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Abstract

Wood drying is a process for removal of water out of wood until wood
moisture content reaches the value which is in equilibrium with the service
environment. Drying is the most energy and time consuming process within
rubberwood lumber industries. The aim of this study was to develop a high efficiency
drying schedule for rubberwood lumber of thicknesses 1 inch and 2 inch by
accelerating the moisture movement out of lumber without degrading the lumber
during drying.

Effective pre-drying of rubberwood lumber could be achieved using an airflow
of about 3m/s across the stack. The drying rate was approximately double in
comparison with pre-drying in motionless air. The present of airflow also prevent
growth of fungi on the rubberwood surface even in the high humidity environment.

It was found that kiln residence time for drying the lumbers of thickness 1 inch
using drying schedule at high temperature of 90°C dry bulb and 65°C wet bulb with
air velocity of 4m/s was 60 hours. The drying time was quicker than one of drying at
lower temperatures of 60°C dry bulb and 45°C wet bulb by 50%. Energy consumption
during the high temperature drying was however increased by 20%. There were no
differences in bow, crook and twist of lumbers after drying between the two
treatments. Top load of about 300 kg/m” slightly decreased twist and steaming at the
beginning of drying process reduced end checking. Colors of lumbers both at the
surface and the core between the two treatments were similar. Drying at higher
temperature produced more casehardening within lumbers. It was found however that
conditioning at higher temperature was more effective in releasing this residual stress
caused by drying. For the lumber of thickness 2 inch, drying at temperature of 90°C
dry bulb and 50°C wet bulb reduced kiln residence time and energy consumption by
47% and 20%, respectively, in comparison with drying at lower temperature of 70°C
dry bulb and 50°C wet bulb with air velocity of 4m/s. There was no difference in the
quality of lumbers (warp, color, checking) after drying using the two treatments of
temperature.

Effective conditioning of lumber after drying to relieve drying stress generated
during drying period was developed. Effect of cooling the lumber before raising the
humidity inside the kiln on stress relaxation was examined. Strain and moisture
distributions within lumber during conditioning period using various conditioning
schedules were measured. Effective conditioning of rubberwood lumber to relieve
stress generated during drying was achieved by cooling the lumber before abruptly
raising the temperature and humidity inside the kiln to the EMC required.
Rubberwood lumber after conditioning appeared to be stress free with a uniform
moisture distribution throughout the section.

Simulation and improvement of an airflow efficiency of rubberwood drying
kilns were carried out by means of the Computational Fluid Dynamics (CFD)
technique (Flovent version 6.1). The model was verified both in the laboratory scale
and in the industrial scale with the measured air velocity values obtained within the
drying kilns. The model was then employed to obtain the kiln configuration which
posses the highest efficiency of airflow in terms of the average quantity and the
distribution of air velocity on the inlet plan before entering the lumber stack.
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It was demonstrated that the CFD model was capable of describing the pattern
and the amount of airflow within the drying kilns both in the laboratory and in the
industrial scales. The optimum size of air inlet plenum and the optimum height of fan
chamber, giving the highest average value of air velocity on the inlet plan of 3.0+0.9
m/s, were at 0.7-0.8m and 1.4m (minimum height allowed for the fan to be installed),
respectively.

Air flow efficiency improvement of the kiln in the industry was carried out by
proper stacking the lumbers, proper filling the lumber stacks inside the kiln and
proper installation of the baffle system. The drying control system was also reinstalled
according to standard with the drying temperature (dry bulb) was raised to 80-90°C.
As a result of the above development, four more stacks of lumber were able to add
into the drying kiln. The average air velocity increased from 1.5+0.6 m/s to 1.9+0.4
m/s. The airflow loss within the stacks was reduced from 64% to 36%. Kiln residence
time was reduced from 9 days to 7 days for the lumber of thickness 1.5 inch. The
coefficient of variation of final moisture content of lumber after drying was also
reduced from 27% to 12%. Drying schedule at higher temperature of 90°C is
therefore an interesting alternative to implement with the existing drying kilns used
within rubberwood lumber industries without a need to modify the kiln and the drying
system.





