26th Canadian Congress of
Applied Mechanics
(CANCAM 2017)

Progress in Canadian Mechanics Volume 2

Victoria, Canada
29 May - 1 June 2017

Editors:

Y. Shi
B. Nadler

ISBN: 978-1-5108-5678-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2017) by Western University — Department of Mechanical and Materials Engineering
All rights reserved.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact Western University — Department of Mechanical and Materials
Engineering at the address below.

Western University — Department of Mechanical and Materials Engineering
Spencer Engineering Building

London ON N6A 5B9

Canada

Phone: 519-661-2136
Fax: 519-661-3020

mme@uwo.ca

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Table of Contents

Plenary Lectures

Thermodynamics and Biomechanics in Cryopreservation: How Math Can Change Lives ............cccoccviveiineiinnnn. 2
Janet A. W. Elliott

Unmanned Air Systems: A Tool in the Flightworthiness Evaluation of Novel Aircraft Configurations ..................... 3
Afzal Suleman

The Car Of the FUIUIE ......c.uuiii e et ettt e e e et et e et e e eaa e eean e eaes 4
Saeid Habibi

Cleaning and Monitoring Earth ..ot ettt 5
Rodney Herring

The Role of Continuum Mechanics in Crystal Growth and Solidification ...............ccoeiiiiiiiiiiiiiini e, 6
Sadik Dost

Topology Optimization

Large Scale Topology Optimization Utilizing Element Deletion & Refinement .............ccoooeeiiiiiiiniiiiiiiniine. 8

Christopher Woischwill, Stephen Roper, Daozhong Li, Chris Carrick, 1l Yong Kim

Practical Applications for Multi-Material Design Utilizing Size and Topology Optimization..............cc..eeeevueennnnee. 12
Stephen Roper, Daozhong Li, Chris Carrick, Christopher Woischwill, 1l Yong Kim

Multi-Material Lightweight Design by Topology OptimiZation ...............cveiuuiiiiiiiiiiiiiiineiiieeii e 16
Daozhong Li, Stephen Roper;, Christopher Woischwill, Chris Carrick, 1l Yong Kim

Topology Optimization Using PeridyNamuiCs............uuieuuuiiiiiiiii ittt et e e e e e e eees 20
Ahmed Abdelhamid, Abdolrasoul Sohouli, IDMEC-CCTAE, Nima Tofighi, Mehmet Yildiz, Afzal Suleman

Ant Colony Optimization Algorithm Applied to Topology Optimization of Aircraft Structures.............ccoccevuveennnnee. 24
Mario Bras, Afzal Suleman, Ricardo Diogo, Andr Calado Marta

Vibration of Structures

Electromechanical Response of Cantilevered Carbon Nanotube Resonators Based on A New Nonlinear Model......... 29
Hamed Farokhi, Michael P. Paidoussis, Arun K. Misra

Nonlinear Vibration Analysis of A Viscoelastic Cracked Plate ............ccoiieiiiiiiiiiiiiiiiiii e 33
Shamim Mashrouteh, Davood Younesian, Ebrahim Esmailzadeh

FEA and Experiment Research of Lower Arm B ........ccooiiiiiiiiiii e 37
Zhihong Liu, Huigang Wang, Tianyang Chen, Xin Zhang

Research on Dynamic Behaviors of Electromechanical Coupling Main Drive System under Friction....................... 41
Shuang Liu, Shuo Li, Zheng Wu

Interaction of Pitch and Heave DOF‘S in Stall FIUtter ...........ooiiniiiii e 45
Dominique Poirel

Multicomponent Materials

Monitoring Damage Accumulation Effects on The Elastic Properties of CompoSites.............couueeriireiiiniiiiineennnnens 49
Cagatay Yilmaz, Afzal Suleman, Mehmet Yildiz

Eigenfrequency Optimization of Variable Stiffness Laminated COmpOSites. .............c.cveiiiiiiiiiiiiiiniiiiiiii, 53
Abdolrasoul Sohouli, Mehmet Yildiz, Afzal Suleman
The Effect of Alkalization on Properties of Raffia Palm Fiber..............coooiiiiiiiiiiiiiiii e 57

