turbulent Channel Flows
Zhaosheng Yu 余钊圣
Zhejiang University 
Email: yuzhaosheng@zju.edu.cn

Abstract: 

A drag correlation is established for laminar particle-laden flows, based on the data from the 
interfaced-resolved direct numerical simulations (IR-DNS) of particle sedimentation in a periodic 
domain. The drag correlation is then corrected to account for the turbulence effect by introducing the 
relative turbulent kinetic energy, from the IR-DNS data of the upward turbulent channel flows laden 
with the particles larger than the Kolmogorov length scale at relatively low particle volume fractions. A 
drift velocity model is developed to obtain the effective slip velocity from the interphase mean velocity 
difference for the vertical turbulent channel flow.

Application of Control-Equation-Embedded Deep 
Learning Algorithm in PIV Data Post-Processing
Zhuang Su 苏桩
NYU Shanghai
Email: suz@nyu.edu

Abstract: 

Particle image velocimetry (PIV) is currently the most effective measurement method to obtain the 
flow velocity field, but due to the limitation of spatial resolution, the measured discrete velocity field 
may not fully satisfy the basic governing equations. At the same time, in some complex flow 
problems, there is often the coupling of multiple processes such as velocity, temperature or density. A 
single velocity field measurement can no longer meet the measurement requirements. Direct field 
measurement of those quantities, however, still lacks effective means. By introducing a deep learning 
algorithm to the PIV measurement results as post-processing, the above problems can be solved, the 
correction of the velocity field and the expansion to other physical quantities such as pressure and 
temperature can be realized simultaneously. This report will introduce the application of this method 
in turbulent mixing.

DAY 2
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An Experimental Investigation on the Impingement 
and Splashing Processes of a Supercooled Large 
Droplet on a Freezing Water Film
Zheyan Jin 金哲岩
Tongji University 
Email: zheyanjin@tongji.edu.cn

Abstract: 

In the present study, we report the detailed dynamic processes of a supercooled large droplet 
impacting on a freezing water film at different freezing times. At the beginning of the experiment, 
the deionized water film was first set to a desired temperature and then triggered to freeze by 
further cooling. Then, a supercooled large droplet was released to impact the freezing water film at 
different freezing times. The results showed that the dendritic ices significantly affected the 
formation and growth of crowns, which could lead to the earlier crown breaks or the formation of the 
irregular crowns. 

Optical Lens Made of a Liquid Drop: From Liquid 
Morphology to its Optical Properties
Yifan Bu 布一凡
NYU Shanghai
Email: yb1026@nyu.edu

Abstract: 

A small drop of water tends to form a spherical shape, and can be somewhat flattened by gravity. This 
shape resembles the geometry of an optical lens. Liquid lenses have been used in many applications. 
In this study the optical performance of a liquid lens, a drop sitting on or hanging on a solid substrate, 
is studied both theoretically and numerically. First, the surface profile of the liquid drop is determined 
from balancing fluid surface tension and effect of gravity. The optical properties of such 'liquid lenses', 
such as the spherical aberration and the overall image quality, are studied and discussed in some 
detail.  Finally, a comparison between image qualities of the pendant, sessile, and spherical liquid drop 
lenses are carried out to verify whether the imaging ability of the pendant or sessile liquid drop would 
surpass traditional spherical lenses.

Abstract & Speaker / Saturday, May 28
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Abstract & Speaker / Saturday, May 28

Bubble Generation and Manipulation in Laser-Liquid 
Interaction
Man Hu 胡曼
Fudan University 
Email: human@fudan.edu.cn

Abstract: 

Lasers impacting on liquids, ranging from a single droplet to soft biological tissues, can generate vapor 
explosions and then bubbles. Lasers also offer the potential to precisely manipulate bubbles, especially 
in microfluidic devices, facilitating applications for liquid control, drug delivery and microparticles 
accumulation.

