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Studies on the drying of wood

By Takamaro, MAKU

[ntroduction

In drying of wood many equations have been developed on the moisture movement
through wood. Among thém, hitherto the diffusion equations P or the differential
equations V2229 gimilar to the heat conduction equation had been used, and recently
yet many other equations ' are established.

[n the range of high moisture content, the movement of free water is mainly due to
the capillary force, nevertheless the diffusion equation by the moisture gradient or the
differential equation are used. In hygroscopic range besides the above mentioned equations,
Voict @ explained it by the capillary movement in cell membrane near the fiber satu-
ration point and by the diffusion equation similar to Stefan’ s law, STamM * considering
it as a diffusion and an electric stream in wood structure, calculated the drying diffusion
constant and KrOLL ' explained it as a capillary movement in cell membrane near the
fiber saturation point and Knudsen’s molecular stream in pit membrane pore in the lower
moisture content.

It may be distinctly- an error to apply the differential equation in high moisture
range, but it comes into problem in hygroscopic range. According to MARTLEY '9,
Lupwic ', and EGNER?, the diffusion coefficient varies with the moisture content, so
that the coefficient of differential equation i. e. drying diffusion constant K becomes
the function of the moisture content and the actual calculation by its solution is difficult.
On the other hand, according to BATEMANN ", SCHLUTER *, STAMM * ond KRgrorLL!™ it
may be considered that the drying diffusion constant is independent upon the moisture
content at least from 30 to 109 moisture content.

Thus, for the application of the differential equation some deny it clearly and some
have the different opinions even in hygroscopic range as well as in high moisture range,
nevertheless the differential equation is often used for the convenience that (1) it repre-
sents directly the moisture content of wood (2) other equations can not be directly conne-

cted with the relative humidity and the velocity of the drying air, but it can be easily
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connected with them (3) at least from 30 to 1095 moisture content, it coincides well with
the drying process (4) it is convenient for the calculation of the drying time.

At the above mentioned standpoint, the present author treated of the differential
equation from the drying process and the moisture gradient, and obtained the influences
of the drying air conditions to the drying coefficient. In drying, ‘the heat- and moisture-

movement take place together but in the present study only the latter was researched.

1. Differential equation of drying of wood

The general differential equation of the moisture movement through wood is given
as the same as that of the heat conduction, that is, when # is the moisture content based

on dry weight, the amount of moisture d W which diffuses through the area A in time

dp, i

dW=—_Fk d‘; LA (1)

where k is the diffusion coefficient (g/cm h) and x the direction of moisture flow. Using
equation V,=V, (14+0.84 ru) (V,, V, is a wet and dry volume, 7, is the specific gra-

vity) the differential equation is written in the form

ou 1+084ru{k k””

b 7, @ TN PR

0'u 0*u
Kru 6 Pl +I{1u a + K’l mé"

u 0*u- o*u
1+ 0.84r) (K, T4 11, T8 Ty K

I

) ......... (2)

where K (=k/7,) is the dryihg diffusion constant (cm3®*/h) and subscript 7, £, /, and «
and 0 represent the radial, tangential, longitudinal direction and moisture content #, and
0, respectively ; # in (140.847.x) is 0-0.3 in hygroscopic range and 0.3 in higher mois-
ture range.

Obviously from equation (2), drying diffusion constant K is the function of the mois-
ture content for a given wood species but its value is approximately equal to 1 in ordihary
wood specie as shown in Fig. 1. Hereafter the present author rﬁakes in unidireétion the

investigation whether K is constant or not.
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11. Differential equation under steady drying conditions

When we assume that the amount of moisture evaporated from the wood surface to
the drying air through the fluid film is proportional to the difference between the mois-
ture content at the wood surface and the equilibrium moisture content of the drying air,

at the boundary x= —a (ref. Fig. 2),

dW= -~ k—g%/l dy (from the wood surface)

AW=—gq (#4.—u.,) A dff (through the fluid film)

ou

cey | O e u) = .
so that ox k (Au:c u(,q) h (u.\ ueq)

where « is the coefficient of surface evaporation (g/cm’h) and A2 =a/k.

