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ABSTRACT

The past decade has seen a considerable growth in portable devices with mobile connectivity. This
growth has been enabled by the development of high capacity telecommunication networks globally.
Individuals require high data transfer capabilities to remotely stream large information sets (i.e. HD
video) and this is leading to greater demands for next generation networks (i.e. 5G). To ensure this
growth  continues,  hardware  devices  must  be  smaller,  more  energy-efficient  and  provide  greater
functionality.  This  requirement  poses  a  thermal  management  challenge,  increasing  heat  transfer
density significantly. Novel materials and cooling methods, which are engineered at the micro- and
nanoscale, are necessary to address this.

The overall aim of this project is to examine and maximize the heat transfer performance capabilities
in an enclosed two-phase micro-system architecture. 

Figure 1: Nanopore evaporation

A very promising cooling technique for the increasing heat transfer density is the method depicted in
Fig.  1. In this two-phase cooling system, the liquid phase evaporates from the nanopores to the gas
phase [1]. The latent heat of vaporization is the dominant mode of heat transfer while the nanopore
geometry generates the requisite capillary pressure to drive the liquid flow to the heat source. This will
be studied numerically (to increase the fundamental understanding of the phenomena) and be used to
inform detailed experiments and system level design. Therefore, various solids (Si, SiO2,...), gases (Ar,
H2O, N2,..) and rarefaction levels will be studied numerically.
In order to study the two-phase cooling system, we start with a simplified model of evaporation and
condensation of a water layer system as shown in Fig. 2. We use Molecular Dynamics to investigate
different properties of the simulation such as the temperature profile, heat flux, velocity distribution,
water molecule orientation (WMO) [4] and the density distribution.
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The dimensions of the simulation model are Lx, Ly = 121 Å, 
Lz = 260 Å and Lpt = 200 Å. The temperature at the bottom and top
walls  are  kept  constant  using  a  Nose-Hoover  thermostat  with
T1=368K and T2=278K. Periodic boundary conditions are applied
in x,y and z direction. The water molecules are modeled using the
TIP4P/2005 model [2] and the interaction between the 8 layers of
platinum atoms are modeled using harmonic springs [3].

The results obtained so far are the WMO and the density distribution. It is observed in Fig. 3 that there
exists a preferred water molecule orientation around 80°-120° and 40° near the bottom wall. A similar 
observation can be made near the upper wall. In the bulk no preferred WMO is observed. This could
influence the liquid-vapor interface and evaporation.  

The density distribution along the z-axis shown
in Fig. 4 indicates the high density in the walls
and a decay near the liquid vapor interface.

The  temperature  profile,  which  is  under
investigation at  the  moment,  will  give us  the
opportunity to see possible temperature jumps
near  the  solid-liquid  and/or  liquid/vapor
interface  and  thereby  provide  us  detailed
information on the evaporation resistances.
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Figure 4: Density distribution along the z-axis. Red lines
indicate the walls

Figure  3: WMO near the bottom wall. Red line:  begin of the bottom
wall. Right insert: definition of water molecule orientation (WMO).

Figure  2: Simulation  model  for
evaporation and condensation of a
water layer

48 sciencesconf.org:migrate2017:154795


	Sensors and measurements techniques
	A COMPARISON OF MASS FLOW RATE EXPERIMENTAL DATA OBTAINED USING TWO DIFFERENT EXPERIMENTAL SETUPS BY MEANS OF THE DYNAMIC CONSTANT VOLUME TECHNIQUE, Silva Ernane [et al.]
	Acetone and diacetyl phosphorescence at low pressures for molecular tagging velocimetry in confined rarefied gas flows, Fratantonio Dominique [et al.]
	Characterization of non-encapsulated thermochromic liquid crystals as bulk material and as an emulsion for application in micro-devices, Djordjević Nataša [et al.]
	Characterization of thin Indium tin oxide (ITO) coated Sapphire sensor for applications in simultaneous optical imaging and non-intrusive surface temperature measurement of gas microflows, Kumar Vikash [et al.]
	MEASUREMENT OF PERMEABILITY OF LOW POROUS MEMBRANES, Johansson Martin-Viktor [et al.]
	MICRO PHOTO IONIZATION DETECTOR FOR BTEX ANALYSIS: REVIEW REPORT OF PERFORMANCE INFLUENCING PARAMETERS, Coelho Rezende Gustavo [et al.]
	Optical detection of BTEX, Review of different techniques., Khan Sulaiman
	PRELIMINARY INVESTIGATION ON TEMPERATURE DEPENDENCY OF ACETONE VAPOR LUMINESCENCE FOR MOLECULAR TAGGING THERMOMETRY, Yeachana Venkata [et al.]
	Thermal Behaviour of a SAW Transducer for Pressure Measurements, Toto Sofia [et al.]