In this talk, we first introduce the nanoparticle-mediated cavitation bubble via impacting an infrared 
laser on water, therein the nucleation threshold and core-shell bubble fabrication are discussed. Then, 
we present the near-infrared-laser navigated dancing bubble within water, which exhibits excellent 
followability, highly surfering speed, and diverse steering states. Potential applications by 
manipulating this bubble are further demonstrated.

介观流体及其技术应用
Dao-sheng Deng 邓道盛
Fudan University  
Email: dsdeng@fudan.edu.cn

Abstract: 

介观流体由于其特殊尺度，结合多种物理场调控，会出现很多新颖的物理现象，进而存在潜在的技术应用。本报告主要
通过两类例子来阐明介观流体在材料和化工领域的应用。第一类例子，拉伸液膜在热拉过程中，发生不稳定性可形成
纤维阵列，该方法可潜在实现基于微纳多功能器件的大面积的可穿戴织物。第二类例子，在微结构里电解液离子输运
形成浓度冲击波，该电渗析技术兼具高脱盐率和同步多功能的水净化处理优点。

DAY 2
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On Integral Analysis of Wall-Heat Flux in Compressible 
Turbulent Channel Flows
（Joint work with Peng Zhang and Yubin Song)

Zhenhua Xia 夏振华
Zhejiang University 
Email: xiazh@zju.edu.cn

Abstract: 

In this talk, we focus on the wall-heat flux in compressible turbulent channel flows. Several exact 
expressions for the mean heat flux at the wall will be derived, validated and discussed. In our opinion, 
most of the decomposition formulas are just mathematically exact ones and they generally are lacking 
in clear physical interpretations. The formulas can be used to estimate wall-heat flux, but special 
attention should be paid when they were adopted to explore the related underlying physics.

格子玻尔兹曼，Navier-Stokes方程及其它
Yuehong Qian 钱跃竑
Soochow University
Email: yuehongqian@suda.edu.cn

Abstract: 

我们从最基本的格子玻尔兹曼方程出发，简要介绍理论基础，着重讨论应用，
包括计算流体力学以及其它应用，特别是扩散Lorenz动力学的一些数值模拟结果。

Abstract & Speaker / Saturday, May 28
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Bubble Generation and Manipulation in Laser-Liquid 
Interaction
Man Hu 胡曼
Fudan University 
Email: human@fudan.edu.cn

Abstract: 

Lasers impacting on liquids, ranging from a single droplet to soft biological tissues, can generate vapor 
explosions and then bubbles. Lasers also offer the potential to precisely manipulate bubbles, especially 
in microfluidic devices, facilitating applications for liquid control, drug delivery and microparticles 
accumulation.

In this talk, we first introduce the nanoparticle-mediated cavitation bubble via impacting an infrared 
laser on water, therein the nucleation threshold and core-shell bubble fabrication are discussed. Then, 
we present the near-infrared-laser navigated dancing bubble within water, which exhibits excellent 
followability, highly surfering speed, and diverse steering states. Potential applications by 
manipulating this bubble are further demonstrated.

介观流体及其技术应用
Dao-sheng Deng 邓道盛
Fudan University  
Email: dsdeng@fudan.edu.cn

Abstract: 

介观流体由于其特殊尺度，结合多种物理场调控，会出现很多新颖的物理现象，进而存在潜在的技术应用。本报告主要
通过两类例子来阐明介观流体在材料和化工领域的应用。第一类例子，拉伸液膜在热拉过程中，发生不稳定性可形成
纤维阵列，该方法可潜在实现基于微纳多功能器件的大面积的可穿戴织物。第二类例子，在微结构里电解液离子输运
形成浓度冲击波，该电渗析技术兼具高脱盐率和同步多功能的水净化处理优点。

Abstract & Speaker / Saturday, May 28

Effect of Surface Roughness Geometry on 
Boundary-Layer Transition and Far-Field Noise
Qingqing Ye 叶青青
Zhejiang University
Email: qingqing_ye@zju.edu.cn

