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Abstract: In this study, change of moisture distribution in wood 15 analyzed by finite element technique.
Diffusion of moisture during drying and conduction of heat can be defined by Fourier law. Due to this similarity,
heat conduction module is vsed to estimate the moisture diffusion. Ansys version 12 is used in modeling.
Network 1s created with 2 dimensional link 32 elements. For modeling, the wood types which we know their
moisture diffusion coefficients from earlier studies are selected. The properties of a panel having the dimension
of 50x 10001000 mm are used. Moisture diffusion coefficient under fiber saturation point is assumed as
constant. Air-drying of wood plates having 40% moisture content in an environment having 10% moisture

content 1s modeled.
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INTRODUCTION

New technologies make the new materials available
for use but wood keeps its importance. Wood is a light
but strength material. It can be machined and coated
easily. It has a high resistance to noise and heat transfer
but, moisture is a disadvantage for wood. Moisture ratio
in wood affects its mechanical and thermal properties so,
it is dried before use. Drying process aims to decrease the
moisture ratio without destroying the cell structure of
wood, It is a costly process but highly increases the value
of wood {Bozkurt and Giker, 1996).

There are different techniques of  drying
(Kantay, 1993). In technical drying heat, moisture and
pressure are controlled. There may be some air circulation
also. Natural drying technique 1s widely used because of
its low cost. In natural drying, temperature of drying
environment, moisture ratio, direction and velocity of
circulating air are very important.

Drying of wood without any deformation at the
possible shortest time is very important. So, the
estimation of drying time is important for cost analysis
and planning of manufacture.

There are many mathematical models for drying but,
due to the impossibility of inclusion of all of the factors,
the estimation of real time is impossible. The density of
wood, the thickness and other dimensions of dried plate,
moisture ratio and distribution of moisture, the moisture
oradient between the wood and the environment, fiber
structure of wood, environmental temperature, chemical
properties of liquid extracted from the wood. the
temperature, direction and velocity of the drying air are

the main factors (Siau, 1983). In the developed models, the

moisture ratio along the thickness 1s assumed as constant.
In practice, to make the moisture ratio same along the
thickness, normalization process 1s preferred. The
parameters in mathematical models are variable so, they
arg defined as semi practical. As the practical techniques
needs some time and mathematical models are insufficient,
finite element technigues may be used. So, we studied on
the finite element analysis by software of drying in an
environment having no air circulation.

Babiak (1998) measured the coefficient of moisture
diffusion of beech and black locust in radial, longitudinal
and radial direction for 20 and 60°C. It was high in 60°C
than in 20°C. Resch er al. (1989) developed a computer
software program for drying of Dougles fir lumber.
Simpson (1993) experimentally determined the diffusion
coefficients of northern red oak. Simpson and Hart (2001)
developed a computer software program for estimating the
air-drying times of some woods. Fotsing and Tchagang
(2005) expenimentally determined the diffusion coefficients
of wood in 1sothermal conditions. Khazai (2007), studied
the water absorption characteristics of woods and
calculated the diffusion coefficients for Acer sp.. Ojamlesh
and pinus sp. wood.

MATERIALS AND METHODS

This study was conducted in Middle East Technical
University Technology Incubation Center on 2009,

Coefficients of moisture diffusion picked up from
different studies are given in Table 1 (Babiak, 1998;
Simpson, 1993; Simpson and Hart, 2001). In Table 1 the
temperature of the environment for coefficient of moisture
diffusion for different wood types is given, because the
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Table 1: Diffusion coefficient of moisture of some woods
Wood type

D {cdhifTusion coelMcient of maosiure)

Temperature (°C)

Black locust wood {Robinia preadoacacia) Q7= 107" 6l
Morthern red oak [ Quercus ribra) 28x107" 10
American beech ( Fapas grandifolia) 2521071 10
Sugar maple (Acer saccharum) 4.35= 107" 10
Yellow poplar { Liriodendron milipifera) Taoalx10-" 10
Ponderosa pine { Pinus ponderosa) 20 40 1 (! 10
Douglas fir { Psendotsuga menziesii) 1 3s=100 ! 10
Frake ( Terminalia superba ) 3230 Al
diffusion rate increases exponentially with temperature N
(Simpson and Hart, 2001). As shown in the Table 1,
ponderosa pine has the highest coefficient of moisture
diffusion and Douglas fir has the lowest. Those values are
used in the finite element analysis which will be explained.
Ansys version 12 of finite element analysis software is
used to solve the problem of moisture distribution in N":"r
wood during drying _{Ans}rs, 2009). Heat analy_sis N =N / :
problems module of this software solves the following
Fourier equation (Incropera and de Witt, 1990).
d (kd T/d xd x +d (kd T/d yWd y +d (kd T/d z)d z = pc, (d T/d 1) |
+ b *
|

Where:
C, = Heat capacitance
= Heat conduction coefficient
| = Time
T = Temperature
x, ¥. z = Coordinates
p = Density
q = Heat produced

If we assume that the coefficient of heat transfer in x,
v oand z direction is constant and there is no energy
production, Fourier equation is simplified and becomes:

¢T_1aT
dx’  a dt
IN_ 1N
de® D dt
a=D

k
a=

pC,

Due to the similarity between heat conduction and
moisture distribution, if D is assumed as constant and
there is no production of moisture; one dimensional
maoisture distribution problem may also be defined by
Fourier equation. D means the rate of diffusion of water
from internal sections to outside surface.

