@ IGAPH 2004

Applications of Porous Media

Editors
A. H. Reis & A. F. Miguel




Applications of Porous Media

Proceedings of the International Conference on Applications of Porous Media
ICAPM 2004

.
University of Evora, Evora, Portugal

May 24-27, 2004

Editors
A. Heitor Reis and Anténio F. Miguel
Evora Geophysics Center and Department of Physics
University of Evora
Evora, Portugal

Published by ]
(}entro de Geofisica de Evora
Evora, Portugal




Applications of Porous Media
A. H. Reis and A. F. Miguel, Editors

This book represents information obtained from authentic and highly regarded source. Reprinted
material is quoted with permission. Every reasonable effort has been made to give reliable data and
information, but the editors and the publisher cannot assume responsibility for the validity of all materials
or for consequences of their use.

All rights reserved. This book, or any parts thereof, may be reproduced in any form without consent from
the publisher.

© 2004 by Centro de Geofisica de Evora (CGE), Evora, Portugal

ISBN 972-9098-36-0

Depésito Legal n® 211426/04



Table of
Contents

General: Theory and Modelling

Limitations of Darcy’s law in light of inlet and exit pressure drop
C. Naakteboren, P. S. Krueger and J. L. Lage

Effect of inlet velocity profile on permeability and form coefficient of porous inserts
L. Wilson, A. Narasimhan and S. P. Venkateshan

Permeability-porosity relationship from a geometrical model of shrinking and flow simulations in
two-dimensional pore networks
J. R. Quispe , R. E. Rozas and P. G. Toledo

Direct numerical simulation of plane channel flow over a 3D cartesian grid of cubes
W.P. Breugem, B.J. Boersma and R.E. Uittenbogaard

Longitudinal and transverse mass dispersion coefficients for an infinite porous medium
M. S. Mesquita and M. S. De Lemos

The maximization of heat transfer density at decreasing length scales
A. Bejan

Effect of distributing a fixed amount of solid constituent inside a porous medium enclosure on
the heat transfer process
A. A. Merrikh and J. L. Lage

Mechanical dispersion in laminar flow in porous ceramic foams
J.C.F. Pereira, T. C. Hayashi and |. Malico

Numerical analysis of the filling process of domains partially filled with porous media
V. A. F. Costa

Numerical simulation of the thermodynamic behaviour of a micro-porous desiccant layer
C. Ruivo, J. J. Costa and A. R. Figueiredo

Thermoeconomical optimization of heat exchange network with porous media elements
V. Nikulshin , C. Wu and V. Nikulshina

Convection and Radiation in Porous Media

Conjugate and free convection in porous medium attached to a wall held at constant
temperature
A. A. Mohamad and D. A. S. Rees

A study of conjugate natural convection from vertical fins of various shapes embedded in a
porous medium
A. Vaszi, L. Elliott and D. B. Ingham

Fluid flow through permeable porous obstacle

T. Masuoka, Y. Kakimoto, A. Nomura and M Ooba

Comparison between the Forcheimer and the Brinkman model for natural convection in porous
media by the boundary element method

R. Jecl and L. Skerget

Free convection in a porous cavity filled with pure or saline water
A.C. Baytas, A. F. Baytas and |. Pop

15

27

37

45

51

59

67

75

83

93

99

107

113

121



Heat transfer in a duct partially filled with porous medium for pulsating flow

H. Dhahri, A. Boughamoura and S. B. Nasrallah

Natural convection in a cavity partially filled with a heat generating porous medium
F. D. Rocamora, M. H. J. Pedras and M. J. DeLemos

Onset of convection in an inclined porous layer with internal heat generation
L Storesletten and D. A. S. Rees

Free convection induced by oscillating conditions at the top
E. Holzbecher

Thermosolutal convection in a porous media saturated with aqueous solution near the density
maximum subject to cross of temperature and concentration gradients
F. Oueslati, R. Bennacer, H. Sammouda and A. Belghith

The analysis of natural convection in rectangular porous cavities with four squared isothermal
bodies
O. B. Hmood and A. A. Salem

Transient natural convection in three-dimensional porous cavities: reference results via integral
transforms
H. Luz Neto, J. N. N. Quaresma and R. M. Cotta