Abstract: 

Surface roughness elements are often used to force laminar to turbulent transition in aerodynamic 
and aeroacoustic wind-tunnel experiments. The statistical features and spectral content of the 
pressure fluctuations in the resulting turbulent boundary layer at the trailing edge can affect far-field 
noise. To elucidate this dependence, boundary-layer transition induced by randomly distributed 
roughness elements and a zigzag strip of the same height over a NACA 0012 airfoil is investigated 
experimentally. The effects of roughness geometry on the near-field flow topology, transition location, 
and far-field noise are addressed in the common experimental setting for the first time. The research 
confirms that an adequate characterization of the boundary-layer transition is necessary when 
measuring the far-field noise during wind-tunnel experiments.

振动热湍流的结构和输运机理研究
Quan Zhou 周全
Shanghai University
Email: qzhou@shu.edu.cn

Abstract: 

工程中广泛存在振动激励下的湍流流动，大多数流动装置或设备都处于各种各样的机械振动之中，湍流流动无法避免
机械振动等外部激励的影响。机械振动引入了复杂的边界条件，将改变湍流结构生成演化规律，并对动量、能量、热量
输运产生重要影响。本报告以热湍流这一典型的湍流系统为研究对象，关注机械振动等外部激励对湍流结构生成演化
及输运的影响。研究发现振动激励的作用与其施加方向有关，当水平振动激励作用于热湍流系统时，会产生一种新的
对流不稳定性：上下导热板的高速水平振动给边界层内部的流体施加了一个很强的剪切力，从而加速了边界层的失稳
，并促发了大量热羽流结构的生成。由于羽流结构是热的最主要载体，并控制着热输运过程，其大量生成最终导致对流
传热效率的大幅提高。我们的结果表明高频振动可以有效突破传统热湍流边界层限制传热的瓶颈，实现热输运效率
���%的增量。反之，竖直振动激励可以有效地抑制湍流结构的生成，从而抑制湍流流动并降低对流传热效率。本研究
为增强或抑制对流传热开辟了新途径，也为工程应用提供了理论指导和突破性思路。
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极高Ra数二维湍流热对流传热特性
(Joint work with Jianchao He)

Yun Bao 包芸
Sun Yat-sen University  
Email: stsby@mail.sysu.edu.cn

Abstract: 

湍流热对流的传热特性是重要的物理特性研究问题之一,极高Ra=O(����)湍流热对流的传热特性变化对“终极态”的
研究具有特殊意义。GL理论预测结果认为当Ra=O(����)时湍流热对流接近进入“终极态”，传热特性随Ra数的变化规
律有可能发生转变。Van der Poel等人曾对比了Pr=�.�的二维和三维热对流DNS计算结果，发现三维结果与GL理论预
测吻合良好，二维热对流Nu数在Ra=����时发生向下偏转，偏离GL理论预测倍数线。
本文完成了最高Ra=����的系列二维湍流热对流DNS计算。计算结果发现，二维热对流传热Nu数随Ra数的变化特性
会出现短暂向下偏离，但之后又回归GL理论预测倍数线，宏观上符合GL理论预测。
二维热对流传热特性向下偏离，是因为大尺度环流形态发生了椭圆形到圆形的流体突变，流动产生很大的混乱，造成
传热Nu数随Ra数的变化出现偏转。随着Ra数的进一步增高，流动逐渐稳定，随即二维热对流的传热特性与GL理论预
测倍数线走向一致，直至Ra=����。二维热对流的传热特性到Ra=O(����)尚未进入“终极态”

Experimental Study on the Large-Scale Turbulence 
Structure Dynamics of a Counterflowing Wall Jet  
（Joint work with Yuze Wang, Jiahua Li, Yizhou Tao and Xiang Qiu)

