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Table O -1. Geometric moisture diffusion coefficient in each

direction (Han, 2014).

Direction Moisture Diffusion coefficient (m?/sec)
T dal (a—p)Dy;D, pD,+(1—a)Dy,
angentia a(1—a®) Dyy+ (1—a)(1— ) D, 1-d
. (a—p)DBTD,L, TDU+(1—a—r)DBT
Radial 3 + 3
(1—a )(aDBTnL(l—a)DI,) 1—a
ala—p) Dy, D, apD, Dy,
i 1 + + L
Longitudinal - | =y 7, = ap) | rl-a1-)  Ltl-a

4 = volume fraction of lumen in wood; p = ratio of pits to
wood cells; r = ratio of rays to wood cells; Dgr = transverse
bound-water diffusion coefficient of the cell walls(m?/s); D, =
diffusion coefficient (m%/s) of water vapor in the air with in the
lumens; L = length of Ilumen(m); Dz = longitudinal

bound-water diffusion coefficient of the cell wall(m%/s).
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Figure IO -2. A schematic view of the joints along the convective boundary where thermal convection
occurs in the three-dimensional finite differential analysis. (a) the internal nodes, (b) the surface nodes,
at which thermal convection occurs in one direction, (c) the edge nodes, at which thermal convection

occurs in two directions, and (d) the vertex nodes, at which thermal convection occurs in three
directions.
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Figure I -3. A schematic view of the joints along the convective boundary where surface moisture
emission occurs in the three-dimensional finite differential analysis. (a) the internal nodes, (b) the
surface nodes, at which surface moisture emission occurs in one direction, (c¢) the edge nodes, at which
surface moisture emission occurs in two directions, and (d) the vertex nodes, at which surface moisture

emission occurs in three directions.
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Table IM-1. High temperature drying condition.

time(hour) Dry bulb temperature(C) Wet bulb temperature(TC)

0-48 85 70
48-120 120 70
120-288 112 70
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Input initial temperature & moisture contents profile

¥

Figure M-1. Schematic diagram of prediction for temperature

and moisture content distribution.

Prediction system
Initial prediction system after crack occurence

Ratio of crack
length > 50%

. Crack not considered model y . Crack considered model J

Figure IM-2. Schematic diagram of prediction system when

surface crack occurred.
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Figure I -5. SEM image of larch wood. (a) cross section; (b)
radial section; (c) longitudinal tracheid; (d) effective diameter of

pit opening..

Table II-2. Dimensions of larch wood elements.

Dimension
Structural element
mean valuexSD (range)

Tracheid diameter (um) 344 £ 12 B9 - 794)
Ray tracheid length (um) 253 + 11 (144 - 384)
Effective diameter of pit opening (um) 23+ 01 (02 - 64
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Figure I-6. High temperature dryer and timber stack.
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Figure IV-1. Convective heat transfer coefficient of larch wood
during drying.
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Figure IV-2. Thermal diffusivity of larch wood of 120 mm

square timber during drying.

150 5.E-07
120 4 e, 3 - 4.E-07
=2
5 Dry bulb temp. £
< 90 4 F 3.E-07 =
[ N N o=
- >
= ‘n
s E
@ =
Q o o e
£ 60 . L L 2.E07 ®
@ ( Surface ) ( Interior ) £
L 2
'~ [
A) - N e e e ———
T e [ LEDE
1 1
e
i (Surface) 1 ! (Interior) !
0 i ——— _ T T 0.E+00
0 48 96 144 192 240 288

Time (hours)

Figure IV-3. Thermal diffusivity of larch wood of 210 mm

square timber during drying.
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Figure IV-4. Thermal diffusivity of larch wood of 250 mm
square timber during drying.
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Table IV-1. Predicted temperature profile of cross section

during drying (continued).

Time Predected temperature profile of cross section (TC)
(hours) 120x120 mm? 210x210 mm? 250250 mm?
0 % % |
3
16
24

; ]
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Table IV-1. Predicted temperature profile of cross section

during drying (continued).

