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Computer simulation of sorption process of wood.

Takeshi Sapon
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Table! Ratio of half sorption time (&) to equilibrium time (fow)

Density Thickness | RH range los tos Loss/ las
(g/enf] [mm] [%] [min] [min]

Adsorption 0.3 3 6080 60 436 7.3
4060 79 642 8.1
0.5 3 60—>80 225 1640 7.3
40~+60 296 2412 8.1
40~--80 266 1740 6.5
0.7 6080 486 3538 7.3
4060 636 5204 8.2
0.5 2 60—80 100 729 7.3
4 400 2918 7.3
6 898 6574 7.3
Desorption 0.3 3 8060 48 552 11.5
60—40 T 720 10.1
0.5 3 8060 180 2078 11.5
60-+40 266 2708 10.2
80—40 191 2472 12.9
0.7 80—60 388 4884 11.6
60--40 570 5842 10.2
0.5 2 80--60 80 923 11.5
4 320 3696 11.6
6 718 8326 11.6

24T, B B EMD Y, E< 0.6 TSR IE—HT 24, E< 0.6 TRIRE TREKBIREN
ﬁ&%ﬁwmﬁ@%wvwwﬁ%&%Mmtﬂ BT LI U Tl o T L, s Ty
W SEENE R EOE B O IR EGRTR O S SR sl TS B SRR O BRINEE T SRR
{HEDERBITHIE T 2B OFEBREL B BEDSTH B,

4. AWM O - B

AMOW » iBIEE T v Ea—9 ¢ Y 1al—va vtk ->TRY, ThhSAMOB - i
R A RS 1 BUISER T 5 & TICBIERAK OIS H» 2 DT, T TR E= 0518
T 2IEDWEM £y 5 & E= 0.99 |39 2 -@Hﬂ%waﬁm s lowles BRD T, 1B, Ly &
LR oMz (8) RoOBHRNSSH

m*i%@e1km¢;whzmwmmmmMﬁ/&@ STOHEHE 40 ~ 80% T, W T 6.5
~85, M T 100~ 13.0 Ofificd v, LECERES ST, PHBESE BB E/NE
B BMIEICH B, ChoOFERERMTIE, AMOIEIRED S « TR cEd 265
& F OUEHISHEETE %,

i

37

3. % 0 {5 % )

. KM i B B EIR A
Uf@ BE v Y a b= Ve VICHEEGEREEI T B oM - T, BTN e AG ol
& e B E VS BIREHEHVTVS, UL, LW ERoOEXHETRCDRI T &
BREISHVEELSND, TTCI, KRMEZHERE O I 7 » TNV IZAM R T ORSY
Bl RmATIRIUL %, SAIERM &R L fluid fim 2EL, OBEEKSSEET S
A OHMIEER (coefficient of surface evaporation, EIHFERER (g/af - s]) #EALT



Wb, F7z, Skaar™ ldks
s] ZHVTW 3,

315

M ORI OER & L T O surface emission coefficient [em/
DAY= e Iialb—vg  EBULTH Droin 5

Droin-Josserand

5213 coefficient of moisture transfer [em/s] %W TAM BRI OBRRLEED TV B,

CCTREHZERCDWTOEFLE LT, AP
A5 o RifiE TORICREMZELT %

Gt EHEL D, THDB,
F® FNERET B,

FUSHRA L TEAD, 44bh b R ofliis D, &

CDEIBBEEZLB L, ML

S DI IC O 72 SRR IR
MOWE CREE) 2% A
WEALEBFE & 405 23KY, (8)
O L D EPRNEDHILE, D

LB, CoEEEDLH Amn{té“m;u:mbwo DRI D WTREST 5,
COEFATIEFig A WRT LD BIES Ax, [en] OREEEE (a~0) 2EL5, 0%