When the initial moisture gradient in wood is f( %), then
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ou 0*u
T = g s (4)
f =0:u = f(x) ..................................................... (5)
ou
X = Ta: _g?jch (g o) == Qe (6)
£ == N au fae e B I R T R I RS
x = 0: ax = 0 (7
If we write v=u—u,,, equation (4)-(7) are transformed into
av _ aQU ............................................. '
T K“a?{? ................. (4)
0:0 :'v:f(x)—_ueq:F(x> .......................................... (5)’
— av - T 4
X=+a —a'x Fhv =0 (6)
0 s D /
¥=0: - = ("
the particular solution, thus
571, 3\
v = 1,2jw_2’1 e — K (—a-i)a
a 671 +Sln 872 COS 6/1
NV Oy
X cos— x/ F(2) cos P dj (8)
where ¢, is #nth real root of cot u=u/ha.
111. Case where the initial moisture distribution U, is uniform
Let F()=U,—u,,=V,, from solution (8) we have
v . S K(i{:—)ge 57[ S]n 57;
v = 2% 77 cosPx S sin S sos g (9)
for average moisture content v,, at time 4,
Vo S K( oo )-H Sinﬂﬁyz
Vo= 2 e \a s b Cos By (10)
The water evaporated
W: VnGub(l_ vu‘v/ VO)
- K("aﬂ")?ﬂ sin®dn
_ VoGao(1~ZLe a P E I e ) SORTSRe (11)
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where G, is the oven dry weight of wood,

then
dw _ V.G, Se K(_v%z/i‘fﬁ K (/A,‘)\_",_')2 L gsine, (12)
dﬂ RS o [/ f%z(ﬁn“"‘Siﬂﬁu COS(?,Lj

Fig. 3 shows the dimensionless diagram of equation (10).
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Fig. 3 Dimensionless diagram of eq. (10)

For the drying period #., which required till the wood equilibrate with the drying air,

5, \* 1)
. . — K(2%Ya
we can take ¢ ( a j = 0.01
then
_ 4.6a”
Hon - (13)

112. Case where the initial moisture distribution is given

/ o

as parabola f(x)=U,—(U,—U;) (_2_1)

Let F(x)=V,—(V,— V.\-)(/ J{LI ) ...................................................... (14)

then, from equation (8)

— K{(° )QH o
v=2)¢ U CO8 e X s } —
- a 0r+sinag, coss,
i e | COSO sind, |
X ' V.\' SIno,, — 2( Vm ‘* V\> ‘: I — ”"{BT”:.T)'E“ :ﬂ R ( ]5)
~ L " n :
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and
dn ) .
— ESA I ST
- ( Sino
Vn=2)€ \a . T : m“ ed N
0u( @ sing, coso,)
~ ( I~y ine ~
[ . . | COSo ., SImno, 1} .
>< f ‘/,\- Slﬂ(jz[“ 2( Vm - V.\' ) N A " -‘—m_'-_v'/'* oot ( 16)

. | On On

where V.=U,-u,,, V,=U,—u.,; the former is the moisture content at the wood surface

and the latter is one in the mid-plane.

If the initial moisture distribution satisfies the boundary condition (6)’, then

from (6) (\_%—K:}T:_” = hV,

from (14) ( i]}j j)ln:w = ~2—(—I_/%V_2
therefore V. = _2%27
from parabola V,, = 2 V"LS—"'L Vi
therefore V, = —5- 3 Ve, Vi = 3(2+ha) |

D03 Lhay Vo (17)

Using these, equation (16) is transformed into

L B g . .
Vg, KEG) sine, 3
an o 0.8, +sin g, cosd,) 3+ha
oL {cos g, sin g, 17 :
% - sing, — ha».{,_._._:\,,,, oo \\,,,‘,‘,l',‘,. [oeee (18)
“ S 0 1
and the moisture evaporated
W = l/(lncﬂh(,l - U(t'n/ ‘/uv‘)
By \°
K(—'“ﬂ“) o sin g 3
- - / \ 22 A
= ‘/(11:61/7: Ly 2/\,(3 a o

(;;;((}‘;1 “+” S]n 871 COS (7), ) 3 + ]’l[l

T ha ! coséd, sind, )™
X sing, —ha «— Septeb ]