Opeoluwa Fadele Tkechukwuka N.A. Oguocha, Akindele Odeshi, Majid Soleimani



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

3D Printed Self-Filling Microwell Arrays for Cell Spheroid Formation...............cccoooooiiii . 61
Amir Seyfoori, Mahdi Rezayati Charan, Neda Jalili, Mahdi Rahmanian, Leyla Farahmand, Mohsen Akbari

Investigating Energy Transfer Mechanism in The High-Energy Mechanical Alloying Process to Synthesize
Nanostructured Al203-Ni(Cr) PartiCles. ... .....iuiuiiiiii et e e e aae e 65

Lipika Nath, Gobinda Saha

Turbulence

Numerical Simulation of Turbulent Flow over A Forward Facing Step.............cccooeiiiiiiiiiiiiiiii, 69
Ali Nematollahi, Mark F. Tachie

Assessment of CFD Predictions of A Planar Turbulent Offset Jet..... ..ot 73
Ali Nematollahi, Mark F. Tachie, Scott J. Ormiston

Turbulence Modeling of A Single-phase Ejector Working with HFO Refrigerants............c.c.ccoovviiiiniiiiieiiiniiinnnee. 77
Sergio Croquer, Yu Fang, Sebastien Poncet, Zine Aidoun, Yann Bartosiewicz

Analytical Solution of Drag Reduction by Chemical Addictives in Turbulent Pipe Flow..............ccc.oocoiiiiiin 81
Xin Zhang, Xili Duan, Yuri Muzychka

A Mathematical Model for Large Eddy Simulation of Two-phase Two-way Coupled Turbulent Diluted Bubbly
Mohammad Haji Mohammadi, Joshua Brinkerhoff

Elasticity/Plasticity

Eshelby Stress and Energy Flow Vector for Uniform Bodies..............ccooiiiiiiiiiiiiiii e 90
Mawafag F. Alhasadi, Marcelo Epstein, Salvatore Federico

An Atomic-informed Model for Spall Failure in Magnesium ...........c..viiuiiiiiiniiiiniiiiieiiie e 94
Mauricio Ponga, David Funes Rojas
Buckling Paradox and Anisotropic Plastic Plate Bifurcation ................coooiviiiiiiiiiiiiiiri e 98

Suresh Shrivastava

Temperature Dependent Hyperelastic Constitutive Modeling Using Multiplicative Decomposition of Deformation
GIAQIEIIE ...ttt 103

Rohan Thakkar, Aleksander Czekanski

A Higher-order Elastic Beam Model for Indentation Problems..............ccceiiiiiiiiiiiiiiiiniiiiinin e 107
Min Li, Chong-Qing Ru

Advanced Manufacturing 1

Development of WC-CO Tool by Additive Manufacturing ............ccuuieiuuieiiieiiiieiiie et eeiae e 110
Sanjay Kumar, Aleksander Czekanski

Fabrication of Inexpensive Filaments for Fused Deposition Modeling .............cccoviiiiiiiiiiniiiiniiiiiniiiiinciineciineeen 114
Aleksander Czekanski, Sanjay Kumar

Predicting the Mechanical Properties in Fused Deposition Modelling of Elastomers using Artificial Neural Network .118
Aleksander Czekanski, Salman Chaudhry

From Tunneling to Hopping: A Comprehensive Investigation of Temperature Coefficient of Resistance in Carbon
Nanotube/Polymer NANOCOMPOSIEES .......v.uiuntuneiineeteti ettt ettt et e et et e et e taeta et et e et e et e et eeneaneanaeenaenneees 122

Z. H. Zhu, S. Gong

The Effect of Quenching Medium on The Microstructure and Mechanical Behaviour of Incnel 625 Welded Alloy..... 125
Anas M. Atieh, Abdulaziz AlHazaa, Atta G. Attaelmanan

Xi



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Robotics and Control Systems

Wall-following Motion Primitives for A Three-Wheeled Cleaning Robot ..................cc.ooooi 129
David J. Yoon, Steven L. Waslander, Kenneth Lee, Pablo Molina

Fault-Tolerant Control for Quadrotor Helicopter with Parametric Uncertainty Based on Integral Sliding Mode
(6707515 PN 135

Ban Wang, Youmin Zhang

Hovering Quadrotor Control in A Windy Environment Using Neural Network..............ccooiiiiiiiiniiiiiniiniieenn, 139
Yintao Zhang, Youmin Zhang

