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Studies on Predicting the Kiln Drying Time and Moisture Content of
Board and Dimension Lumber of Pinus densiflora using an Internal
Moisture Diffusion Model of Softwood*!

Sang Bong Lee*? Hee Suk Jung*?
SUMMARY

This experiment was carried out to know the mothod of changing the step of moisture
content schedule with time in conventional kiln drying.

For the purpose of this object. we made drving model by applying the moisture diffusion
model by J.F.Siau(1984) to average moisture content equation by J.Crank(1956) derived it
from Fick's second law. And to verify this method of drying model. 2.5cm-thick boards and
5.0cm-thick dimension lumbers of Pinus densiflora were kiln-dried with the schedule of T11-
C3 and T10-C4. respectively.

And then the drying rates were investigated and compared with those calculated from drying
model.

The results obtained were as follows
1. Average drying rate and total drying time of board to dry to 6.5% moisture content were

0.64% / hr. and 109hr., and those of dimension lumber to dry to 8.3% moisture content were
0.4% / hr. and 162hr., respectively.

The moisture content of shell and core decreased by equalizing treatment and increased by

1o

conditioning treatment both on board and dimension lumber. But the moisture gradient was
lower after conditioning than after equalizing.

3. As the drying was proceeded, the transverse bound water diffusion coefficient all but linear-
ly decreased, the water vapor diffusion coefficient abruptly curvilinearly increased, while
the transverse diffusion coefficient curvilinearly decreased both on board and dimension
lumber. But each of diffusion coefficients on board was larger than that on dimension
lumber.
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4. Compared to experimential drying rate of board. theoretical drying rate was larger at 30.0%-

21.8% moisture content range and was similiar at 21.8%-5.4% motisture content. And in case

of dimension lumber, the drying rate was similiar at 30.0%-16.1% moisture content range

but theoretical drying rate was much lower at 16.1%-8.3% moisture content range.

5. The possibility of adapting this drying model to changing the moisture content schedule

step with time was in the range of 21.8%-5.4% moisture content on board. And in the case

of dimension lumber. that was in the range of 30.0%-16.1% moisture content.
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Table 1. Number, heartwood percentage, average ring width, initial moisture content, and specific

gravity of drying specimens of Pinus densiflora.

Thickness Number Heartwood Average ring Initial Specific gravity
(em) percentage  width (cm) M.C. (%) Based on Based on
green vol. 0.D. vol.
2.5 48 18.13 4,27 75. 78 0.41 0,15
+22.18 1. 44 T19.79 0. 05 +0. 06
3.0 40 22.50 4.23 72.63 0.42 0. 45
+17.80 *=1.48 +12.38 +0. 22 0. 45
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Table 2. Conventional kiln drying schedule, T,, - C,. A4
used for 2.5cm~-thick board of Pinus
densiflora. , l-a )
M. C. D.B.T. W.B.T. R.H. E.M.C. 2
(%) ) () (%) (%)
above 40 635 61 83 4.2 \
40— 35 85 59.5 76 11.9 FLUX —~ ’ B
-
35-30 65 56.5 66 9.4 i
3025 0 59 59 8.0 l /
25-20 W56 50 6.8 a !
20-15 7558 44 5.8 — ) /
below 15 80 32 25 3.5
- Figure 2. Geometrical model for single wood cell.
Equalizing 80 56 31 4.0
1 J{s] 3
Conditioning 80 71 67 9.0 25H FHEiged FEkrLe a9 29

Table 3.
used for 5.0cm-thick dimension lumber

of Pinus densiflora.

Conventional kiln drving schedule, T,p-C,.

M. C. D.B.T. W.B.T. R.H. EM.C,
(%) (c) () (%) (%)
above 40 60 57 86 15.3
10-35 60 56 82 13.8
35-30 60 54 73 11.4
30-25 65 6.5 66 9.1
2520 70 59 39 8.0
2015 75 651 52 6.6
below 15 80 52 25 3.5
Equalizing B0 64 48 5.9
Conditioning 80 74 78 1L
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Figure 3. Schematic moisture diffusion paths in
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Table 4. The drying rate of board and dimension lumber of Pinus densiflora during drying

Range of moisture content

Thibkness  Average

{em) M. C. (%) 75.8-31.9 31.9~14.3 14.3-6.5 Average
Wettest 0.06 112 0.23 0.77
specimens

2.5 Dryiest 0.78 0.53 0.28
specimens 0.15
Average 0.91 0. 84 0.19 0. 40

Range of moisture content

Thickness  Average
(em) M. C. %%) 72.6—-31.6 31.6-14.0 14.0-8.3 Average

Wettest 0.73 0.53 0.16 0.52
specimens

- Driest _

5.0 . 0.40 0.27 0.09 0.38 28
specimens

; 2 0.

Average 0.55 0. 40 0.1 ). 40
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Table 5. Moisture distribution of board and dimen-
sion lumber of Pinus densiflora
wThickness Moisture distribution
{em) Shell (%) Core (%)
Before 6.0 8.1
Equalizing +0. 89 +1.57
- After 5.2 5.8
= Equalizing +(). 41 +0, 66
After 7.0 7.4
Cond itioning +:0.31 +£0. 83
Before 8.7 4.7
Equalizing +1.66 + 4.30
5 0 After 6.9 8.9
> Equalizing +0.59 + 1.5
After 9.1 16,5
Conditioning +0. 58 +1.62
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board of Pinus densiflora during drying
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Figure 9. Diffusion coefficients of 5. Ocm~ thick di-

mension lumber of Pinus densiflora dur-

ing drying.
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Table 6. Experimental and theoretical elapsed drying time of 2. 5cm~thick board and 5. Ocm-thick dim-

ension lumber of Pinus densiflora.

Thickeness Moisture Experimental Theoretical
(cm) content elapsed drying elapsed drying
range time time
%) (hr) {hr)
30.0-21. 8 5.0 3.5
21.8-16.3 6.0 5.5
16.3-10. 8 85 14.5
2.5
10.8- 7.9 6.0 3.5
7.9- 6.5 6.0 6.5
6.5- 5.4 14.0 15.0
30.3-25.4 10.0 7.5
25.4-20.4 10.0 11.0
5.0 20.4-16.1 12.0 15.0
16. 1-10.5 18.0 40.5
10.5- 8.4 20,0 55.5
Aol A 1147, &HKE 16.3%ANA 7.9%7A 2.8
16412, 23ln KX 7.9%0 A 5.4% 7 2.6

A Wk A 26417 A HUch EI T
el S HERE ZEREES SKEK 30,3404
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R 10.5%A4 8.4% 72 WA 20412 &
EROL 3=
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EEE S Bl 23 453 ZREEE
2g Ae 72tz 2" 103 219 113 29 %
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Bl HEEE 1.25%/hr. ¥ o0 §KR 16.
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T 0.36%/hr.ol 2 EHHE ZIREES 0.52%
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