Mz B AHIHBERER, & CPHEKRARIC L 2 KELQOILHREE 2hEh D7,
Du*é:—é* s “’1‘] jA[ UDF%@ am')o r\@]k a)(fl‘/\ ’1 1’{1()
e 100)) e, Ue—u(0)
Fa=D*+ .Ax,,_w At=D, MAxb At ¢l)
OO 0— 1 ~OKSOFIE Fy 1
Fy=p+ EOZCW . yyp. . 2OuD) an
i, EE A2 U);‘ﬁ& & OSSR 1 12
= (0) — {u(0) ~u (D} /4= {3 » u(®) +u(1)} /4 a
w(0)=1{4 « uy—u(1)}/3 (13)
“jj, fi IjAt @PU’]@ 2( 0‘1’;0):{’1‘/:]V_,/}(J?@i‘%’}}[]ﬁé Auo 14
o Fau‘"Fm - D" . At
duy=g A = [+ = h O} =22 @ ~u (D} ]+ s
rbs Yl _{)M__E_“ . At
=[ e+ (@} - {u(0) - um}] T
—2 (= u(O)}/R =D + (u(0) ~u(1)}/ 2] a4
&5y, RiEEE B 2P 28
XEFRbDT /NI A~ 57 K CGRIZERBO  AER Air g Wood
M5B, K FlATIC & 5 RIAFRE &AM I ! |
FILT, 5t 0, 00 w5 bmmaise by bt M4
v, [g/(min + aD] T & B, & 1, K/R 25 4N !
Y
Skaar' o surface emission coefficient, S IZ%f : N 1
59 5, 5B, KHEDBIEOME & B H IF AR ; N
) N U(0) = (ho)
Td B H, Choong 5™Icdk »TSA0.9 X 10 '~ ! o uo
1.9 X 10 "em/s Oz d 5 EWESN TV L0 ! Nlum
T, S=K/R EETHE, KOfiE L T2 x ! e )
10 *~8 % 10 g/ (min »af) XT3 ! Oxlz| oxiz
g fo et 175 ok !l‘/" AXb AAx T Ax
3. 2. SUHOG ORI RO 9 R RO >
R o Fig.4 Schematic diagram to explain
e balidfc & H I KBRS —ETH N, surface transmission layer on

FLHNT DILRR I RO L D b/hS {105, &

wood-air boundary,



Table 2. Apparent diffusion coefficient (D,) for different surface transmission

coefficients (K) (40~60%RH)

Kx10° [g/(enf « min)]
0.1 0.4 0.8 1.6 3.2
Density Dx10° Thickness D, x10°
(g/ent) [ef/min] [mm] [erf/min]
0.4 27.0 1.0 3.08 8,94 13.3 17.8 21.4
1.3 3.85 105 15.0 19.3 22.5
2.0 546 13.3 17.8 21.5 23.9
4.0 8.94 17.8 214 23.9 25.5
10.0 14.8 22.4 24.8 25.9 26.6
0.5 14.9 1.0 2.33 6.28 870 11,0 14.9
1.3 2.87 7.14 9.60 11.7 13.1
2.0 3.98 8.70 11.0 12.7 13.8
4.0 6.18 11.0 12.7 13.7 14.4
10.0 9.48 131 14.0 14.6 14.8
0.6 9.48 1.0 1.84 4.55 6.12 7.44 8.34
1.3 2.25 5.15 6.66 7.86 8.58
2.0 3.04 6.12 7.44 8.40 8.94
4.0 4,54 7.44 8.34 8.94 9.24
10.0 6.60 8.58 9.06 9.36 9.36
0.7 6.90 1.0 1.52 3.59 4.73 5.62 6.24
1.3 1.84 4,03 5.09 5.88 6.36
2.0 2.47 4.72 5.62 6.24 6.60
4.0 3.59 5.62 6.24 6.60 6.78
10.0 5.04 6.36 6.66 6.84 6.90
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Resume

The moisture sorption processes of wood were simulated by a numerical method
with finite differences under simple and transmissible boundary conditions.

First, mathematical simulations were carried out under a simple boundary con-
dition that the moisture content of wood surface reaches at the equilibrium im-
mediately after the sorption starts. The average diffusion coefficients (D) for sorp-
tion processes with moisture content dependent diffusion were calculated, and the
numerical relation among D and diffusion coefficients at initial and final stages was
obtained. The sorption process calculated with D proceeds apart from moisture con-
tent dependent diffusion process above 60% of total moisture change, where the moi-
sture dependent sorption goes ahead of the constant diffusion process for adsorption,
but conversely for desorption. A equilibrium time was calculated to be 65 to 85
times of the half-sorption time for adsorption, and 10.0 to 13.0 times for desorption.

Using a model with transmission layer on the wood surface, sorption processes of
wood of various densities and thicknesses were simulated at different surface trans-
mission coefficients (K). For each case, apparent diffusion coefficient (D,,) of wood
was calculated, and the sorption processes simulated with K and D were compared
with the simple boundary process using D,,.





