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主题报告（已确定）
1.Multiscale cooling technology for data centres
Xing Zhang and Zhen Li
Key Laboratory of Thermal Science and Power Engineering of Ministry of Education, Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China

Huge amount of heat is generated in data centers and it needs to be removed to outdoors through cooling equipment. In recent years, the energy consumption and heat dissipation density of data centers increases sharply. The cooling technology of data centers has become a hot research issue. This presentation orderly introduces three types of cooling technologies in different scales and some relevant experiments are included. Besides, the energy consumption of each cooling technology is analyzed.
2. Thermal challenges in power electronics for future automotive
Yuying Yan

 Faculty of Engineering, University of Nottingham

Ever rapid development of various power electronics has generated renewed challenges for thermal management.  This has become obvious for the development of new energy or future automotive, such as electric cars.  Thermal management and cooling solutions is a growing concern for IGBTs due to the increased heat losses in wide applications. In this presentation, the following will be addressed:
· Thermal challenges for future automotive

· State-of-art thermal management & advanced cooling

· Integrative thinking for large thermal management system

· A summary

3.    Methods in Heat Exchanger Applications 
Suvanjan Bhattacharyya* Josua P Meyera and Himadri Chattopadhyayb

A Clean Energy Research Group, Department of Mechanical and Aeronautical Engineering, University of Pretoria, South Africa.  Department of Mechanical Engineering, Jadavpur University, Kolkata, India.

* Corresponding author email address: suvanjan.bhattacharyya@up.ac.za 

The process of improving the performance of a thermal system is often referred to as heat transfer augmentation, enhancement or intensification. Heat is a form of energy which is transferred whenever there is difference in the temperature between a system and its surrounding. The research on heat transfer has been receiving important attention since long time ago, and has found applications in several areas such as heat exchanger applications, cooling of electronic devices, manufacturing systems and solar energy systems. 

Improving the performance of the heat exchanger surfaces is a research area of increasing importance under the background of the global energy crisis and increasing concern over pollution. Impact of such improvements in heat transfer performance is also related to the space-saving, material-saving, reduced weight of the equipment and the economized price. The enhancement of heat transfer using vortex generators is one of the most popular choices where desired augmentation is brought about by performing modifications of the basic flow configurations, such as swirl and vortex flows in uninterrupted flow passages, and boundary layer flows and wake regions for interrupted flow passages. The improvements in performances are being achieved by employing one or multiple techniques like Extended surfaces (Fins), Vortex generators, nano-fluids, protrusions, etc. will be presented. It will also be shown that the combined geometry correlations were developed that can accurately estimate the heat transfer coefficients and friction factors.
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Figure: Different type of turbulence promoters: (a) Rectangular, trapezoidal and delta

winglets, (b) tape with delta winglets, (c) Triangular obstacles attached on absorber plate, (d) twisted tube, (e) corrugated tube with tape inserts, and (f) twisted tapes

4.      Microfluidic thermalization for biological applications
Walter Minnella,

Elvesys/Cherry Biotech

Microfluidics deals with miniature volumes of fluids: it designates both the science which studies their behavior and the technologies employed to manufacture the artificial microstructures in which they flow. This discipline has its roots in microelectronics, sharing a lot of its main principles (miniaturization and integration of several complex task in a single device) and manufacturing techniques. Indeed, first-generation microfluidic devices, or lab-on-chip (LOC), were manufactured from glass and silicon leveraging the same crafting techniques developed for microelectronic devices, such as photolithography. In the early 2000s, however, Whitesides’ group reported a new microfabrication strategy for microfluidic devices based on replica molding of elastomers, such as Polydimethylsiloxane (PDMS). This technique, called “soft-lithography”, allowed for more biocompatible and cost-effective microfluidic devices which were easier to fabricate and did not require expensive facilities.

The similarities between microfluidics and microelectronics are many as discussed so far, however it is important to note that the underlying physics scales down much more rapidly in microfluidics. Indeed, despite the exponential growth of transistors density in microchips, we are yet to approach qualitative change in physical phenomena due to this miniaturization, whereas in microfluidics we can already see this change.

Microfluidic-based thermalisation mainly relies on the high surface-to-volume ratio which characterizes LOC devices. Indeed, the characteristic diffusion time - t - can be estimated as follow:

Where L is the characteristic length of the system in analysis and alpha its thermal diffusivity.

Hence, t decreases with the square of the characteristic length of the system, hence the interest to work with miniaturized systems for efficient heat dissipation. Furthermore, diffusion when coupled with forced convection makes for a highly effective heat transport mechanism in LOC devices, since microchannels are only a few dozens of microns high. This mixed transfer, conductive/convective, is even more efficient if a phase change occurs in the heat transfer fluid.