Yulu Liu 刘宇陆
Shanghai University & SIT
Email: ylliu@sit.edu.cn

Abstract: 

The dynamics of the vortex structure in a three-dimensional, round counterflow wall jet are 
investigated using particle image velocimetry (PIV) to explore the large-scale turbulence structure and 
to analyze the mechanism of its generation in the flow field. The ratio of the jet velocity to the main flow 
velocity is 8.89, and the Reynolds number based on the diameter of the jet pipe is 9127. Typical vortex 
structures are detected in the stagnation region and main flow by the virtual dye method. The 
instability of the jet caused by the feedback mechanism. The vortex ring is shed from the wall when 
the jet length 1 Springer Nature 2021 LATEX template 2 Experimental study on the large-scale 
turbulence structure dynamics of a counterflowing wall jet contracts. Fluid flow from the recirculation 
region to the original location of the vortex ring. Both the growth and breakup of the front vortex in the 
main flow boundary layer and the process by which the main flow penetrates the jet are observed. It is 
revealed that the streamwise turbulent kinetic energy component contributes inclination angle is 
substantially affected by the main flow. The turbulent kinetic energy contribution of the wall-normal 
component is particularly significant in the recirculation region. Furthermore, dynamic mode 
decomposition (DMD) analysis exposes four low-frequency modes whose corresponding dynamic 
processes are the jet penetrating in the streamwise direction, wall-normal fluctuation, recirculation 
region fluctuation in the streamwise direction, and vortex shedding from the jet to the recirculation 
region. Keywords: round wall jet, virtual dye method, vortex structure.
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Effect of Surface Roughness Geometry on 
Boundary-Layer Transition and Far-Field Noise
Qingqing Ye 叶青青
Zhejiang University
Email: qingqing_ye@zju.edu.cn

Abstract: 

Surface roughness elements are often used to force laminar to turbulent transition in aerodynamic 
and aeroacoustic wind-tunnel experiments. The statistical features and spectral content of the 
pressure fluctuations in the resulting turbulent boundary layer at the trailing edge can affect far-field 
noise. To elucidate this dependence, boundary-layer transition induced by randomly distributed 
roughness elements and a zigzag strip of the same height over a NACA 0012 airfoil is investigated 
experimentally. The effects of roughness geometry on the near-field flow topology, transition location, 
and far-field noise are addressed in the common experimental setting for the first time. The research 
confirms that an adequate characterization of the boundary-layer transition is necessary when 
measuring the far-field noise during wind-tunnel experiments.

振动热湍流的结构和输运机理研究
Quan Zhou 周全
Shanghai University
Email: qzhou@shu.edu.cn

Abstract: 

工程中广泛存在振动激励下的湍流流动，大多数流动装置或设备都处于各种各样的机械振动之中，湍流流动无法避免
机械振动等外部激励的影响。机械振动引入了复杂的边界条件，将改变湍流结构生成演化规律，并对动量、能量、热量
输运产生重要影响。本报告以热湍流这一典型的湍流系统为研究对象，关注机械振动等外部激励对湍流结构生成演化
及输运的影响。研究发现振动激励的作用与其施加方向有关，当水平振动激励作用于热湍流系统时，会产生一种新的
对流不稳定性：上下导热板的高速水平振动给边界层内部的流体施加了一个很强的剪切力，从而加速了边界层的失稳
，并促发了大量热羽流结构的生成。由于羽流结构是热的最主要载体，并控制着热输运过程，其大量生成最终导致对流
传热效率的大幅提高。我们的结果表明高频振动可以有效突破传统热湍流边界层限制传热的瓶颈，实现热输运效率
���%的增量。反之，竖直振动激励可以有效地抑制湍流结构的生成，从而抑制湍流流动并降低对流传热效率。本研究
为增强或抑制对流传热开辟了新途径，也为工程应用提供了理论指导和突破性思路。
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Development of Active Flow Control Based on 
Data-Driven Methods
Xin Wen 温新
Shanghai Jiao Tong University 
Email: wenxin84@sjtu.edu.cn