Nonlinear Model Predictive Tracking Control of Wheeled Mobile Robots Using Modified C/GMRES Algorithm...... 143
Yuanyang Pei, Jian Pan, Kunwu Zhang, Yang Shi

Tangential Impact for Multibody Systems with Numerical Application on Robot.............c.ccceiiiiiiiiiiiiiiiniin. 147
Hassan M. Alkomy, Khaled T. Mohamed, Ahmed S. Ashour, Hesham A. Elkaranshawy

Fluid Mechanics

Numerical Study of The Effect of Reactant Intrusion into The Gas Diffusion Layer on The Limiting Current of

Sadegh Hasanpour, Mohsen Akbari, Ned Djilali

Diffusion Angle Effects on Cavitating Flow of Liquefied Natural Gas inside A Laval Nozzle..............cc..cceveennnnien 156
Saeed Rahbarimanesh, Joshua Brinkerhoff

Experimental Measurement of Flow Distribution to Enhance and Control Pipe Lining..............ccooooiiiiiiininiinn. 161
Michael McKinnon, David A. Johnson

Three Dimensional Unsteady Confined Viscous Flows with Time-variable Inflow Velocity at Low Reynolds
INUIMIDEIS ..ottt e e et et 165

Abdurrazag Khaled, Dan Mateescu

Aeroacoustic Modeling for Flow past A Bluff Body at Two Distinct Reynolds Numbers..............ccooooiiiiin 169
Sultan Ibrahim Alqash, Kamran Behdinan

Computational Solid Mechanics

Effective Convergence Checks for Finite Element Analysis of Stress COncentrations............c.ooeeeuueerinneerineeennnnnn. 174
Glenn Sinclair, Jeff Beisheim

Tuned Test Problems for Verifying Finite Element Analysis of Stress Concentrations ...............eceuuveevineeeiineennnnenn. 178
Boliange Zhang, Yi Zhang, Glenn Sinclair

Fatigue Analysis of The Longitudinally Welded Large-Diameter Oil Pipelines..............ccccocooiiiiininn . 183
Evgeny Anisimov, Meera Singh, Les Sudak

Shear Feasibility: New Theoretical Understanding Regarding The Growth of Nanovoid ..............cccoeeiiiiiiiinienn. 187
Yi Cui, Zengtao Chen

On The Finite Element Modelling of Octet-Truss LattiCe StruCtures.............couuviiiuiiiiiniiiiineiinieiineiiie e 191
Mohamed Abdelhamid, Aleksander Czekanski

Mechatronics and Control Systems

ContrLe DAttitude DUn Satellitte Par Systme Inertiel ...............oooiiiiiiiiiiiiiiiiiii e 196
Marie-France BARRIOL DANDINE, Danile DARGAUD

Stepper Motor Controller Based on S-shaped Control Algorithm and Its Application ............cccceeeevviiiiiiiiineennnnee. 200
Wang Su, Xu Xi, Yi Mengyun, Zhu Fei, Wang Jiaqi, Chang Yufang

Xii



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Positioning Control Method for Linear Switched Reluctance Machine System..............cc.cooooiiiii ... 204
Li Qiu
Tethered Satellite Deployment by Fractional Order Sliding Mode Control...............ccceeiiiiiiiiiiiiniiinn, 206

Zheng H. Zhu, Junjie Kang

Discrete-Time Piecewise Affine System Identification for MPPT Operation of A Wind Turbine .............cc....c.uuneeee. 210
Peyman Sindareh-Esfahani, Jeffery Kurt Pieper

Micro-fluidics
Endoscopic Robotic Tool System for Project NeUIrOarm ............couuviiiiiiineiieine et eane e 215

Don Peterson, Kourosh Zareinia, Garnette Sutherland, Salvatore Federico

Numerical Simulation of Magnetophoretic Based Particle Capturing Using Continuous Flow Microfluidic Device.....219
Amir Seyfoori, Seyed Ali Seyed Ebrahimi, Mohamadmahdi Samandari

Experimental Investigation of The Effect of Viscosity on Dean Flow VeloCity..........c.cveeiviiiiiniiiiiniiiiiniiineiiineen, 223
Pouriya Bayat, Pouya Rezai