Therefore, heat dissipation systems based on complex networks of microchannels where heat transfer liquids are flowed can represent a compelling option for the incising need for efficient cooling systems. An example, in which microfluidics thermalisation allowed to surpass the current technological state-of- the-art, is the Fastgene project. The latter is a platform (Fig.1) completely developed by Elvesys, which is able to perform ultrafast quantitative polymerase chain reaction (qPCR) on large sample volumes. Relying on an automated microfluidic-based thermalisation system, we were able to achieve DNA amplification up to 8 times faster than conventional bench top systems based on air-flows

thermalisation, without compromising the minimum initial DNA quantity detectable.
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Figure 1: Elvesys’ Fastgene technology for ultrafast large volume qPRC based on microfluidics thermalisation

5.       Investigations on heat/mass transfer enhancement and multi-phase flow in absorption chiller
Hongtao GAO
Institute of Refrigeration & Cryogenics Engineering, Dalian Maritime University, 116026, Dalian, China

Absorption refrigeration systems are widely used because of their low-grade energy and environmental friendliness. Some of our research on its performance optimization are included in this presentation. The heat and mass transfer mechanism of alcohol additives in the absorption process was discussed by static cell experiment and molecular dynamics method. The static experiment was used to measure the mass transfer, and the molecular dynamics method was used to analyze the motion characteristics of the additive molecules at the gas-liquid interface. The heat transfer performance of flat plate absorbers with different surface geometries was compared by an absorption chiller system experiment. In order to consider the application in the ship, an absorption chiller system was built on the swing platform. The characteristics of the absorption chiller under the ship sway condition were discussed. The influence mechanism of the falling surface wave on the heat and mass transfer was studied by using the visualization method. In addition, in order to further reduce the dependence of absorption chillers on high-grade energy, a pump-free absorption chillers was proposed. The relationship between the characteristics of the bubble pump replacing the conventional mechanical pump and the operating conditions will be discussed here.
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	(a)
	(b)
	(c)

	Fig.1 Falling film flow pattern in absorption tube under swing condition




6.      Sessile Drop Evaporation under an Electric Field
H. Almohammadi, A. Amirfazli

Department of Mechanical Engineering, York University, Toronto, ON, M3J 1P3, Canada

Email: alidad2@yorku.ca
In this study, for the first time, the natural (diffusion-limited) evaporation of a sessile drop under an electric field was experimentally examined. A sessile drop natural evaporation is affected by the geometry of the drop, e.g. baseline, contact angle, and surface area, which all can be changed in the presence of an electric field (see Figure). As such, first, the effect of electric field on sessile water droplet geometry was studied, together with how it differs for surfaces with various contact angle and contact angle hysteresis (for both hydrophilic and hydrophobic surfaces). Then, the dynamics (evaporation time and mode) of natural evaporation of sessile droplet under an electric field was studied by measuring the evaporation rate, surface area, contact angle, and baseline of the droplet. It is found that compare to when there is no electric field, the evaporation time of a sessile droplet increases when there is an electric field. This was statistically shown to be significant for drops placed on surfaces with contact angle hysteresis lower than 32º. For droplets that evaporate in constant baseline mode initially and then by evaporation in constant contact angle mode, the presence of the electric field resulted in a decrease in the duration of constant baseline mode when the surface had a low contact angle hysteresis. 
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Figure. The geometry of the sessile water droplet that is placed over (a) aluminum, (b) PEMA, (c) PS, and (d) Teflon surfaces. The magnitude of the baseline (BL, in mm), contact angle (CA, in º), and surface area (SA, in mm2) are reported below each image. The overlapped view of the droplets evaporating with and without and activated electric field. The plotshows the percentage change in baseline, CA, and surface area of a droplet over aluminum, PEMA, PS, and Teflon in the presence of the electric field. For instance, the surface area increases by ((SAE-SA0)/SA0)=12% when the electric field is applied for a droplet that is placed over Teflon.

7.           the formation of waves in a gas-liquid two-layer channel flow                                 
Professor Lennon O’Nairaigh

