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Vacuum Drying Characteristics Using Different Heating
Methods for Douglas-fir Timber*’
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ABSTRACT

Timbers of 14 by 14 c¢m, 24 m long, were dried in a vacuum kiln to investigate vacuum drying
characteristics using three types of heating methods, conduction heating with hot plate, the radio
frequency (RF) heating and the combination of both (hybrid heating).

Average drying rate is the highest for the hybrid heating and the lowest for the RF heating. Average
specific energy is the highest for the RF heating and the lowest for conduction heating. Transverse
moisture content distribution of dried timber revealed the convex profile for both conduction and the

* A4S 20039 129 189, AH 20049 39 29

* 2 eigte HgAEREE College of Agriculture & Life Sciences, Seoul National University, Seoul 151-742,
Korea

1t F*2Hcorresponding author) : 384 (e-mail: heesjung@snu.ac.kr)



Ul didwide) sHdgd) we B3dx 54

hybrid heating and moisture content increased from one face to the opposite face for the RF heating.
Moisture content distribution along the length of timber increased from the end to the middle of timber
length for conduction and the hybrid heating and decreased from the end to the middle of timber length
for the RF heating. End- and surface checks for conduction heating were severer than the other heating
methods. No internal check occurred in any heating methods. Drying characteristics of conduction
heating showed in-between trend of the RF and the hybrid heating,

Keywords: conduction heating, drying rate, hybrid heating, internal check, moisture content distribution,

RF heating, specific energy, surface check
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Table 1. Average specific gravity, initial and final MC of the Douglas-fir timber

Heating method

Specific gravity™

Initial MC (%) Final MC (%)

Conduction heating 047 365 120
RF heating 046 329 143
Hybrid heating 048 395 109
% Based on oven-dry weight and green volume.
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Fig. 1. Schematic of vacuum-press kiln under
vacuum pressing.
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Ti~T: are MC distribution sections across the
thickness at the end (A), the intermediate (B) and
the middle (C) of timber length.

Wi~W>; are MC distribution sections across the
width of the timber (D).

E is moisture section for average MC.

Fig. 2. Specimen sectioning pattern for mea-
suring MC and MC distribution.
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Fig. 3. Vacuum drying curves for Douglas-fir
timber by heating methods.
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Table 2. Water removal and electrical energy consumption during vacuum drying of Douglas-fir

timber
) Energy consumption(kWh) / Water removal(kg) Specific
Heating method & gy - 4 . P enerﬁg
y y 3 day day 5" day day  Total (kWh/kg)
. . 088 0795 0729 0682 0725 0696 4485
Conduction heating 16 1990 0792 ,0556 /0504 /0390 /5084 OS82
. 0794 0735 0667 0681 0792 3660
RF heating /0626 JO678 /0674 /0496 /0842 /3316 1106
. . 0129 0949 0944 0949 0995 0911 6004
Hybrid heating /2072 /1380 /1242 /0940 /0700 /0474 /6808 0887
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Fig. 4. Relationship between specific energy

and ‘moisture content for Douglas-fir
timber by heating methods.
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Fig. 5. MC distribution across the thickness

at three longitudinal positions of Doug-
las-fir timber dried by three drying
methods.
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Fig. 6. MC distribution across the width at
the intermediate position of Douglas-fir
timber dried by three drying methods.
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las-fir timber dried by three drying
methods.
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Table 3. Percentage of faces that were surface-checked for Douglas-fir timber

Heating method One face Two faces Three faces All faces Total
Conduction heating 40 10 20 20 90
RF heating 10 10 10 0 30
Hybrid heating 30 10 10 40

Table 4. Average size of the checks occurred among both ends or four faces of dried timber

. Surface checks End checks
Hearting method Width (mm) Length (cm) Width (mm) Length (cm)
Conduction heating 18+24* 30+5 08+09 29+37
RF heating 08+19 29+49 -
Hybrid heating 09+15 21449

% Averagezstandard deviation
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