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ABSTRACT

drying process.

When wood is dried below the fiber saturation point, moisture primarily undergoes non-steady- state diffusion. To
establish a foundation for wood drying, this study employs the non-steady- state method. The moisture diffusion
co-efficient of birch wood was determined under specific experimental conditions, based on a drying reference.
Computational Fluid Dynamics (CFD) simulation was employed to validate the findings. The results show that
under the combined influence of moisture content and temperature, the moisture diffusion coefficients of birch
wood are 2.36 x 10° cm?/s, 2.09 x 10° cm?/s, 1.88 x 10° cm?/s and 1.63 x 10° cm?/s. The integration of moisture
diffusion co-efficient calibration and wood drying simulation enables more precise prediction of moisture
migration behavior in birch wood. The simulation results demonstrate that calibrating the moisture diffusion
coefficients enhances the accuracy of wood drying simulation and offers valuable theoretical guidance for wood
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INTRODUCTION

Wood drying is a crucial step in the production and manufacturing
process of wooden products. Through drying, wood can effectively
prevent damage such as decay, insect infestation, deformation and
cracking. The drying process of wood is a complex nonlinear heat
and mass transfer process. In practical drying operations, it is often
controlled by personnel based on experience, making it difficult to
quantify and control the parameters accurately. This leads to resource
wastage and increased energy consumption [1]. Using Computational
Fluid Dynamics (CFD) to simulate the wood drying process allows for
obtaining characteristic parameters of wood drying and predicting real
drying conditions. This provides a basis for optimizing the design of
production applications and drying equipment.

The moisture diffusion coefficient is an extremely important parameter
in diffusion models, and it is crucial for the analysis and research of
these models [2,3]. When wood is below the fiber saturation point,
moisture primarily undergoes non-steady-state diffusion. By employing
Fick's second law as the model, the diffusion coefficient of moisture
in birch wood was measured using the non-steady-state method at
different temperature conditions. This aims to provide theoretical
parameters for the numerical simulation of wood drying processes and
support the effective simulation of actual drying processes with data.

The reduction of moisture content during the wood drying process has

a significant impact on the quality and performance of the wood. The
calibration of moisture diffusion coefficient is essential as it determines
the rate of moisture migration within the wood, thereby optimizing
process control and efficiency in wood drying. By calibrating the
moisture diffusion coefficient, one can obtain the diffusion rate of
moisture in wood under different conditions such as temperature,
humidity and pressure. This information can help establish optimal
parameters and strategies for the drying process, improving efficiency,
stability and usability of the wood drying process.

In previous wood drying simulations, the pathways and coefficients of
moisture diffusion were often based on empirical and default values.
However, in this study, the drying reference of birch wood was used as
a basis. By measuring the moisture content changes in the specimens
and applying the diffusion coefficient formula, the moisture diffusion
coefficient of birch wood was determined. Finally, the calibrated
diffusion coefficient was integrated with the drying simulation
to enhance the accuracy of wood drying simulation results. This
approach provides a reliable method for calibrating moisture diffusion
coefficients and improves the accuracy of wood drying simulation.

MATERIALS AND METHODS

Materials

The wood used in this study was sourced from Harbin, China. The
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selected birch wood samples were free from significant defects and
showed no signs of insect infestation. The samples were processed to
dimensions of 200 mm in length, 100 mm in width, and 30 mm in
thickness, with a smooth surface finish.

Birch wood drying reference

This study adopts the material property method to specify the drying
reference for birch wood. This method is characterized by its wide
sample coverage, high scientific rigor, and shorter time required
establishing the drying reference [4], as shown in (Table 1).

Table 1: Experimental wood drying standard.

Moisture Dry bulb Wet bulb temperature

content/% temperature/°C temperature/°C  difference/°C
30-25 70 55 15
2520 75 55 20
20-15 80 55 25
15-Oct 85 55 30

Due to experimental equipment errors, high moisture content gradients
were selected as the measurement reference to ensure the rationality of
the experimental results and the accuracy of the simulation results.