University College, Dublin

We study the formation of waves in a gas-liquid two-layer channel flow, driven by a pressure gradient, under stable stratification.  The main motivation is to develop a theoretical understanding of how three-dimensional waves form in such systems, although practical applications in gas-liquid pipeline transport, and heat and mass transfer are also envisaged.  We use two complementary methodologies - linear stability analysis and the Orr-Sommerfeld equation, and direct numerical simulation (DNS).  The focus is on moderately large Reynolds numbers.  The simulations and the linear stability analysis both reveal a strong influence of linear instability on the development of the waves.  In many cases, the instability does not saturate, meaning that the waves develop an ever-larger amplitude, culminating in a variety of different flow regimes, including ligaments and dispersed flows.  A flow-pattern map depending on the density ratio, Reynolds number, and Weber number is constructed to highlight these regimes. 
8.       Steering fluid motion with gradient substrates
Panagiotis (Panos) Theodorakis
Institute of Physics – Polish Academy of Sciences
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A range of technologies in microfluidics, microfabrication, coatings, and biology requires the directed motion of nanoscale fluids onto substrates. Such motion can be provoked by specially designed gradient substrates without the requirement for providing an energy source. While different design possibilities for the substrate will be presented, the main focus will be on substrates with stiffness gradients (the relevant phenomenon associated with this kind of motion is known as durotaxis) and wrinkle-patterned substrates with gradients in the wavelength characterising the wrinkles (the associated motion is known as rugotaxis). Our results obtained from extensive Molecular Dynamics simulations provide insights into the mechanisms of these phenomena suggesting particular designs that may impact a wide spectrum of applications. 
s of soft matter, polymer and statistical physics, biophysics, and fluids physics.

9.     Experimental phase change heat transfer and pressure drop in horizontal flows, inclined flows, and falling films
Jaco Dirker*, Josua Meyer**, Bradley Bock, Wilhelm van den Bergh, Daniel Ewim
Clean Energy Research Group, Department of Mechanical and Aeronautical Engineering, University of Pretoria, South Africa.

Corresponding authors: * jaco.dirker@up.ac.za ** josua.meyer@up.ac.za
In this presentation an overview of the recent activity in our research division relating to phase change heat transfer and pressure drop in fluid flow in horizontal tubes, inclined tubes, and falling film are given.  Our efforts have gradually shifted from condensation to boiling/evaporation and is linked to a number of technology drivers including, but not limited to electronic cooling, solar power systems, and the refrigeration sector. Flow condensation test of R134a, conducted on both smooth and enhanced tubes over a wide range of mass fluxes, saturation temperatures and vapour qualities have shown that an optimum inclination angle exist where the average heat transfer coefficient is maximised without a significant increase in the pressure drop penalty.  In addition to this, we are currently conducting boiling test of a similar nature in circular tubes for R134a. This will be extended to R245fa; where, besides the parameters already mentioned, the impact of systematic unsteadiness are to be studied. Of interest are the conditions relevant to low temperature organic Rankine cycles for renewable energy applications.  Lastly, related to the refrigeration sector, our effort have revealed that for falling film evaporation, the saturation temperature and the surface condition of  the wetted tubes have a significant influence on the heat transfer coefficient, similar to what has been recorded for pool boiling. 
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a) Inclination effects,     b) New flow boiling test section   c) Falling film evaporation test section
10.    Characterising Multiphase Flows with X-ray Technology
Bin Hu
Flow Capture AS, Norway
 bhu@flowcapture.com 

Complex natures of highly transient multiphase flows in large diameter pipes or channels have made it difficult to obtain the insights of such flows with conventional instruments. The dearth of detailed experimental data is profound, especially in the presence of three-phases. Among various methodologies, X-ray systems are gaining more and more attentions in measuring the details of these transport processes. This talk will focus on different characteristics of interfaces as captured by the X-ray tomography system in gas-liquid flows, which were measured in a large diameter pipe with a broad range of flow conditions. In addition, some insights in three-phase slug flows are also revealed to elucidate the (de)coupling phenomena of oil and water. It is believed the understanding of these flows is of great importance in controlling associated occurrence of for example, phase change, wax, hydrate formation and heat transfer etc.

[image: image9.emf]


Gas-liquid wavy flows
4-inch ID










Gas-liquid wavy flows

4-inch ID


11.            Induction of drop motion and internal convections via interfacial gradients
Yutaku Kita
Kyushu University

Progressive integration of microchips has led to production of high heat flux in localised areas (hot-spots), which is detrimental to their performance and reliability. Hence, phase change and wetting phenomena of liquid drops are fundamental processes in potential, next-generation thermal management for such devices. Our collaborative—Kyushu-Edinburgh-Maryland—group has been investigating how drops behave on gradients at the interfaces i.e. non-uniform temperature and wettability. In this talk, I will first present direct observations of Marangoni convection/instabilities in water drops on a substrate which was locally heated via a laser, simulating a hot spot. The influence of localised heating on the flows and evaporation behaviour will also be discussed. Second problem I will address is how microstrucutures of solid surfaces influence drop mobility, which is paramount for the design of better phase-change heat transfer surfaces. I will demonstrate spontaneous drop motion on solid surfaces with wettability contrasts, which were imposed via microtexture patterning. Our systematic experimental study coupled with energy analysis revealed the mechanisms underpinning drop motion and the criterion for its spontaneity. 
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12.Numerical Methods for Single- and Two-Phase Flows with Applications
Gustavo R. Anjos, Rachel Lucena, Norberto Mangiavacchi and Jose Pontes