Time Predected temperature profile of cross section (TC)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

’ % % -

150 150
100 10
50 58

o [

13 140 150
1ol 101 106
60
£ 3 50
0 L 2

150 140 1%
104 101 101
72
5 5 50
o o o

; ]
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Table IV-1. Predicted temperature profile of cross section

during drying (continued).

Time Predected temperature profile of cross section (TC)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

150 15 15
101 10 101
34
50 5 50
o o o
150 15 150
101 10 10
96
50 50 5
0 i o

108

120
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Table IV-1. Predicted temperature profile of cross section

during drying (continued).

Time Predected temperature profile of cross section (TC)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?
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192
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240
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Table IV-1. Predicted temperature profile of cross section

during drying.

Time Predected temperature profile of cross section (TC)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

288
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Table

IV-2. Predicted

direction during drying.

temperature

profile in

longitudinal

Time Predected temperature profile of cross section (TC)
(hours) 120x120 mm? 210x210 mm? 250250 mm?
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Figure IV-5. Moisture diffusion coefficient of larch wood in

transverse direction of 120 mm square timber during drying.
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Figure IV-7. Moisture diffusion coefficient of larch wood in

transverse direction of 210 mm square timber during drying.
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Figure IV-9. Moisture diffusion coefficient of larch wood in

transverse direction of 250 mm square timber during drying.
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Table IV-3. Predicted moisture contents profile of cross section

during drying (continued).

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

0
8 . /i!/‘l ’3\\%\‘\
N7 S
16 /‘Ig',ﬁg“\\\‘\
4»
24
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Table IV-3. Predicted moisture contents profile of cross section

during drying (continued).

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

2 | e

48
60
72

. 2 A2 8 3



Table IV-3. Predicted moisture contents profile of cross section
during drying (continued).

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

96
108
120

7 SR a e e



Table IV-3. Predicted moisture contents profile of cross section

during drying (continued).

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

ftfff"zs‘}*\\
"’4’}%‘ 3

168

10

xl‘i :;\\.
,ﬁ’;{%ﬁ‘\\\

I’#“i%‘\\

192

10

216

240
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Table IV-3. Predicted moisture contents profile of cross section

during drying.

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

288
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Table IV-4. Predicted moisture contents profile in longitudinal
direction during drying.

Time Predicted moisture contents profile of cross section (%)

(hours) 120x120 mm? 210%210 mm? 250%250 mm?

E 10 B4 Hi
0 §30 HE: £3
B2 g2 £ 21
g0 £1 \ & 2 U A
2 3L e 2o it
transverse oo transverse \oOE

dirzction dirsction

‘Moistre eontent (%)

= P = i
transverse e transverse W0
direction direction

£ 30, £5 s
B £
120 £30 £3 £3
g2 g 2 £
i1 g1 g1
=07 2 L 2

=

B £ g
288 b £ f

g2 E2 E

2 & g1 £

3 a H H

2 ok e 2 - ol A gt
transverse Aot transverse oo transverse \oOE
duestion direction diretion
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Figure IV-11. Predicted and measured temperature of 120 mm
square timber.
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Figure IV-12. Predicted and measured temperature of 210 mm
square timber.
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Figure IV-13. Predicted and measured temperature of 250 mm
square timber.
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Figure IV-14. Fractional moisture content of 120 mm square

timber.
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Figure IV-15. Fractional moisture content of 210 mm square

timber.
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IV-16. Fractional moisture content of 250 mm square
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9.8
7.6

6.5

(b) (c)
Figure IV-17. Transversal moisture contents distributions in
120 mm square timber at 120 hours. (a) Predicted value; (b)

actual value; (c) picture of test specimen.

Figure IV-18. Transversal moisture contents distributions in
210 mm square timber at 120 hours. (a) Predicted value; (b)

actual value; (c) picture of test specimen.

425 349

425 425 349

35.0 35.0

(a) b) (0)
Figure IV-19. Transversal moisture contents distributions in
250 mm square timber at 120 hours. (a) Predicted value; (b)

actual value; (c) picture of test specimen.

- gAEY



Figure IV-20. Transversal moisture

120 mm square timber at 288 hours.
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actual value; (c) picture of test specimen.