Abstract: 

Sweeping jet is a promising active flow control technology, which can produce high-frequency 
excitation without using any mechanical moving parts. However, there are still challenging problems 
in applications. To address the measurement challenges, the applicant developed data fusion 
methods of particle image velocimetry and pressure sensitive paint to obtain high accurate 
measurement results. In the airfoil flow control, data-driven methods are proposed to sensing and 
predicting the aerodynamic parameters based on only scattering and noisy sensors. In the fluidic 
thrust vector nozzle control, sparse regression method was developed to discover the control 
governing equation based on experimental data.

旋转对流中的旋涡运动
Jinqiang Zhong 钟锦强
Tongji University 
Email: jinqiang@tongji.edu.cn

Abstract: 

旋转对流是地球物理、行星科学领域中常见的自然现象。由Taylor-Proudman理论所预言，旋转对流中的旋涡具有关
于垂直方向转轴对称的准二维流场结构；而对水平方向上旋涡的运动演化，迄今尚未有理论预言。

实验研究发现在旋转相对较弱的条件下，稀疏分布的旋涡在水平上表现出随机行走的行为，符合朗之万提出的纯布朗
运动规律。在强旋转的条件下，密集分布的旋涡通过流体相互作用形成大尺度的旋涡团块结构，在团块内旋涡出现集
群运动的复杂行为，它们的运动速度关联具有标度不变性。
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极高Ra数二维湍流热对流传热特性
(Joint work with Jianchao He)

Yun Bao 包芸
Sun Yat-sen University  
Email: stsby@mail.sysu.edu.cn

Abstract: 

湍流热对流的传热特性是重要的物理特性研究问题之一,极高Ra=O(����)湍流热对流的传热特性变化对“终极态”的
研究具有特殊意义。GL理论预测结果认为当Ra=O(����)时湍流热对流接近进入“终极态”，传热特性随Ra数的变化规
律有可能发生转变。Van der Poel等人曾对比了Pr=�.�的二维和三维热对流DNS计算结果，发现三维结果与GL理论预
测吻合良好，二维热对流Nu数在Ra=����时发生向下偏转，偏离GL理论预测倍数线。
本文完成了最高Ra=����的系列二维湍流热对流DNS计算。计算结果发现，二维热对流传热Nu数随Ra数的变化特性
会出现短暂向下偏离，但之后又回归GL理论预测倍数线，宏观上符合GL理论预测。
二维热对流传热特性向下偏离，是因为大尺度环流形态发生了椭圆形到圆形的流体突变，流动产生很大的混乱，造成
传热Nu数随Ra数的变化出现偏转。随着Ra数的进一步增高，流动逐渐稳定，随即二维热对流的传热特性与GL理论预
测倍数线走向一致，直至Ra=����。二维热对流的传热特性到Ra=O(����)尚未进入“终极态”

Experimental Study on the Large-Scale Turbulence 
Structure Dynamics of a Counterflowing Wall Jet  
（Joint work with Yuze Wang, Jiahua Li, Yizhou Tao and Xiang Qiu)

Yulu Liu 刘宇陆
Shanghai University & SIT
Email: ylliu@sit.edu.cn

Abstract: 

