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ABSTRACT

Conductive and convective heat transfers are the two dominant heat transfer mechanisms within porous media. While
conduction is generally a slow process, that is a function of the thermal properties of the media, convective heat
transfers can be a more rapid process. To better understand this process for geotechnical applications laboratory tests
were performed at the UofA Geotechnical Centre to measure air movements in porous media as a function of different
boundary conditions. The tests were carried out in a well-insulated cylindrical tank with a height of 1.5 m and a diameter
of 1.2 m, respectively. Temperature boundary conditions were selected to test various Rayleigh numbers typically
recorded for coarse grained fills under Arctic temperature conditions. Thermistors were placed at different locations in
the tank to obtain information about the convective air movements. Based on initial measurements numerical modelling
was performed to simulate the processes recorded. These investigations are used to optimise the air convection
cooling in cover materials for geotechnical designs, as well as to calibrate a new numerical code to model air convection
in coarse fills.

RESUME

La conduction et la convection sont les deux mécanismes thermiques dominants dans des médias poreux. Tandis que
la conduction est généralement un processus lent qui est une fonction de la conductivité thermique des médias, les
transferts de chaleur de convection peuvent étre plus rapides. Pour comprendre mieux ces processus des essais
laboratoire ont été exécutés au centre géotechnique de I'Université d'Alberta pour mesurer des mouvements d'air dans
des médias poreux en fonction de différente condition thermique et géométrique. Les essais ont été effectués dans un
réservoir circulaire bien-isolé avec une taille de 1.5 m et d'un diamétre de 1.2 m. Des conditions thermiques ont été
choisies pour examiner de divers nombres de Rayleigh typiquement enregistrés pour les matériaux granuleux et les
conditions arctiques. Des thermistances ont été placées a différents endroits dans le réservoir pour obtenir des
informations sur les mouvements d'air. Basé sur modeler numérique de résultats préliminaires a été exécuté pour
simuler les processus enregistrés. Ces investigations sont utilisées pour optimiser la convection d'air se refroidissant
en matériaux de couverture pour des conceptions géotechniques, comme pour calibrer un nouveau code numérique
pour modeler la convection d'air dans les suffisances brutes.

acceleration of consolidation and freezing of mine waste
tailings in the North using natural convection. Refreezing
of waste rock piles to reduce acid drainage has further
been demonstrated by Klassen et al. (2007).

1 INTRODUCTION

Convection in porous media has been studied extensively
and has therefore been the subject of much previous
work (e.g. Nield and Bejan 1999). However, applications

for geotechnical engineering, in particular in the North,
have only rarely been the focus of this research. Natural
convection of air in porous, coarse rock has a great
potential for cooling the ground and therefore protecting
permafrost from degradation or accelerating the re-
establishment of permafrost conditions following
construction. Field measurements and numerical
investigations of embankments demonstrated these
effects in Alaska (Goering and Kumar 1996; Goering
1998; Goering 2003; Saboundjian and Goering 2003) or
for the Qinghai-Tibet Railway (Lai et al. 2003; Lai et al.
2004; Cheng 2005; Sun et al. 2005; Quan et al. 2006; Yu
et al. 2006; Sun et al. 2007). In addition, Arenson et al.
(2006) and Arenson and Sego (2007) utilised numerical
modelling to show effective ways for the protection of
existing embankments in permafrost regions and the
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However, detailed laboratory investigations on the air
convection with geotechnical application are rare.
Goering et al. (2000) and Yu et al. (2004) present
laboratory investigations carried out on railway ballast
using a square box. Only limited temperature data and
no air speeds are available. Forced convection through a
rectangular layer of blocky stones was recently
investigated by He et al. (2007) and Zhang et al. (2007).
Zhang et al. (2006) further showed the cooling effect of a
sloped crushed-rock revetment placed on the side slope
of an embankment in the laboratory. However, detailed
information about the temperature distribution with time
and air flow measurements were not presented in these
studies.
