2D Continuum Model for Simulating Angiogenesis Studies in Microfluidic Systems.............cccoveeiiiiiiiiiiiiineenn. 227
Nikola Kuzmic, Edmond W. K. Young

On-demand Stimulation and Movement Analysis of Zebrafish Larvae Inside Microchannels Using Electric and
FIUIdIc SHMULL ..o et e et e e e e e e e 231

Amir Reza Peimani Foroushani, Georg Zoidl, Pouya Rezai

Renewable Energy Systems

Sustainable Use of Biogas for District Energy SyStems............coiuuiiiiiiiiiiiiiiiiiiii e 236
Adreon Raymond Murphy, Alan S. Fung

The Effect of Ice Accretion on Wind Turbine ASrOAYNAMICS ........eeuuneerunieiiieiiiiee et eti e et eei e eiieeeanaeenns 240
Galal M. Ibrahim, Kevin Pope, Yuri S. Muzychka

Robust LPV Gain Scheduling for Variable Speed Variable Pitch Wind Turbine ..............cccooeeeiiiiiiiniiniiinienn. 244

Ali Farhangfar, Jeffery Kurt Pieper, Peyman Sindareh-Esfahani

Comparing Pathways for Decarbonizing A Fossil Based Power Systems through Intertie Expansions And Bioenergy.248
Victor Keller, Jeffrey English, Bryson Robertson, Peter Wild, Andrew Rowe

Modeling of Dual Stage Pressure Retarded Osmosis for Scaled Up Operation.............cc.oeeuieiuiiiiniiniiiiieinieineennenn. 254
Roghayeh Soltani, Henning Struchtrup

Failure Mechanics and Design

Fundamental Solutions and Analysis of Rectangular Interface Crack in A 3D Magnetoelectrothermoelastic
123 B 1S 4 | D PPN 256

Huayang Dang, Minghao Zhao, Cuiying Fan, Zengtao Chen

High-Speed Infrared Imaging for Material Characterization in Experimental Mechanic Experiments....................... 260
Marc-Andr Gagnon, Frdrick Marcotte, Marc-Antoine Langevin

Development of A Multi-Failure Specimen for Validation and Calibration of Damage Models .................ccoeeeeennnie. 264
Bruce Williams, C. Hari Simha, Mark Gesing,, Lucian Blaga

Development and Flight of An Imaging Fabry-Perot Spectrometer for Atmospheric Studies ..................ccoooeini. 268
Jinjun Shan

Integrated Engineering Design Approach for Undergraduate Teaching..............occuuiiiiiiiiiiiiiiiiiniiiiiniiie e 272
Sharman Perera, Talveen Labana, Edward Waller, Glenn Harvel, Robert Ulrich, Callan Brown

Xiii



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Vibration and Dynamics

Nonlinear Dynamics of A Free-Clamped Cylinder in AxXial FIOW .........c.ooiiiiiiiiiiiiiiiii e 276
Ahmed R. Abdelbaki, Michael P. Paidoussis, Arun K. Misra

Misalignment and Unbalance Faults Detection and Identification Using KNN Analysis ........c.ccoceveiiiiiiiinieineennenn. 280
Ashkan Nejadpak, Cai Xia Yang

Dynamic Positioning of An AUV: A Lyapunov-based Model Predictive Control Approach..............cccuveeeiineiinnnnenn. 284
Chao Shen, Kunwu Zhang, Yang Shi, Brad Buckham

A Corotational Formulation for Geometrically Nonlinear Analysis of 2D Beams and Frames .............c....cccoecceniion 288
Ahmed A. El-Erian, Walied I. Hussien, Hesham A. Elkaranshawy

Posture Dependent Chatter Analysis in RObotic MAlling............oouiiiiiiiiiinii e 293
Hamed Assadi, Keivan Ahmadi, Klaus B. rskov

Thermodynamics and Heat Transfer

Performance Evaluation of Wildland Forest Fire Chemicals Using A Custom-built Thermal Canister ...................... 299
Razim Refai, Rex Hsieh, Andr G. McDonald

Numerical Simulation of Fast Fill of Compressed Natural Gas with Passive Heat Removal...............c....ccooooni. 303
Guoyu Zhang, Joshua Brinkerhoff, Ri Li, Chris Forsberg, Todd Sloan