The dynamics of the vortex structure in a three-dimensional, round counterflow wall jet are 
investigated using particle image velocimetry (PIV) to explore the large-scale turbulence structure and 
to analyze the mechanism of its generation in the flow field. The ratio of the jet velocity to the main flow 
velocity is 8.89, and the Reynolds number based on the diameter of the jet pipe is 9127. Typical vortex 
structures are detected in the stagnation region and main flow by the virtual dye method. The 
instability of the jet caused by the feedback mechanism. The vortex ring is shed from the wall when 
the jet length 1 Springer Nature 2021 LATEX template 2 Experimental study on the large-scale 
turbulence structure dynamics of a counterflowing wall jet contracts. Fluid flow from the recirculation 
region to the original location of the vortex ring. Both the growth and breakup of the front vortex in the 
main flow boundary layer and the process by which the main flow penetrates the jet are observed. It is 
revealed that the streamwise turbulent kinetic energy component contributes inclination angle is 
substantially affected by the main flow. The turbulent kinetic energy contribution of the wall-normal 
component is particularly significant in the recirculation region. Furthermore, dynamic mode 
decomposition (DMD) analysis exposes four low-frequency modes whose corresponding dynamic 
processes are the jet penetrating in the streamwise direction, wall-normal fluctuation, recirculation 
region fluctuation in the streamwise direction, and vortex shedding from the jet to the recirculation 
region. Keywords: round wall jet, virtual dye method, vortex structure.

The Analogy of Heat and Angular Momentum 
Transport in Taylor-Couette Turbulence
(Joint work with Jin-Qiang Zhong)

Xue-Yuan Leng 冷学远
Tongji University
Email: xueyuanleng@tongji.edu.cn

Abstract: 

The numerical results of the turbulent transport of heat and angular momentum transport in 
turbulent Taylor-Couette flows are reported. The results suggest that both axial and radial heat 
transport have the similar power-law scaling as the radial angular momentum transport in the regime 
of turbulent Taylor vortex flow. The coherent structures in the form of turbulent Taylor vortex flow are 
attributed to the origin of the underlying mechanism of turbulent transport, which provide the TC 
systems with the equal transport efficiencies in both the radial and axial directions.

Untie the Sorted Patterned Ground with Physical 
Processes and Theoretical Model
Quanxing Liu 刘权兴
East China Normal University 
Email: qxliu@sklec.ecnu.edu.cn

Abstract: 

In this talk, I will introduce several classical sorted ground patterns from Earth to Mars. Based on our 
recent phase separation model, I will talk about some potential explore and insight into some of them 
with a theoretical model and new experimental investigations. Finally, I will introduce several novel 
self-oraganized phenonam on extremel environement.
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Challenges in Imaging Particles
Kai Huang 黄锴
Duke Kunshan University  
Email: kai.huang186@dukekunshan.edu.cn

Abstract: 

Nothing is built on stone; all is built on sand, but we must build as if the sand were stone.' Jorge Luis 
Borges, vividly describes the influence of sand grains on the civilization process happening throughout 
the past century, and continuing till now. However, do we really understand sand as continuum, like 
fluids? In this talk, I will focus on the challenges arising from probing the statics and dynamics of 
granular materials. Particularly, I will introduce two non-invasive particle tracking techniques recently 
employed in monitoring granular flow.

漂浮板块和热对流的动态耦合
Yadan Mao 毛娅丹
China University of Geosciences, Wuhan 
Email: yadanmao@163.com

Abstract: 

大陆板块通过热毯效应改变下方地幔对流结构, 板块与对流构成了一个流固动态耦合系统。本研究通过数值模拟揭示
出两种停滞模态和一种单向运动模态，预测了单向运动模态的临界大小和两种停滞状态中相邻羽流的相对运动。
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The Analogy of Heat and Angular Momentum 
Transport in Taylor-Couette Turbulence
(Joint work with Jin-Qiang Zhong)

Xue-Yuan Leng 冷学远
Tongji University
Email: xueyuanleng@tongji.edu.cn

Abstract: 

The numerical results of the turbulent transport of heat and angular momentum transport in 
turbulent Taylor-Couette flows are reported. The results suggest that both axial and radial heat 
transport have the similar power-law scaling as the radial angular momentum transport in the regime 
of turbulent Taylor vortex flow. The coherent structures in the form of turbulent Taylor vortex flow are 
attributed to the origin of the underlying mechanism of turbulent transport, which provide the TC 
systems with the equal transport efficiencies in both the radial and axial directions.