Thickness of wood is assumed as 50 mm with 1 m’
surface area. Moisture movement above the fiber

Fig. 1: Thickness of wood

saturation point is a combination of diffusion and mass
flow driven by a partial gradient. For that reason, the
diffusion analysis can be used when wood has first
pre-dried to below the fiber saturation point. So, moisture
content (N) at the beginning of drying process was
chosen as 40% and the final moisture content (N,) is
assumed to be the same with external environment which
is 10%.

In reality, the diffusion coefficient of moisture in
wood is different in longitudinal, radial and tangential
directions. That ratio is reported as different in some
studies (Liu and Simpson, 1997). In a stoudy, diffusion
coefficient of moisture in radial direction is 15-20% higher
than tangential direction and 2.2 - 2.7 times in longitudinal
direction (Fotsing and Tchagang., 2005). In our study, we
assumed that diffusion coefficient of moisture is the same
in all directions and resistance of wood to moisture
diffusion 15 assumed as negligible. As the initial and final
moisture ratios are assumed as 40 and 10%. respectively,
N 18 calculated as 30% by the following formula

(Siau, 1983):

N, =Nd+(2/3) . (Ni-Nd)

Thickness of the panel 1s very low as compared with
other dimension, so it 1s modeled as one dimensional. The
geometry of the panel was symmetric so, modeling half of
the thickness 15 assumed to be sufficient as shown 1In
Fig. I. In network, 10 link 32 elements (E1 to E10) at equal
distances are used as shown in Fig. 2.
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Fig. 2: Element E points on thickness
RESULTS AND DISCUSSION

The moisture ratio at the center of the thickness of
wood panels after 30, 60, 90,120, 150 and 180 days for
eight different types of wood are obtained from the
Ansysy software v.12 by entering the coefficient of
moisture diffusion and given in Table 2. Iteration time in
the estimation of drying times is selected as six days. The
highest decrease in moisture content at the end of 180
days 1s in ponderosa pine (10.000%) followed by black
locust (10.153%), vellow poplar (10.369%) and sugar
maple (12.672%). The lowest decrease in moisture content
15 in Douglas fir (26.382%) followed by Northern red oak
(20.045%), American beech (18.160%) and frake ( 15.289%)
at the end of 180 days. Those results are compatible with
the values given by Kantay (1993,

As shown in Fig. 3, moisture ratio decreases by time
but the amount of decrease is not the same for all types of
woods. At the early days of drying process, the liquids
move from the inside of the wood to the surface but, later
on this flow rate decreases.

By using the same software, it is also possible to
determine the moisture distribution along the thickness of
wood panels at the end of different periods or the time
necessary to reach to an expected moisture ratio i.e., x
days to reach from 35% moisture ratio to 15% in yellow
poplar having a thickness of 100 mm,

[t was reported that as the moisture ratio decreases,
the moisture diffusion rate also decreases (Simpson,
1993). In Northern red oak, as the moisture ratio decreases
from 30 to 3%, the coelficient of moisture diffusion
decreases exponentially up 30% and the dryving process
slows down (Simpson, 1993). Simpson (1993) notes (0.5%
difference between the experimental found values and
method of diffusion analysis in Northern red oak wood.

Table 2 Maoisture diffusion coefficients and moisture ratios at the center of

panels
Moisture rafio (%) at the end of drying pericods (days)
Wood ype 1 L | ] all ] 120 | &0 180
Black locust Q.07 25202 16063 12415 10962 0383 10,153

JEEIR 34225 29554 25674 2549 200045
38239 32699 27641 23649 20554 18160

Morthern red oak 208
American beech 252

Sugar maple 4.35 M.253 25733 20,003 16485 14163 12472
Yellow poplar Thl 276l 16036 13735 11733 10s00 10369
Punderosa pine o4 (2041 1000109 10006 10,000 10000 10.000
Douglas fir |.3% W79 3T 7RG 34,726 31645 2R.B4T 26,382
Frake 323 775 29723 24212 20224 17354 15239

=+ Black locust wood === Yellow popular
-a- Morthern red oak  —e= Ponderosa pine
== American beech == Douglas fir
=== Sugar maple Frake

) Sp—
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Fig. 3: Moisture ratio change in some woods by time

Rosen (1978) found that the effect of air velocity on
drying time decreases rapidly above 3 m sec™ .
The result of this experiment supports the previous

studies shown in the references.
CONCLUSION

The estimation of air-drying times of eight different
types of woods with Ansys finite element analysis
software i1s compatible with the experimentally founded
values. So, Ansys finite element analysis software heat
conduction module can be used for the estimation of
drying tmes of wood in drying schedule planning. This
analysis can be repeated successfully for other types of
woods if the coefficient of moisture diffusion is known.
This software is expected to increase the quality of drving
planning of woods.
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