Stability and Thermal Conductivity of Paraffin Wax with Multi-Walled Carbon Nanotubes..............cc..cccvevuvienennnen. 307
Vahit Saydam, Xili Duan, Xiaoxu Fan

Lattice Boltzmann Simulation of Convection Heat Transfer Using A Thermal External Boundary Method ............... 311
Amin Parvan, Mohammad Rahnama, Ned Djilali

Measurement of Adiabatic Temperature Change in A Porous Regenerator Using Fibre Bragg Grating..................... 315

Theo V. Christiaanse, Geoff A. M. Burton, Premakumara Govindappa, Iman Niknia, Reed Teyber, Paulo V.
Trevizoli, Andrew Rowe

Biomechanics and Biomaterials

A Hyper-Viscoelastic Constitutive Model for Non-Human Primate Spinal Cord White Matter .................ccceeeevnnnee. 320
Shervin Jannesar, Carolyn J. Sparrey

Simulation of Particle Deposition in Emphysematous Human Acini.............coooiviiiiiiiiiiniiniiiencececee 323
Amitvikram Dutta, Joshua R. Brinkerhoff, Andre Phillion

Numerical Investigation of Ascending Thoracic Aortic Aneurysm Using Fluid-Structure Interaction Method............ 327
Han Hung Yeh, Simon W Rabkin, Dana Grecov

Drug Releasing Scaffolds for Neuronal Differentiation of Human Induced Pluripotent Stem Cells ................c......... 331

Bahram Mirani, Tara Styan, Nima Khadem Mohtaram, Sarah Wong, Erik Pagan, Armin Bayati, Daniel
Pedde, Stephanie Willerth, Mohsen Akbari

Irreversible Strains and Evolution of Fibre Pattern in Hydrated, Fibre-Reinforced Soft Tissues............cccoceveeneennnee. 335
Salvatore Di Stefano, Kotaybah Hashlamoun, Salvatore Federico, Alfio Grillo

Nanostructures and MEMS

A Multi-Axis Piezoresistive TaCtile SeNSOT ATTAY .....ceuuiiuiiiiiiie ittt et et e e e e e e e enneees 340
Shichao Yue, Walied Moussa

Experimetnal Investigation on A T-Beam Microresonator Exhibiting Half Subharmonic Resonance........................ 344
Atabak Sarrafan, Oldooz Pooyanfar, Behraad Bahreyni, Farid Golnaraghi

Xiv



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Insights into Layer Dependent Adhesion and Friction on Atomically Thin Films Interpreted Through Simulations
Solved Using Finite BIBIMENTS ... ....c.uiiiiiiiiii e ettt et et et e e e e e eaneees 348

Philip Egberts, Peng Gong

A Macro Scale Design Criterion for Gecko-Inspired Dry Adhesives...........eeeuuiiiiiiiiiiniiiiiniiin e 349
Mattia Bacca, Jamie A. Booth, Kimberly L. Turner, Robert M. McMeeking

Numerical Simulation of A Microfiber Fabrication SyStem............cc.oiiuiiiniiiiiirii e e 353
Bahram Mirani, Gillian Nixon, Mohsen Akbari

Advanced Manufacturing 2

Development of A Multi-Axis CNC Grinding Wheel Grooving Device............cccuuviiiiiiiiiiiiiiniiiiineeiiieeeieciieeen 358
Cameron Forbrigger, Andrew Warkentin, Robert Bauer

Electroforming of Non-Conductive 3D Printed PartS..............coouiiiiiiiiiiiiii e 362
Panteha Fallah, Lucas A. Hof, Rolf Wthrich

On Using Nano-Cutting Fluid When Maching Austempered Ductile Iron.............c...occooviiiiiiiini 366
Abdelkrem Eltaggaz, H. A. Hegab, 1. M. Deiab, H. A. Kishawy

Optimization of Metal Cutting Thin-Blade Geometry for Slotted Linear Manufacturing..............ccoceovieieiniinnenn.en. 370
Yazdan Kordestany, Yongsheng Ma

Finite Strip Modelling of the Varying Dynamics of Shell-Like Structures During Machining Processes ................... 375
Josiah Stefani, Keivan Ahmadi