	Pumps & Actuators
	ACTIVE FLOW CONTROL OF RAMP FLOW BY FLUIDIC OSCILLATORS, Wang Shiqi [et al.]
	LASER OPTICAL MICRO ACTUATION INDUCED BY EFFECTS OF RAREFIED GAS DYNAMICS, Ota Masahiro [et al.]
	ON THE EFFICIENT CONFIGURATIONS FOR RADIOMETRIC PUMPS, Ehsan Roohi [et al.]
	PRESSURE AND TEMPERATURE-DRIVEN FLOWS THROUGH A SINGLE RECTANGULAR MICRO-CHANNEL, Brancher Ricardo [et al.]
	REVIEWING THE EARLY STAGES OF A KNUDSEN PUMP DESIGN: MODELING AND MANUFACTURING, Lopez Quesada Guillermo [et al.]
	Thermally driven flows in long tapered channels, Tatsios Giorgos [et al.]

	Two-Phase Flows
	A numerical study of interfacial temperature jumps in the evaporation of water, Frezzotti Aldo
	GAS-LIQUID MICRO-SEPARATORS FOR TRAPPING OF VOLATILE ORGANIC COMPOUNDS, Mariuta Daniel [et al.]
	MOLECULAR WATER LAYER EVAPORATION & CONDENSATION, Wolf Moritz [et al.]

	Poster Session
	EXPERIMENTAL RESEARCH OF THE STRUCTURE OF SUPERSONIC UNDEREXPANDED FLAT AIR MICROJETS, Timofeev Ivan [et al.]
	Numerical simulation of evaporation and condensation phenomena around a small condensed phase droplet, Braga Leite Vinicius [et al.]
	Solution of evaporation and condensation problems based on the conjugate approach, Shishkova Irina [et al.]

	Manufacturing Techniques & Interactions Gas/Materials
	CONCEPTION AND DEVELOPMENT OF MICROFABRICATED ELEMENTS FOR MICROFLUIDIC ANALYTICAL DEVICES, Lara-Ibeas Irene [et al.]
	EFFECT OF MINOR LOSSES ON DETERMINATION OF FRICTIONAL BEHAVIOR OF SHORT MINI TUBES, Rehman Danish [et al.]
	Effect of Surface Roughness on Local Frction Factor of Gas Flow through Microtubes, Hong Chungpyo [et al.]
	MODELING OF GAS FLOW WITH VOCS ADSORPTION ON A FIXED BED PRECONCENTRATOR, Sharifi Alireza [et al.]
	challanges of Extreme Ultra violet lithography in low pressure gas environment, Arlemark Erik

	Gas Microflows
	GAS FLOW IN A MICRO-CHANNEL WITH AN ELASTIC OBSTACLE, Shterev Kiril
	GAS MIXING IN SIMPLE GEOMETRICAL CONFIGURATIONS, Meskos Stavros [et al.]
	GENERALIZED BERNOULLI TRIAL COLLISION SCHEME IN DSMC APPLIED TO NANOCAVITY FLOW, Ehsan Roohi [et al.]
	Lattice Boltzmann study of rarefied flows, Busuioc Sergiu [et al.]
	RAREFIED CYLINDRICAL POISEUILLE GAS FLOW DUE TO HARMONICALLY OSCILLATING PRESSURE GRADIENT, Tsimpoukis Alexandros [et al.]
	RAREFIED GAS FLOW BETWEEN TWO PARALLEL PLATES WITH BOTTOM INJECTION AND TOP SUCTION, Sharifi Alireza [et al.]

	Heat Transfer
	Advanced CFD methodology to simulate high temperature micro heat exchangers., Joseph Jojomon [et al.]
	EVALUATION OF WALL HEAT FLUX BOUNDARY CONDITION IN DSMC IMPLEMENTED IN OPENFOAM, Ehsan Roohi [et al.]

	List of participants
	Author Index



