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a b s t r a c t

In the present study an experimental investigation of heat transport and water infiltration in granular
packed bed (unsaturated porous media) due to supplied water flux is carried out. The study is focus
on the one-dimensional flow in a vertical granular packed bed column assuming local thermal equilib-
rium between water and particles at any specific space. This experimental study described the dynamics
of heat transport and water infiltration in various testing condition. Experimentally, the influences of par-
ticle sizes, supplied water flux and supplied water temperature on heat transport and water infiltration
during unsaturated flow are clarified in details. The results showed that the granular packed bed with
larger particle size results in faster infiltration rate and form a wider infiltration depth. Furthermore,
the increase of the supplied water flux and supplied water temperature corresponds to faster infiltration
rate, but the results not linearly related to the interference between the heat transport and hydrodynam-
ics characteristics in granular packed bed.

� 2011 Elsevier Inc. All rights reserved.

1. Introduction

Water infiltration is an important process in many fields such as
in the fields of hydrology, soil science, agriculture, civil engineer-
ing, and chemical engineering. Infiltration characteristics of water
are of prime interest for a variety of concerns, including water con-
servation, flooding, runoff, erosion, recovery of isothermal energy,
temperature control of soil and food preservation process. The
infiltration of water is affected by several intrinsic and extrinsic
factors. The intrinsic factors affecting the infiltration of water are
the hydraulic conductivity function, water retention characteristics
and porosity of media. The extrinsic factors mainly refer to climatic
conditions, such as water flow pattern, ambient temperature,
water flow rate and surface tension.

In the past few decades, the infiltrations of water have been stud-
ied by several researchers. Abriola and Pinder [1] proposed an infil-
tration model of porous media contamination by organic
compounds. And they were considered the effects of matrix and fluid
compressibilities, phase composition and mechanism of driving
forces, i.e., capillarity, diffusion and dispersion. Stauffer and Dracos
[2] presented the experimental and numerical study of water and
solute infiltration in layered porous media which restricted to
two-dimensional flow in a vertical plane. They indicated the relation

between capillary pressure and degree of saturation. Haverkamp
et al. [3] compared the numerical simulation models for one
-dimensional infiltration. They reported that the implicit schemes
with implicit, or explicit evaluation of the hydraulic conductivity
and water capacity functions appear to have the widest range of
applicability for predicting water movement in soil with both satu-
rated and nonsaturated regions. Wang Quan-Jiu et al. [4] reported an
analytical solution for one-dimensional water infiltration and redis-
tribution in unsaturated soil. Their results showed that the model is
convenient and simple to use for predicting soil water movement
without evaporation. Nevertheless, a few experimental of large-
scale infiltration have been reported by Haim Gvirtzman et al. [5],
Kulongoski and Izbicki [6] and Zheng Xiuqing et al. [7].

The excellent reviews concerning problem of heat and mass
transport in porous media have been performed by Aoki et al.
[8]. Ratanadecho et al. [9–13], Ying Ma et al. [14], Henry and Smith
[15], Binning and Celia [16] and Parlange [17].

Although water infiltration processes have been studied
actively for several decades, relatively few study reports the prob-
lem of heat transfer in granular packed bed coupled with unsatu-
rated flow systematically, especially considering the effects of
particle sizes, supplied water flux and supplied water temperature.
This work is extended from the work of Aoki et al. [8] and carried
out on experimental work for analysis of heat transport and water
infiltration in granular pecked bed in several testing conditions.
The purpose of this work is to study the influences of the particle

0894-1777/$ - see front matter � 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.expthermflusci.2011.07.003

⇑ Corresponding author. Tel.: +66 0 2564 3001 9; fax: +66 0 2564 3010.
E-mail address: ratphadu@engr.tu.ac.th (P. Rattanadecho).

Experimental Thermal and Fluid Science 35 (2011) 1530–1534

Contents lists available at ScienceDirect

Experimental Thermal and Fluid Science

journal homepage: www.elsevier .com/locate /et fs

http://dx.doi.org/10.1016/j.expthermflusci.2011.07.003
mailto:ratphadu@engr.tu.ac.th
http://dx.doi.org/10.1016/j.expthermflusci.2011.07.003
http://www.sciencedirect.com/science/journal/08941777
http://www.elsevier.com/locate/etfs