Experimental research on convection heat transfer of CO, at supercritical pressures in porous
tubes
P.-X. Jiang, Y.-J. Xu and R.-F. Shi

Simulation of turbulent heat transfer in a forward-facing step flow with a porous insert using
linear and nonlinear k- models
M. Assato and M. J. DeLemos

Numerical study of turbulent heat transfer above a porous wall
E. Stalio, W. P. Breugem and B. J. Boersma

Turbulent natural convection in oblique cavities totally filled with a porous medium
E. J. Braga and M. J. DeLemos

Turbulent dispersion in porous media modelled as an infinite array of transversally-displaced
elliptic rods
M. H. J. Pedras and M. J. S. DeLemos

Unsteady mixed convection boundary layer flow near the stagnation point on a horizontal
surface in a porous medium
R. Nazar and I. Pop

Numerical simulation of velocity and temperature distributions in porous media
Xiao-Chen Lu and Pei-Xue Jiang

Convection in a sidewall-heated porous cavity in the presence of viscous dissipation
D. A. S. Rees

Free convection near a stagnation point of a cylindrical body in a porous medium saturated with
a non-newtonian fluid
A. Postelnicu

An experimental study on dyeing of polyester with microwave heating
A. K. Haghi

Heat and fluid flow by natural convection and thermal radiation in a saturated porous vertical
channel
K. Slimi, S. B. Nasrallah and A. A. Mohamad

Multiphase Flow

Vapor phase transport of two-phase flow in porous media
C. Fang, X. F. Peng and Z. Yang

127

133

139

147

153

159

165

173

183

191

199

207

215

223

231

237

245

249

259



Nondestructive technique for the detection of humidity in buildings structure
A. R. Alkassir and J. Fernandez

Numerical simulation of polydisperse two-phase turbulent jets
M. A. Mergheni, H. B. Ticha and M. Sass

Pool boiling on a porous wire: effect of pore size on bubble nucleation and dynamics
F. Wang and X.F. Peng

Single and Double Diffusive Transfer. Packed Beds and Reactors

Thermo-solutal convection in heterogeneous porous media
C. G. Jiang, M. Z. Saghir and M. Kawaji

Opposing double diffusive flows in a vertical annular porous layer saturated by a binary mixture
A. Bahloul, M. A. Yahiaoui, P. Vasseur, R. Bennacer and H. Beji

Axial dispersion in flow through packed beds
J.M.P.Q. Delgado and J.R.F. Guedes de Carvalho

Numerical simulation of low Peclet mass transport in assemblages of spherical particles for a
realistic adsorption - reaction - desorption mechanism

F. A. Coutelieris, M. E Kainourgiakis and A. K. Stubos

Numerical simulation of a metal-hydrogen reactor connected to hydrogen tank during hydriding
process

F. Askri, M. B. Salah, A. Jemni and A. B. Nasrallah

Hydrodynamic behaviour of a biological packed bed under different hydraulic and organic
loading
A. Albuquerque and F. Santana

Porous Burners, Heat Exchangers and Fuel Cells

Experimental and numerical investigation of heat transfer enhancement using porous material
B. I. Pavel and A. A. Mohamad

Entropy generation in a pipe filled with porous medium totally and partially

T. V. Morosuk, A. A. Mohamad and C. V. Morosuk

Influence of pore-structure and water morphology on transport phenomena in a PEMFC
Y.Y. Zhou and X.F. Peng

Modelling the cathode catalyst layer of PEM fuel cells using the method of volume averaging
L. Bletzacker, M. Prat and M. Quintard

Transition behaviors at the filtration combustion of methane-air mixture

M. Mbarawa, and N. K. Kakutkina

Comparison of single-step and multi-step models for the 3-dimensional study of a two-layer
porous burner
T.C. Hayashi, I. Malico and J. C. F. Pereira

Design of Porous Structures. New Porous Materials and Applications

Study of porous structure of C/C composites
B. Tomkova

Dynamic loading of porous filters with fine particles
A. F. Miguel, A. H. Reis and M. Aydin

267

273

279

287

293

301

309

315

319

331

339

347

353

361

369

379

389



Analysis of filter performance as function of particle diameter, filter internal surface and filter
pore size distribution