Experimental Methods

Axial Strain Variations through Cartilage Depth...............ooiiiii 380
Amin Komeili, Ziad Abusara, Salvatore Federico, Walter Herzog

Experimental Investigation of Droplet Oscillation and Impact on Hydrophilic and Hydrophobic Surfaces with
Varying WEADIIILY ...... ettt ettt ettt et et e et e e e e e et e et e et e e e e e e e e e e eeaneees 384

Yuntao Pan, Kewei Shi, Xili Duan, Greg Naterer

The Correlation Between Pulp Properties and Bar Forces in LC Refining Using A Piezoelectric Sensor................... 388
R. Harirforoush, J. Olson, P. Wild

Generating Non-Spherical Alginate Microparticles by Electrohydrodynamic Spraying ...........c.c.ceeuuveeiinieiiineennnnees 393
Morteza Jeyhani, Sze Yi Mak, Stephen Sammut, Ho Cheung Shum, Dae Kun Hwang, Scott S. H. Tsai

Crack Detection Using Pavement Depth Image Based on Block Segmentation .............coceeuviiiniiiiiiiiiniiiiineennnnns 395
Lei Wang, Ze Chen, Mingming Zhou, Chenglong Xiao, Mengmeng Yang, Hongda Ma, Tongqi Chen, Li He

Mechanical Optimization
Evaluation of Lattice Structure Optimization Software Using 3D Printing ...............cccoooiiiiiiiiiiniiiiiiiinniiiiiineeeee 398

Mohamed Abdelhamid, Aleksander Czekanski

A New Meta-Modeling Global Optimisation Algorithm for Solving Complex Problems with Improved Search
EEICIEIICY ... ittt ettt 402

Abdulbaset Elhadi Saad, Khalifa Ezaedi, Zuomin Dong, Salem Jliedi

Design Optimization of Autofrettaged Pressure VESSel ..........ociuuniiiiiiiiiieiii e 406
Abu Rayhan Ali, Aminur Rahman, Nidul Ch. Ghosh, Tanvir-E-Alam

A Review of PHEV Control, Energy Management and Their Real-Time Optimization.............c...cccceveiiiiiinineennnnee. 410
Haijia Zhu, Zuomin Dong

XV



Proceedings of the 26th CANCAM
Victoria, British Columbia, Canada, May 29 June 1, 2017

Renewable Energy Systems 2

A Review of Lithium-ion Battery Degradation Mechanisms and Modeling Methods .............cccooeeiiiiiiiiiiiiineenn. 415
Li Chen, Zuoming Dong

Experimental Considerations of the Wake Effects of Wind Turbines................cccoooiiiiiiiiii, 419
Michael McKinnon, David A. Johnson

Design and Energy Modelling of A Solar Home Mechanical System Using Trnsys ........ccuuveeviniiiiineiiiieiiineeiinneenn. 423
Kajen Ethirveerasingham, Alan S. Fung

Fluid Mechanics 2

Implementation of Lees Edwards Boundary Condition in Three Dimensional Particulate Flows ...............cc....ooo. 428
Behnam Khalili, Ned Djilali, Mohammad Rahnama

Rheology of A Propylene-glycol I6e SIUITY .........ooouiiiiiiiiiiiiii e 433
Charles Landa Onokoko, Nicolas Galanis, Michel Poirier, Sbastien Poncet

A GPU-Accelerated Smoothed Particle Hydrodynamics Algorithm for Free Surface Flows ..............ccooociiiini. 437
Jiandong He, Nima Tofighi, Mehmet Yildiz, Juanmian Lei, Afzal Suleman

Fluid Mechanics and Heat Transfer

Characterization of Frost Formation on A Cold SUMaCE .........oouiiiiiniiiiiii et aeaaes 442
N. Niroomand, M. Fauchoux, E. Walia, C. J. Simonson

Condensation Modeling on the Fin Top of A Micro-grooved Heat Pipe............cccouiiiiiiiiiiiiiiiiiiinee e 446
Mobin Alipour, Zafer Dursunkaya

Effect of Outdoor Air Pre-Conditioning on ASHP Performance Using EAHE ..........c...ccooiiiiiiiiiiniiiee, 450
Deva S. Veylan, Alan S. Fung

XVi





