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Takeo Ocura: Studies on the mechanisms of drying of wood.
6. On solution of the diffusion equation of moisture in wood.
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Table 2. Calculation of K., K.

—183 —

. Time . [
Period of Time for a
decreasing frfiot?;l calculation| %" s _ uU"L u Unx2L let 3 ltz 5 %]
rate tl My |t L% 9, | TUm—HUs| P.mw (/2 (112)
No. 2
\ 60 20 60.0 28.5 31.5 0.687 0.078 3.20 0.0243
Ist ! 80 40 52.0 21.3 30.7 0.579 0.140 6.40 5.0219 .
| 100 60 46.0 17.0 29.0 0.506 0.192 9.61 | 0.0200
120 80 41.3 14.2 27.1 (.450 0.238 12.81 0.0186
K;=0.0212
| |
1 140 100 37.5 13.0 : 24.5 0.398 0.288 16.01 0.0179
2 nd 160 120 34.2 ” ! 21.2 0.345 0.346 19.22 0.0180
; 180 140 31.1 4 | 18.2 0.296 0.408 22.40 0.0182
K3=0.0180
No. 3
l 40 10 50.0 29.0 21.0 0.581 0.139 1.60 0.0870
I st ‘ 50 20 43.0 22.0 21.0 0.491 0.203 3.21 0.0633
: 60 30 38.0 17.5 20.5 0.431 0.210 4.81 | 0.0530
i 70 40 31.5 14.8 16.7 0.332 0.362 6.40 [ 0.0565
K3=0.0649
1 80 50 28.5 13.0 15.5 0.297 0.407 8.00 0.0508
‘ 80 60 26.4" ” 13.4 0.257 0.466 9.60 | 0.0486
100 70 24.0 4 11.0 0.211 0.545 1.12 0.0487
2nd 120 90 21.0 ” 8.0 0.1535 0.676 1.44 | 0.0470
140 110 18.8 4 5.8 0.1113 Q.804 1.76 0.0457
160 130 17.0 ” 4.0 0.0759 0.945 2.08 | 0.0454
180 150 15.2 ” 2.2 0.0422 1.205 2.40 | 0.0502

K3:0.0480
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Table 3. Comparison the values of calculation with
that of measurment

| No. 2 | No. 3
, !
K l ty .Calculation Measurment | Difference i ty | Calculation Measurment! Difference
| % % ‘ % .‘ (h) % % ! %
| ol a0 91.0 | o I o { 100 | 100 0
10 i 89.0 88.5 +0.5 “ ol 92 B 0
201  83.7 83.0 +0.7 ; 2 ‘ 77.5 | 76 +1.5
K 30 76.7 77.0 —0.3 30 60.6 | 60 | +0.6
40 ] 69.8 71.0 —1.2 ‘ ‘
(K1=0.0493) (K1=0.177)
| ! | .
60 60.1 60.0 +0.1 40 51.6 50.0 +1.6
80 52.4 52.0 +0.4 50 42.6 43.0 —0.4
K, | 100| 457 46.0 | —0.3 60| - 35.3 38.0 —2.7
120 39.8 41.3 —1.5 70 29.4 31.5 —2.1
(K2:0.021]) (K2=O.0649)
140 ! 37.4 37.5 —0.1 80 29.3 28.5 i +0.8
160 i 34.2 34.2 0 100 24.2 24.0 +0.2
Ks | 180! 31.4 | 31.2 +0.2 120 20.7 21.0 0.3
140 18.2 18.8 —0.6
160 16.6 17.0 —0.4
‘3 180 15.5 15.2 +0.3
(K3=0.0180) (K3=0.0480)
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Résumé

These studies on the mechanisms of wood drying have been conducted for .
the purpose of obtaining the limit of time to dry wood for various species,
thicknesses and surrounding conditions. As the relations of moisture conductivity
K with the conditions described above have been obtained below fibre-saturation
point, it could be expected that we could calculate the time for drying of wood
from them. But above the fibre-saturation point it is not possible to calculate
these times, as the application of the diffusion equation at this stage has not yet
been investigated. Therefore, several experiments were conducted to test at 50°C,
relative humidity of 50% and 749, to determine whether the moisture throughout
the wood moves on the principle of the diffusion or not. It was found that the
moisture moved as the diffusion even above the fibre-saturation point in general
conditions, which is much the same condition as in kiln drying of wood, and its
moisture distribution could be shown by an equation.

Accordingly, aesuming that the moisture moves as shown by the diffusion

equation —6— in the case of drying in general conditions, the boundary

d =
conditions at each stage of drying were determined according to the reports
already published, and they are as follows,
at constant rate of drying.
us=At+u,
at 1st decreasing rate
us=Be '+ u,
and at 2nd decreasing rate
us=1u,
where #s; is the surface moisture content, #, the initial moisture content, .
the equilibrium moisture content, and A, B, C are constants. And the solutions
of this equation at each case are as follows respectively,
at constant rate:

B A 12 12,82 gy w1
u—uo+At+2—Kl[(x——2 T +4— Iz .cosT(x——z—) ]
at decreasing rate:

AN 2
u:uﬁ-%Ze_Kz(l) t.sinn {[(u,o us) — 2‘% fi]gl_

A 31 e—Kl(T”) 0

Scrutiny of the equations solved.

The change of weights and moisture distributions of test pieces of beech,
which were dried in a condition of temperature 50°C, relative humidity 74%,
and whose sizes were 25x 10 x5 (cm), were measured by means of spring balances
and electric resistance, and the results obtained were shown in Fig. 3, 4.

Assuming that the diffusion equations solved above could be applied in
the case of such moisture distribution as these, the suitability of the equations
solved above was inspected by applying the results obtained to these equations.

Calculation of moisture conductivity K.

The values of K at the stage of constant and decreasing rate of drying
were calculated by use of formula (14), and (26). The results obtained were
shown in Table 1, 2. As verified in these, it can be recognized that the values
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of K become smaller as the stage of drying changed from the constant rate to
the decreasing rate, and the drying velocities gradually decreased.

Comparison of the values calculated with that measured.

The suitabilities of equations were inspected by comparing the moisture
-content calculated by Ki, K: and K, which were obtained above, with that
measured in each stage. Both values approximately coincided as is shown in
Table 3. Accordingly, if values of K were known, and the boundary conditions
were determined, it would be possible to calculate the courses of decreasing
moisture. The curves of moisture distribution at each stage can be obtained,
moreover, by substituting the values of K to the equations (12), and (23),
which give the moisture distribution, as shown in Fig. 7, 8. It can be said that
this calculated moisture distribution approximately coincided with that assumed
by electric resistance.