A. H. Reis, A. F. Miguel and M. Aydin

Experimental study of the behaviour of a wet porous medium used for thermal protection
against the direct impact of flames

A. R. Figueiredo, J. J. Costa and G. C. Vaz

Effective thermal conductivity of syntactic metal foams

A. Ochsner and J. Gréacio

Yield-behavior of closed-cell metal foams in the elastic-plastic transition region
S. Strohla, W. Winter and G. Kuhn

Novel carbon molecular sieves for gas separation
J. M. V. Nabais, P. J. M. Carrott, J. A. Menendez and M. M. L. Ribeiro Carrott

Constructal design of a porous structure for gas transport from one opening to a surface
A. H. Reis, A. F. Miguel and M. Aydin

Fractal simulation of cooling effects in mesoporous structures
D. N. Nikitin

Thermodynamic analysis of micro-capillary systems
B. V. Kosoy

Applications in Biotechnology and Environmental Engineering

Transport through porous media: the influence of ionic interactions with the solid phase
S. Lorente , F. Frizon, J. P. Ollivier and P. Thouvenot

Evolution of gravitactic convection in a porous medium
A. Bahloul, T. Hung-Nguyen, P. Bournot and G. Lepalec

A parametric approach for the prediction of 222Rn exhalation rates from phosphogypsum-based
embankments

J.A. Rabi and A. A. Mohamad

Rigid or loose particles interacting with ice front during unidireccional freezing

T. Tao, X. F. Peng and D. J. Lee

Freezing-thawing characteristics of some bio-materials

H.L.Wu, Y. Maand X. F. Peng

Convective and diffusive flows in a rhythmically expanding alveolus

M. Aydin, G. Balik, A. H. Reis and A. F. Miguel

The Interaction between Transport and Biogeochemistry
E. Holzbecher

Soil pore structure from volume division by intersecting surfaces
V.Y. Chertkov

Experimental study of a semi-indirect ceramic evaporative cooler with energy recovery
F. J. R. Martinez, E. V. GOmez, R. H. Martin and F. V. Diez

Bioconvection: spontaneous pattern formation of micro-organisms
T. H. Nguyen, G. Lepalec, T. Nguyen-Quang and A. Bahloul

Separation and Purification Processes. Adsorbers, Filters, Membranes
and Molecular Sieves. Drying Processes and Driers

Effect of sintering temperature on transport parameters for inorganic microfiltration membranes
H. El Kinani, LYahyaouimi, M. Ra, M. |. Vasquez and J. Benavente

397

401

409

417

427

435

443

449

459

465

471

479

485

491

497

505

513

521

529



Characterization and treatment of gaseous effluents from driers of olive cakes to minimize
odours
S. Sanchez, A. Ortega, R. Pacheco, J. M. Palomar, M. Rubia, F. Cruz, A. Sanchez and A. Diaz

Characterization of porous membranes from salt diffusion and membrane potential
measurements
J. Benavente and M. |. Vazquez

Use of impedance spectroscopy to characterize porous membranes and their modifications
J. Benavente and A. Cafias

Simultaneous heat and moisture transfer in hydroscopic and non hydroscopic textiles
N. Nefzi, A. Mobarki, S. B. Nasrallah and F. Sakli

A fixed grid finite volume analysis of multi-dimensional freeze drying processes
J. H. Nam and C. S. Song

Numerical investigation of the heat and mass transfer within slab porous media with slab
dielectric cores in microwave freeze-drying
H. Wu, Z. Tao, G. Chen, G. Xu and S. Ding

Drying processes in the presence of salt: pore-scale modelling
N. Sghaier, M. Prat and S. B. Nasrallah

Digitally reconstructed porous media: transport and sorption properties
M. E. Kainourglakis, E. S. Kikkinides, A. Galani, G. C. Charalambopoulou and A. K. Stubos

Nanoporous carbon characterization using Grand Canonical Monte Carlo simulations of ambient
temperature — high pressure CO2 sorption in various nanopore geometries
E. Pantatosaki, G. K. Papadopoulos, T. Steriotis and A. K. Stubos