A numerical method is described to study single- and two-phase flows in diabatic and adiabatic conditions for engineering problems. The fluid flow equations are based on the Arbitrary Lagrangian-Eulerian formulation (ALE) and the Finite Element Method (FEM), creating a new method with an improved model for the sharp liquid-gas interface in macro and microchannels. Such a methodology can be employed to study accurately many problems such as oil extraction and refinement in the oil and gas area, design of refrigeration systems, modelling of biological systems, stability of rising of Taylor bubbles and efficient cooling of electronics. The obtained results in 2- and 3-dimensions will be shown and several animations will be presented to highlight the proposed methodology. Additionally, different models for engineering-related problems will be also presented to emphasize the capability of the Brazilian ThermaSMART partner.

13.           CFD-based Optimization of annulus eccentricity for optimum charging time of phase change materials in thermal energy storages
M. Moghimi Ardekani 1,*, J.P. Meyer1
1 Clean Energy Research Group, Department of Mechanical and Aeronautical Engineering, University of Pretoria, South Africa.
* Corresponding author email address (mohammad.moghimiardekani@up.ac.za)

Thermal Energy Storage (TES) applies for accommodating the needs of the thermal energy when the supply and the demand are inequitable. Due to the high storage density and minimal energy loss of Phase Change Materials (PCMs), they were introduced as an ideal candidate for passive TES systems. These PCM-based systems are regularly utilized in double pipe heat exchangers (concentric annulus). However, the poor thermal conductivity of these materials, researchers came up with different approaches (e.g. micro-encapsulation of PCM, impregnation of porous material, adding nano-particles to PCM, inserting metal foam and …) to enhance of heat transfer in those systems and reduce the required charging time (full melting from solid to liquid). The aforementioned approaches are costly and sometime impractical in large scales heat exchangers. Therefore, this study looks for the simplest, most economic and practical approach for enhancing heat transfer in the PCMs. 

This study shows that the charging time of the system could be significantly affected, if the inner pipe of the double pipe heat exchanger was designed with an eccentricity. Therefore, this study used ANSYS Fluent in conjunction with ANSYS DX to look for utopian radial and tangential eccentricities of the inner tube. The findings show that a concentric annulus for the proposed geometry (the base case) requires 55.9 mins to fully charge. However, the quickest and slowest eccentric annulus geometries respectively requires 7.4 mins (almost 7.5 times faster than the base case) and 194.4 mins (~3.5 times slower than the base case) for charging. 

More in detail information regarding with CFD simulation and optimization approach as well as the results will be presented in the full paper.
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	Fig. 8. Computational liquid fraction for optimum eccentric and concentric annuluses where the blue colour indicate the solid PCM). The first and the last rows respectively present the quickest and slowest charging geometries.  


14.   Passive and active drag reduction
S. Mohamadaa, C. Mackenzie Doveraa, R. Bennacerb and K. Sefianeb

a School of Engineering, University of Edinburgh, United Kingdom

b Ecole Normale Superieure ENS-Cachan, France
Whether it is in maritime transportation or industrial oil and gas pipeline, drag of liquid on solid surface represents a major challenge for engineers. A substantial portion of energy in various sector of transport and chemical industry is spent on overcoming drag. Consequently, any reduction of drag on bodies interacting with liquids can potentially lead to energy consumption reduction whether it is for shipment or pumping power for the oil industry. 

We present the preliminary result of an experimental study which investigates active and passive approaches to reduce drag. Amongst passive technique to reduce drag is coating surfaces with structured patterns which reduce drag by minimizing interaction of liquids with solids. We examine the effect of shape of structures on hysteresis in the case of a moving drop on an incline. The shape of the pillars used as structures are found to affect the magnitude of the force required to depin the drop, in order for this latter to slide down the surface. 

Furthermore, we studied drag reduction for a falling liquid metal drop falling in a column of liquid. We investigated the effect of shape distortion as well as phase change and active reduction of drag. At higher temperature, liquid around the falling Gallium (liquid metal) drop evaporates to form a vapour layer (Leidenfrost effect). This is is found to reduce drag by more than 50%. The transient nature of this phenomenon is presented to illustrate potential use of passive drag to drastically reduce drag.

15.  Temperatures in Thermal Design of Computer Equipment and Systems
Jie Wei
Fujitsu Advanced Technologies
待定报告
1. 陶文铨 院士  待定
2. Bennacer教授  待定
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