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ABSTRACT

Experiments have been conducted to verify the suitability of Fick's second law to
describe moisture flow in wood.

The moisture content change with time were plotted for absorption and desorp-

tion, and it was observed that these variations follow the same trend as modelled on the

computer [1].

The mean integral diffusion coefficient D for the wood species were calculated on
the basis of Boltzmann's solution of Fick's second law, D ranges from 2.0 x 10~*em2 js to
4.2 x lQ~3cm2/s for both absorption and desorption.
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1. INTRODUCTION

Fick's diffusion equation flC^'') = D ^f^-,x > 0,t > 0 has been investigated
by computer simulation for a slab of wood under the initial condition C(x,0) = 0 and
boundary conditions C(0,f) = 10, C(a,t) = 0 [l]. Experimental measurements of moisture
content changes with time have been done to compare the results with those obtained by
the computer simulation.

Wood has the ability to swell and shrink signifying a potential to store and release
fluid. The moisture content varies under different circumstances, but the dry weight in a
given sample is constant.

During absorption, there is a. mechanical take-up of a. fluid by the porous medium
within its gross structure, and the varying moisture content M^ is expressed as a percentage
of the initial weight of ..he sample [2],

MA =
Weight of moist sample — Initial weight of sample

Initial weight of as received sample

During desorption, wood loses moisture to its surroundings, and the moisture content MQ

at anytime is defined on dry basis by:

Weight of moist sample — Dry weight of sample
Dry weight of sample

Wood is highly porous, but not permeable. Most commercial hardwoods have void volumes
ranging from 45 to 80%. The density of wood material is approximately constant (about
1560 kg/m3) in all species but the average density of wood is 400 kg/m3 (see Table 1).

2. DESORPTION STUDIES

Even though tl)<* microstructure of wood reveals throe structural directions,
namely: transverse, tangential and radial, the open-air sun-drying method adopted could
not permit anisotropic considerations in the drying characteristics. The points used to en-
sure one-dimensional flow deteriorated rapidly with the high ambient temperature (which
could reach up to 50°C). The desorption studies were considered rather as volume flow out
of the rectangular slab through all the surfaces.

During the sun-drying, samples were weighed and later exposed to direct sunlight
from 0800 to 1700 hours. At an hourly interval, the samples were recovered and weighed
until a constant weight was obtained after about nine hours of drying time.

The results obtained for constant exposure time of one hour with an initial drying
temperature of 30°C and relative humidity of 81% are shown in Fig.l. These results agree



with the computed results. All the graphs show the falling-rate period and the constant-
rate period.

During the dehydration, water evaporated slowly from the wood until equilibrium
with the surrounding air was reached. Moisture loss gradient was higher in less dense
species because of their large void fraction which retain more water per unit volume.

3. ABSORPTION STUDIES

Samples of wood were immersed in water at normal atmospheric conditions for
moisture absorbed-time dependence to be investigated, in radial, transverse and tangential
structural directions. The results are shown in Figs.2, 3 and 4 respectively. The nature of
these plots is the same as obtained for the computer plots.

In all the three modes of absorption, obeche appear to posses the highest capacity
for moisture absorption per unit time. Afromosia was found to possess the least capacity
for absorption. Moisture movement in the radial direction was the highest; the least being
in the transverse direction.

4. DIFFUSION COEFFICIENT FOR MOISTURE FLOW

The expression for determining the diffusion coefficient of moisture through the
void cavities of wood is of the form [3]:

D =
16t (1)

where a is the thickness of the material between the diffusion faces, E is the moisture
content change (i.e. ratio of moisture absorbed or lost after time t to the equilibrium or
final moisture), and t is time in seconds. Eq.(l) is a Boltzmann's solution of the Fick's
second law applied to non-steady state diffusion in composite materials. According to
Skaar [4];

E-£Z* (2)
where M is moisture content at time t, Mils initial moisture content, and Mc is the final
moisture content.

The calculated values of the diffusion coefficient are shown in Table 2. It is
observed that values of D were greatest for absorption in radial direction and least for
tangential direction. For all the wood species investigated, obeche has the highest moisture
change rate, while afromosia has the lowest change rate.

5.

tors:

6.

DISCUSSIONS

Errors involved in the experiment could arise principally from the following fac-

a) Obtaining the dry weight for a sample was found to be practically impossible

unless the wood was dried to deterioration.

b) Interaction of water with volatiles and other infiltrates in the wood.

c) Fluctuations in the atmospheric temperature and relative humidity {during des-
orption).

CONCLUSIONS

Experimental work has been done to investigate the movement and diffusion of
moisture in tropical hardwood. The diffusion coefficient calculated ranges from 2.0 x
KT3cm2/s to 4.2 x lQ-icm7/s.

Wood species of low void fraction and high bulk density show low moisture uptake
and rejection of water. Higher moisture uptake could be associated with wood of lower
bulk density and higher void fraction.

Moisture diffusional flow in wood follows Frick's second law and hence the process
is a non-steady state flow. The experimental data show tl at moisture absorption and
desorption follow a curvilinear variation with time as obtained from the results of computer
simulation. These results agree well with the work done by Stamm and Nelson [5].
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Table 1
Wood species selected for experimental investigations.

Species

Afromosia
(Afromosia Elata)

Iroko
(Terminalia Ivorensis)

Utile
(Entandrophragna Utile)

Sapele
(Entandrophragna Cylindricum)

Obeche
(Triplodiitin Sclerexylon)

Bulk density dsKglm^

720

690

CGO

630

3S0

Void fraction Vf

0.54

0.56

0.58

0.60

0.76

Table 2
Diffusion coefficient for moisture flow in wood.

Species

Obeche

Sapele

Utile

Iroko

Afromosia

Absorption
D(lQ-3cm2/s)

2.6

2.6

2.4

2.2

2.1

Desc
Radial

4.2

4.1

4.0

4.0

3.7

>rption D(10~
Transverse

4.0

3.9

3.8

3.3

3.1

3cm2/s)
Tangential

3.1

3.1

3.0

2.9

2.8



Moisture absorption in radial direction.

Moisture desorption curves in wood species,
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