Author Index

All articles in this book were peer-reviewed

535

539

545

551

557

565

573

579

589

597






Conference
Committee

Chairman A. Bejan - Duke University, USA
Co-Chairman A. Mohamad - University of Calgary, Canada

International Organizing Committee

R. Bennacer - Cergy-Pontoise University, France
V. Costa - University of Aveiro, Portugal

J. L. Lage - Southern Methodist University, USA
A. F. Miguel - University of Evora, Portugal

A. K. Mojtabi - IMFT, Toulouse, France

I. Pop - University of Cluj, Romania

A. H. Reis - University of Evora, Portugal

R. N. Rosa - University of Evora, Portugal

M. Safi - ENIT, Tunisia

K. Vafai - University of California, Riverside, USA
R. Viskanta - Purdue University, USA

Advisory Committee
C. Baytas - Istanbul Technical University, Turkey

P. Cheng - Hong Kong University of Science and Technology, Hong Kong

R. Cotta - ME/COPPE/UFRJ, Brazil

I. Dincer - University of Ontario Institute of Technology, Canada
D. B. Ingham - University of Leeds, UK

M. Kaviany - University of Michigan, USA

M. J. De Lemos - Instituto Tecnologico de Aeronautica, ITA, Brazil
S. Lorente - INSA, Toulouse, France

W. J. Minkowycz - University of Illinois at Chicago, USA

S. B. Nasrallah - ENIM, Tunisia

D. A. Nield - University of Auckland, New Zealand
X. F. Peng - Tsinghua University, China

J. K. Platten - Université de Mons Hainaut, Belgium

D. Poulikakos - Swiss Federal Institute of Technology, Switzerland
M. Prat - Institut de Mecanique des Fluides de Toulouse, France
D. A. S. Rees - University of Bath, UK

P. Vadasz - University of Northern Arizona, USA

P. Vasseur - Ecole Polytecnique de Montreal, Canada

Local Organizing Committee
M. Aydin

P. Canhoto

I. Malico

A. F. Miguel

A. H. Reis

R. N. Rosa

A. M. Silva



Session chairs
A. Bejan

V. A. F. Costa
E. Holzbecher
D. Ingham

J. L. Lage

M. J. De Lemos
S. Lorente

A. Mohamad

X. F. Peng

A. Postelnicu
M. Prat

D. A. S. Rees
L. Skerget

Reviewers

A. Bejan

C. Baytas

P. Cheng

V. Costa

R. Cotta

|. Dincer

E. Holzbecher

D. B. Ingham

M. Kaviany

J. L. Lage

M. J. De Lemos

S. Lorente

I. Malico

A. F. Miguel

A. Mohamad

A. K. Mojtabi

S. B. Nasrallah
. A. Nield

T
o
=
=
()
2
o
7]

R. Viskanta
P. Vasseur



Foreword

The International Conference on Applications of Porous Media, ICAPM2004 was held at the
University of Evora, Portugal, from 24 to 27 May 2004. It received a considerable international attention
and attracted porous media researchers from all continents, who submitted their papers to the
Conference. All papers submitted were peer-reviewed and most of them underwent modifications at the
light of the reviewer's comments and some were rejected. At the end of the review process, 80 papers
were accepted to be presented at the Conference and published in the proceedings. We thank all
reviewers for the effort they did in such a short two-month period. We thank also the authors for
submitting their papers, being patient regarding some delays in the review process and meeting the
Conference guidelines.

The Conference Program extended over a broad range of subjects and covered the following topics:

General: theory and modelling

Convection

Multiphase flow

Single and double diffusive transfer

Packed beds and reactors

Porous burners, heat exchangers, fuel cells

New porous materials and applications

Applications in biotechnology and environmental engineering
Drying processes and driers

Separation and Purification processes. Adsorbers, Filters,
Membranes and Molecular Sieves

o Design of porous structures

e Radiation

We thank the conference chairman, Prof. Adrian Bejan, the co-chairman Prof. A. Mohamad, the
Organizing Committee, the Local Organizing Committee and the session chairs. We also acknowledge
the work of all people that contributed to the success of the Conference.

Finally, we acknowledge the “Centro de Geofisica de Evora” and the University of Evora, which
both hosted the Conference, for the remarkable effort expended.

The Editors