Untie the Sorted Patterned Ground with Physical 
Processes and Theoretical Model
Quanxing Liu 刘权兴
East China Normal University 
Email: qxliu@sklec.ecnu.edu.cn

Abstract: 

In this talk, I will introduce several classical sorted ground patterns from Earth to Mars. Based on our 
recent phase separation model, I will talk about some potential explore and insight into some of them 
with a theoretical model and new experimental investigations. Finally, I will introduce several novel 
self-oraganized phenonam on extremel environement.
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Dynamics and Coupling Mechanism in Two-Layer 
Large-Scale Convection- A Theoretical Approach
（Joint work with Yu Sun, Jinxiao Xie, Xuan Liu and Jin-Qiang Zhong)

Jianwei Zhang 张建卫
Tongji University
Email: zhang@tongji.edu.cn

Abstract: 

Turbulent convection can be seen in  various natural flows related to astrophysics and geophysics, 
including in the outer layer of the Sun, in Earth’s mantle and the thermohaline convection in the 
ocean. In turbulent regime, large-scale circulation (LSC) is often studied by Rayleigh-Bénard 
Convection (RBC) system, which is a buoyancy-driven convection in a closed cylinder of Γ�D/L=1. Thus, 
the study of LSC and RBC system plays crucial roles heat and mass transportation in turbulent. 

Based on single-roll LSC model BA07, taking volume average of physically important terms rooted in 
Navier-Stocks (NS) equations, we formulate a modified one to account for double-layer LSC dynamics 
and coupling mechanism, i.e., thermal coupling and viscous coupling (Fig. 1), in two-layer fluid system. 
Our theoretical model provides a new understanding of cessation events occurring more frequently in 
two-layer system which can be clearly seen from time series of δ, the strength of LSC, based on 
experimental data. Furthermore, the calculation result shows the probability distribution of motion 
state in the δ-Δθ phase plane (Fig. 3) in which there is a peak at Δθ=π/2 in the P.D.F of δ close to 0. The 
two-layer LSC  coupling theory attempts to explore the underlying mechanism in the interaction of 
multiple circulation coupling, which may have broad implications in a wide-spread of physics 
problems.

Can Microplastics in the Atmosphere be Efficiently 
Transported to Antarctica?
（Joint work with Qiqing Chen) 

Guitao Shi 史贵涛
East China Normal University
Email: gtshi@geo.ecnu.edu.cn

Abstract: 

Microplastics have been widely found in water, soil, atmosphere, etc., and microplastic pollution has 
arisen as a global environmental concern. The presence of microplastics in polar sea waters indicates 
their worldwide transport through the oceans, while the knowledge on the long-range atmospheric 
transport of microplastics remains highly restricted. It is previously thought that microplastics may be 
efficiently transported locally or regionally due to the relatively large sizes. Here, we investigate 
atmospheric microplastics in the marine atmospheric boundary layer along the cruise track from 
mid-Northern Hemisphere to Antarctica, and it is found that microplastics can be efficiently 
transported in the atmosphere globally.

Fig. 1 

Schematics of 
flow coupling 
modes

Fig. 2 

The PDF of motion 
state in the δ-Δθ 
phase plane
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(b) the PDF for δ2
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Morphological Attractors in Natural Convective 
Dissolution
Jinzi Mac Huang 黄金紫
NYU Shanghai
Email: machuang@nyu.edu

Abstract: 

Ever-changing geological features on this planet never fail to capture our imagination and inspire new 
scientific advances. Among them, the formation of stone forests is one striking geomorphology 
caused by dissolution and fluid-structure interactions in nature. Recent experiments demonstrate 
how a soluble body placed in a fluid spontaneously forms a dissolution pinnacle — a slender, upward 
pointing shape that resembles naturally occurring karst pinnacles found in stone forests. This unique 
shape results from the interplay between interface motion and the natural convective flows driven by 
the descent of relatively heavy solute. In this talk, we will discuss a class of exact solutions that act as 
attractors for the shape dynamics in two and three dimensions. Intriguingly, the solutions exhibit large 
but finite tip curvature without any regularization, and they agree remarkably well with experimental 
measurements. The relationship between the dimensions of the initial shape and the final state of 
dissolution may offer a principle for estimating the age and environmental conditions of geological 
structures.

