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ABSTRACT

Understanding the heat transfer in wood is essential when applying heat technological processes to it.
In this study, the transient heat transfer characteristics during the heat treatment of Turkey oak (Quercus
cerris) at 30 °C, 50 °C, and 70 °C were numerically investigated. The heat transfer model was compared
to experimental results. The model aligns well with the experimental values in time, especially at the
beginning and the middle phases, where the heat transfer is more dynamic than in later phase of the heat
treatment process. The differences between the model and the actual temperatures varies up to 3.38 °C,
indicating a maximum relative deviation of only 5.35%. This simulation of heat transfer within the
hardwood samples offers valuable insights into the heat treatment processes.

INTRODUCTION

Before manufacturing wood products, special attention shall be paid to the proper preparation of the raw
material. Ideally, this starts at the storage stage, where the raw material is stored at the right temperature
and humidity to achieve or maintain the desired moisture content. Neglecting these parameters can cause
significant problems before, during and after the technological process. The effect of changes in external
temperature on the internal temperature of the wood is particularly important in certain technological
processes. In the case of gluing, for example, a large temperature difference between the internal
temperature of the wood and its surface causes problems because the colder layer inside can cool the
adhesive below the minimum film-forming temperature. In such cases, it is important to know how long
it takes for a material stored at a lower temperature than the production temperature to heat through its
entire cross-section. Also important from an energy efficiency point of view is the reheating time of the
wood in case of drying or heat treatment. In addition to considering the needs of manufacturing
technology, knowledge of this property of wood is an important factor in the behaviour of structures and
products in or in contact with the exterior environment under thermal fluctuations.

Due to the inhomogeneous, anisotropic properties, several factors influence the thermal conductivity of
wood. The most important of these are the wood species, density, moisture content, anatomical
orientation (longitudinal, radial, tangential), cross-sectional dimensions and the temperature. For
European wood species, the coefficient of thermal conductivity perpendicular to the grain is about half
that parallel to the grain. At low moisture content — between 0% and fibre saturation — wood is a good
insulator. The more porous wood has a lower thermal conductivity (Rohsenow 1973), because the free
water conducts more heat (Siau 1984). According to Parrot and Stuckes (1975), the heat conduction
along the length of the microfibril is greater, so the thermal conductivity will be higher in the
longitudinal direction than in the transverse direction. The difference between the radial and tangential
anatomical directions might be affected by the rays. Since these cells are radially oriented, the
conductivity will be higher in this direction. The thermal conductivity is determined by the amount of
latewood for conifers (Steinhagen 1977).

Thermal properties of wood are available for the wood species in the literature. Among others Sitkeli
(1994) and Molnéar (2004) published relevant findings, but dedicated information for Turkey oak
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(Quercus cerris) is scarce. Therefore, the goal of this study was to create and validate a numerical model
for the heat transfer process in Turkey oak when elevated temperature was applied.

MATERIALS AND METHODS

Materials and the experimental setup

The Turkey oak (Quercus cerris) cubic specimens had 45 mm edge length. Measurements were
performed with an Ahlborn Almemo 2590 universal measuring device using NiCr-Ni thermowire with
the sensor inserted in the centre of the samples through a 2 mm diameter hole (Figure 1). After
conditioning the samples in normal climate (t=20°C; RH=65%), the 3 samples were put into the climate
chamber with temperatures of 30°C, 50°C and 70°C. The temperature was recorded in 5 minutes
incremental until 60 minutes.

N :
Figure 1: Measurement equipment and the positioning of the thermosensors

Numerical simulations

For the numerical simulations the followings are assumed: 1) considering the low initial moisture
content of the samples and the heat treatment temperature, it can be inferred that they might be
excessively dried during the treatment process, 2) The chemical reactions linked to the loss of water in
the samples are not being considered, 3) the dimensional changes in the wood could be neglected, 4) no
degradation of the solid material or heat generation within the wood occurred throughout the heat
treatment process, 5) the sensor is represented as a node in the centre of the cube. To conduct transient
thermal analysis, computational simulations were performed using Ansys Mechanical APDL (licensed
product is Ansys® Academic Research Mechanical, Release 15). In all computations SOLID278
element was used. The element is applicable to a 3D transient thermal analysis. The FE model consist
of 8000 elements. Orthotropic thermal conductivity was applied in the material model. The values were
calculated according to Sitkei (1994). The specific heat capacity was calculated according to Molnar
(2004). The thermal conductivity values and the specific heat capacity calculations were based on the
density, moisture content and the temperature of the wood. Although the convective heat transfer
coefficient may vary according the wind speed, the value was taken from Zhang et al. (2017).