Experimental method

Nonsteady-state method for measuring moisture diffusion
coefficient: The experimental equipment used was a DHG-9023A
bench top drying oven, the dimensions of the drying chamber are 420
x 350 x 350 (mm). The MP6000 electronic balance with an accuracy
of 0.01 g was used.

Considering that the dimensions of the specimens in the length and
width directions are much larger than in the thickness direction,
moisture primarily moves radially along the wood during the drying
process. In this study, only the moisture movement in the thickness
direction of the specimens was investigated. The other four directions
of the specimens were sealed with epoxy resin and wrapped in
aluminum foil to ensure that moisture loss only occurs in the thickness
direction.

The process involves weighing the pre-determined moisture content
wood samples and placing them in a thermostatic drying oven for
drying. The weight of the specimens is measured every 0.5 hours using
an electronic balance, and the moisture content is calculated using the
moisture content formula. When the equilibrium moisture content
is reached, the specimens are transferred to a drying oven until they
reach bone dry condition. The corresponding dimension- less transfer
potential is calculated based on the mass conversion, and then the
diffusion co-efficient is determined through conversion.

Theory: Every 0.5 hours, the moisture content of the wood specimens
was measured according to the GB/T1931-2009 Method for

determination of moisture content of wood.

m, —m,

The moisture content formula: ¥ = x100% .1

0

In Equation (1): W is the wood moisture content (%), m1 is the mass
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of the specimen during the test (g) and m_ is the mass of the specimen
in the bone-dry condition (g).
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Dimensionless transfer equation:

In Equation (2): Wt is the moisture content of wood at a certain
moment (%), We is the equilibrium moisture content of wood (%)
and W is the Initial moisture content of wood (%).

Under isothermal conditions, the non-steady-state diffusion of moisture
in wood is governed by Fick's second law, and the mathematical
equation for one-dimensional moisture movement is represented by
the following partial differential equation:

o2y ]

ot Ox Ox
In Equation (3) : t is the dimensionless time (s), x is the distance to
the center layer of the wood board along the direction of moisture
diffusion (cm) and D is the moisture diffusion co- efficient (cm?/s).
During the drying process, the diffusion coefficient varies with changes

in drying conditions and is considered an unstable value. Therefore,
the diffusion coefficient calculated at E=0.5 represents the average
value for the entire drying process.

This study makes the following assumptions for the Fick's diffusion
equation: (1) The assumption is that the moisture content is uniformly
distributed within the wood material. (2) The assumption is that the
drying environment remains constant throughout the process. (3) The
assumption is that the dimensions of the wood do not change during
the drying process. (4) The assumption is that the instantaneous
moisture on the wood surface reaches equilibrium with the drying
environment during the moisture diffusion process. When the E=0.5,
substituting the values of W=We and x= #L into the Fick's diffusion
equation, we can obtain:
p-"E(-5) .4

4t
Establishment of heat and mass transfer models: Assuming that mass
transfer in wood only occurs during the diffusion process, the coupled
heat and mass transfer equations are solved to establish a three-
dimensional porous media model. The heat transfer equation and
mass transfer equation during the simulation heat treatment process
of wood are represented by equations (5) and (6) respectively:

In Equation (5) and (6): pm iAs the wood density (kg/m3), Cq is the
specific heat capacity, A is the Nabla operator, T is the temperature (K),
K, is the thermal conductivity (W/(m-K)), M is the moisture content
(%) and D is the diffusion coefficient (cm?/s).

Geometric modeling and mesh generation

In this study, the experimental dimensions of birch wood are used for
modeling and simulation. The wood has a length of 200 mm, width
of 35 mm, and height of 30 mm, as shown in (Figure 1). The moisture
content detection during the simulation is based on the volumetric
average moisture content of the wood.

The geometry is meshed using fluent meshing software. To ensure the
accuracy of the simulation results, an unstructured mesh is employed

in this model, with a higher mesh density on the wood surface.
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Figure 1: Space claim modeling of the shape.