Persistent Rotation of a Free Body in the Large-Scale 
Wind in Rayleigh–Bénard Convection
Kaizhe Wang 王凯哲
NYU Shanghai
Email: kw2223@nyu.edu

Abstract: 

We investigate the dynamics of a free-rotating body interacting with the large-scale circulation (LSC) 
of Rayleigh–Bénard thermal convection. A surprisingly persistent co-rotation of both the free body and 
the LSC is observed, whose rotation rate increases monotonically with the intensity of thermal 
convection, measured by the Rayleigh number Ra. The rotational direction occasionally and 
spontaneously reverses, occurring more frequently at higher Ra. Their co-rotation can be interpreted 
by the mutual interaction between the rotor and the LSC: a planar rotor breaks the symmetry of the 
convection system, leading to coherent flow structures that drive the rotation.
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Sponsors

NYU-ECNU Institute of Physics at NYU Shanghai

With today's rapid developments in the frontiers of physics, new opportunities and challenges are 
constantly arising. These occur at both the basic and applied levels. At the basic level, physics provides 
the foundation of our knowledge of the physical universe. At the same time, new methods and 
techniques arising from physics research have proved useful in creating new research fields in the 
biological, social, and engineering sciences. The impact on society from all of these efforts is and will 
remain profound.

In response to these developments, New York University and East China Normal University together 
have created the NYU-ECNU Institute of Physics at NYU Shanghai. The Institute's mission is to build a 
world-class physics research institute by building on and expanding existing strengths at NYU and 
ECNU. In addition to fostering US-Chinese scientific collaborations --- including a large international 
component --- the Institute combines and leverages the existing strengths of physics research at the 
three institutions: particle physics and cosmology; hard and soft condensed matter physics; biological 
physics; atomic, molecular, and optical physics; nanomaterials; and expertise in precision laser 
spectroscopy and nuclear magnetic resonance.

The Institute features an active visitor program, a regular seminar series, and conferences and 
workshops. But most importantly, it will actively work to create and strengthen research collaborations 
among scholars from many different universities and research areas. A central component of its 
mission is to identify new and exciting theoretical and experimental research directions, especially in 
the frontier areas of laser spectroscopy, quantum condensed matter, quantum manipulation and 
information, and precision measurements.
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NYU-ECNU Institute of Mathematical Sciences at NYU Shanghai

The NYU-ECNU Institute of Mathematical Sciences at NYU Shanghai is dedicated to the development 
of a unique research and training environment to advance modern mathematics and its applications. 
The Institute works in close partnership with New York University’s Courant Institute of Mathematical 
Sciences and East China Normal University’s Department of Mathematics.

Research work at the Institute is patterned after the style of mathematics that has become the 
trademark of the Courant Institute since its founding in 1935: strong, dedicated and talented 
mathematicians working on problems of important scientific, technological, social, or economic 
consequences and developing the mathematical and computational methods to solve these 
problems. The research interests at the Institute include theories and applications of probability, 
nonlinear partial di�erential equations, fluid dynamics, biology, materials science, computational 
neuroscience, and mathematical finance.

The Department of Mathematics at ECNU was founded in 1951. In 1996 the department was listed as 
one of the national bases in China for basic research in science and talent training in mathematics. The 
Department of Mathematics has strengths in pure mathematics, applied mathematics, 
computational mathematics, and math education. The Department is an influential math research 
and education base both in and out of China.

The Institute aspires to attract scientific and mathematic talents to Shanghai.
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