Table 1: Material and heat treatment parameters applied in the simulation

Parameters Value
Density p/(kg'm~)? 824.8
Moisture content (%) 2 12
Longitudinal thermal conductivity 0.60
MW-m-K)P
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Radial thermal conductivity A/(W-m™-K™1)° 0.43
Tangential thermal conductivity M(W-m™-K™)*  0.37
Convective heat transfer coefficient 15.8
h/(W-m2.K1)¢

Specific heat capacity C/(J-kg™"-K™)d from
(20°C) to
(70°C)
Initial temperature to/(°C) at 30°C treatment® 21.53
Initial temperature to/(°C) at 50°C treatment® 21.80
Initial temperature to/(°C) at 70°C treatment® 31.60

Target temperature to/(°C) at 30°C treatment 29.51
Target temperature to/(°C) at 50°C treatment 50.57
Target temperature to/(°C) at 70°C treatment 71.50

1532
1750

ameasured on the samples; Pcalculated according to Sitkei (1994); ‘adapted from Zhang et al. (2017); Ycalculated
in 2°C steps according to Molnar (2004); ¢ average of the temperatures measured in the samples; faverage of

temperature measured in the climate chamber

RESULTS AND DISCUSSION

The contour plot for the simulation at the time step of 600 s in case of 70°C heat treatment is presented
on the Figure 2. The result of the different thermal conductivity values according to the anatomical

directions are visible in the temperature distribution.

NCDAL SOLUTICH

STEP=1
SUB =10
TIME=600
TEMP (ave)
RSYS=0

SMN =51.7569
SMX =6€1.9891

54.030 56.3045 58.5784
52.8938 55.1676 57.4414 59.7153

€0.8522

€1.98%81

Figure 2: Temperature nephogram at 600 s at 70°C heat.

The heat was applied to all of faces of the cube. The sensor was in the center of the cube, the temperature
of the node at the center point was analysed. In case of 30°C heat treatment (Figure 3), the Sample 1
curve shows some measurement discrepancy compared to the other two samples, because the measured

values up to 25" min are a bit higher.

252




11" HARDWOOD CONFERENCE PROCEEDINGS

32
30 \/\
e - =
= 28 D =
z
3
T 26
Q
o
£ 24 7
et r 4
22 >
20
1 5 10 15 20 25 30 35 40 45 50 55 60
Time [min]
Chamber e Sample 1 Sample 2 Sample 3 = & Simulation

Figure 3: Comparison of experimental and simulated temperatures at 30 °C heat

In case of 50°C heat treatment (Figure 4), the misalignment is negligible. In case of 70°C treatment
(Figure 5), the beginning and the middle phase of the curve is following the experimental values.
However, the simulation achieved the intended final temperature, but the experimental values did not.
This difference may be attributed to variations in the heat conductive coefficient and the convective heat
transfer coefficient, which fluctuated with temperature. Additionally, there may thermal resistance
present between the samples and their surroundings. The differences between the measurement results
and the model were up to 0.6°C, 1.3°C and 3.6°C in case of 30°C, 50°C and 70°C temperatures
respectively.
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Figure 4: Comparison of experimental and simulated temperatures at 50 °C heat
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Figure 5: Comparison of experimental and simulated temperatures at 70 °C heat

CONCLUSIONS

Throughout the diverse technological processes in the wood industry, it is necessary to treat and store
raw materials at given temperatures. Therefore, the heat transfer process should be carefully
investigated. In order to gather more physical properties from hardwoods, the thermal conductivity of
Turkey oak was modelled using the finite element method. Comparing the modelled and measured
temperatures, a maximum difference of 3.38°C was observed, indicating a maximum relative deviation
of only 5.35% at higher heating temperatures. At a lower heating temperature, the model is even more
precise. In this case, at the vast majority of measurement points, the relative deviation was less than 3%.
This accuracy can be used for planning the necessary technological time of different heat technological
processes. The determination of the more accurate technological times saves time, energy and cost.
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