Figure IV-21. Transversal moisture

210 mm square timber at 288 hours.
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contents distributions in
(a) Predicted value; (b)

actual value; (c) picture of test specimen.
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Figure IV-22. Transversal moisture

250 mm square timber at 288 hours.

contents distributions in
(a) Predicted value; (b)

actual value; (c) picture of test specimen.
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Table IV-5. Average crack length on wood surface.

Time Average crack length on wood surface (m)
(hours) 120x120 mm? 210%210 mm? 250%250 mm?
0 0.90 0 0
48 0.82 1.33 2.46
120 1.77 2.54 2.90
168 1.55 2.34 2.80
288 1.41 2.26 2.62
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Figure IV-28. Transversal moisture contents distributions in 210
mm square timber at 288 hours. (a) Predicted value by crack

considered model; (b) actual value.
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Figure IV-29. Transversal moisture contents distributions in 250

mm square timber at 120 hours. (a) Predicted value by crack

considered model; (b) actual value.
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considered model; (b) actual value.
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Abstract

Hyunbin Kim
Department of Forest Sciencies
The Graduate School

Seoul National university

Wood drying is essential for the use of wood. High temperature
drying is a method for drying wood at 100°C or higher, which
can dry the wood faster than kiln drying. However, during high
temperature drying of wood with large cross section, there is a
high possibility of occurrence of drying defects. Drying schedule
improvement to reduce the occurrence of drying defects has
mainly been performed through trial and error method. However,
it is effective to improve the schedule by using the simulation of
drying process. Heat transfer and moisture movement of wood
during drying can be analyzed by numerical analysis using wood
heat transfer factor and moisture movement factor.

By measuring defects during drying and applying additional
moisture deviations as well as predicting initial moisture content
and temperature data to the prediction, it is possible to predict
the time to reach the target moisture content to prevent
excessive drying of the wood with defects. Therefore, in this
study, the temperature and moisture profiles of the wood during

high temperature drying were predicted by numerical analysis



and the surface cracks affecting the moisture emission from the
wood surface were reflected to the prediction.

The wood to be subjected to prediction was larch(Larix
kaempfteri) wood. Three different width of larch timber were
used, The width of each types was 120 mm, 210mm, and 250
mm, and the lengths were all 3,500 mm. The initial average
moisture contents were 37.59% for the 120 mm square timber,
43.13% for the 210 mm square timber, and 41.85% for the 250
mm square timber. The initial temperature was about 16 T.
Based on the experimental and theoretical equations, the specific
heat, density, thermal conductivity, thermal diffusivity, and
convective heat transfer coefficient of wood were determined. The
moisture diffusion coefficient and surface emission coefficient of
wood were determined by using geometric moisture diffusion
model and convective mass transfer coefficient conversion. By
applying the determined coefficients to the three-dimensional
finite difference method, the temperature and moisture content
profiles in the wood at the high temperature drying were
predicted. In addition, the feasibility of the prediction system
was evaluated by measuring the temperature, moisture
content, length and depth of the cracks during actual high
temperature drying.

Compared with the prediction result and the measured result of
temperature in the wood, there was an error occurrence interval

between 48 hours and 168 hours. This is due to the error



between the fiber saturation point set in the prediction and
the actual saturation point at the actual high temperature. In
the moisture content prediction, re-prediction was performed
using a model considering the cracks when the cracks occurred
more than 50% of the test length. The difference between the
predicted and actual final average moisture contents of each
width of square timbers was about 05%, 2% and 3.4%5. When
the crack considered model was applied to the prediction, more
accurate results could be predicted.

Even if a drying schedule to minimize drying defects is applied,
there is always a probability that drying defects will occur due
to differences in the physical properties of the drying objects.
Therefore, it is possible to construct a system that can apply real
- time drying defects of the wood to the prediction system based
on this study. Also, it is expected that, even if drying defects
were occurred during the drying process, it is possible to correct
the prediction in real time to accurately predict the time to reach
the target moisture content, thereby reducing energy consumption
and suppressing the occurrence of additional drying defects due

to excessive drying.

key words : moisture transfer of wood, heat transfer of wood,

finite difference method, high temperature drying

Student number : 2017-21425
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