RESULTS

Experimental results

Based on the drying benchmark, birch wood samples with different
initial moisture content were selected and placed under different
temperature conditions. The moisture content of the wood was
regularly measured and the corresponding dimensionless transfer
potential was calculated, as shown in (Figure 2).
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Figure 2: The dimensionless transfer potential E varies with time. Note:
(-~=—) RH: 30%, T: 700C; (® ) RH: 25%, T: 750C; ( & ) RH: 20%, T:
800C; (¥ ) RH: 15%, T: 850C.

Based on the experimental results, the moisture diffusion coefficients
of birch wood at different stages according to the drying benchmark
can be obtained. The calculated results are shown in (Table 2).

Table 2: Moisture diffusion co-efficient at each stage of wood moisture
content.

Moisture content/% Temperature/°C  Diffusion coefficient/(cm?/s)

30-25 70 2.36 x 10°
2520 75 2.09 x 10°
20-15 80 1.88 x 10°
15-Oct 85 1.63 x 10°
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According to Table 2, the diffusion coefficient varies with changes in
moisture content and temperature. Literature review indicates that the
moisture diffusion coefficient of wood increases with an increase in
initial moisture content. This is because higher moisture content leads
to faster moisture diffusion, resulting in a larger diffusion coefficient.
As the moisture content decreases, the diffusion coefficient decreases
as well. When the temperature increases, it affects the diffusion of
moisture in the cell walls. The elevated temperature provides energy
to the water molecules, making it easier for them to overcome binding
forces. In actual drying processes, combining the moisture content and
temperature with the experimentally obtained diffusion coefficient
reveals a relatively small range of variation in the diffusion coefficient.
This provides a basis for subsequent simulations.

In wood drying simulations, the moisture content of the wood is
simulated based on the wood's moisture diffusion coefficient. The
variation of the moisture content of the wood over time is depicted
in (Figure 3).
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Figure 3: Moisture content variation.

DISCUSSION

During a drying cycle, an if statement is used to modify the drying
temperature and diffusion coefficient based on the moisture content
in order to achieve accurate simulation. As the moisture content of
the wood decreases from 30% to 10%, the duration of the four drying
stages gradually increases. This is because as the moisture content
decreases, the moisture diffusion coefficient in the wood decreases,
leading to an increased drying time. This observation is in accordance
with the experimental results. Apart from moisture content, drying
temperature is also one of the factors that influence the drying rate
[5]. Under the condition of a constant initial moisture content,
the moisture diffusion coefficient in wood significantly increases
with rising temperature. However, in practical drying processes, the
moisture content and temperature mutually influence each other,
thereby altering the moisture diffusion coefficient in wood. By cal
ibrating the moisture diffusion coefficient and conducting drying
simulations, it becomes possible to accurately simulate issues related to
excessive drying and insufficient drying in wood drying, which holds
significant importance for subsequent wood processing. Additionally,
by combining the simulation with the drying benchmark, the optimal
temperature, humidity, and airflow conditions can be determined
to achieve efficient and uniform wood drying, thus providing a solid
theoretical foundation for energy-efficient and environmentally
friendly wood drying practices [6-8].
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CONCLUSION

Based on the drying benchmark of birch wood, this study
experimentally determined the moisture diffusion coefficients of
birch wood under the combined influence of different moisture
content and temperature conditions. The obtained moisture diffusion
coefficients are as follows: 2.36 x 10° cm?/s, 2.09 x 10° cm?/s, 1.88
10° ecm?/s and 1.63 x 10° cm?/s. The integration of moisture diffusion
coefficient calibration experiments and simulations allows for the
comprehensive utilization of experimental data and mathematical
models. This approach provides a reliable and credible method to
calibrate the dimensionless transfer potential of birch wood at different
initial moisture contents under various temperature conditions. By
employing this method, researchers can gain a better understanding of
and predict the behavior of moisture migration in wood, thus offering
valuable guidance and references for engineering design and practical
applications in related fields.
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