R A N 19
{ On on ) L ( )
then
aw_ VG sie” \71") v LN — 2sin o 3
(1(‘]‘ - avlray 2 € ATy ) (37,‘(‘(3‘,L+Sin (3,L oS 5“\) 3“‘—]7([
o " COSa sin 4, |
X sing,— ha {0 SEL (20)
-~ \ M i
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Fig. 4 shows the dimensionless diagram of equation (18)
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Fig. 4 Dimensionless diagram of eq. (18)

12.  Differential equation under unsteady drying conditions

When the drying air conditions vary with time, we may use #,,=(#), but in this
case drying diffasion constant K may be not always constant for the change of the
drying conditions or the moisture content. Few experimental results have been reported
about the relation between K and the drying conditions. KaMmer (1937), BATEMAN
(1939), and Stamm (1946) revported the agreeable conclusions that K varies with the
temperature, however, there have heen an heterodoxy about the relation of K to the
relative humidity of the dryving air and the moisture content of wood. According to the
present author, K varies with the change of the temperature and the relative humidity,
but in the lower temperature or the higher humidity the variation is very small and for
the change of the moisture content of wood, also, K can be regarded as a constant in
practice, and changes of K by some degree give not so large influence on moisture

content therefore under the confined unsteady drying conditing assuming K as constant

Ol g Ol
P (4)
ﬁ_—_—o cou :f(x) ............................................................ (5)
g s O B O,
x¥=cha s ok hiu o(0)}=0 (21)

the particular solution thus
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0=t Ye <?;z" )2" <O On
T a ~ cos—, On+sin 6, COS O
0 siné On\® {? (‘%)2
x| S (Dcos 2 adi+2a Sindu g (On ) g o(&)de (22)
121. Case where the initial moisture distribution is uniform
Let f(x)=U,
AN N :
1w=2%e (= > b cos Om g SINOn
a” Op+sindn, cosdn
B \?
LI S G 3 )
N Uﬁ«K( On ) \.,e ( a )é (E)AE (23)
A \* S
Uy =2 Ye - K(;m) f S S{H‘OH _—
0 0r+SIN 6, COS 0x)
"By N2
e 0 K(Sm)
UO%K(O") \g <a)’to(g)d5 ............... (24)
o

122. Case where the initial moisture distribution is parabolic

Let f(x)=Un—(Uu-Up) [ X )

70\
— K(22)s 1
nw=23e A -
a On+sin , cos o,

o COSd,  Singn ™
X (1 Us sing, —2(Un— UD{ S22 00 = S0 L
~ n n -

NN O” :c
tsin g, K (") \ ke o(2)ds -(25)

. a

Jo

e O)L \* .
- K(a> 0 sin g

Uow=2e _
" - n(On *‘Sln On COS ()71)

e . . s 5 < : oy
X (} U, Sing, — 2( U,.— l[s)“‘ cos 0w — S :)” g
~ l (;u (Yn‘ !

-+sing,, K(

2.  Experimental discussion

21. Experimental method'®
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“The schema of the eXperimental apparatus is shown in Fig. 5, the dryer body was

made of galvanized steel plate and was covered with insulating material of 5 cm thick.

Dry bulb temperature controller (1)

Wet and dry bulb Wet bulb tem
Balance uib itemperature cantroller2)
/L)/grometer et / Baffle net:

Heater (copnected to(l)
FSupplementary heater
Cea,suring chamber
Humidifying T
chamber

Fan

Heater (conmected Fo(2»)

Exhaust pipe

Fig. 5 Experimental apparatus

Heating system. The air was warmed by two unit of Nichrome wire, the one was
used to warm the dryer quickly and to maintain a temperature slightly below the desired
operating temperature and the other was connected to an automatic dry bulb temperature
controller.

Humidifying stystem. Damper placed in the exhaust pipe and the heater placed in
hot water bath were used, the heater was connected to an automatic wet bulb temperatur.e
controller and used to maintain the desired relative humidity.

Drying air velocity. The air circulation was regulated by the rotating speed of fan
to maintain the desired air velocity and was evenly distributed by the baffle net installed
ahead of the test section.

The weight of test pieces were directly measured by the balance placed on the dryer
body.

Test pieces used in this study were cut from the same stock as 10x20 cm® area and
0.2, 0.5, 1.0, and 3.0 cm thickness for the transverse direction (edge grain or flat grain
pieces) and 10x20 cm® area and 1.3, 2.2, 3.0 and 5.0 cm thickness for the longitudinal
direction (end grain pieces) and 15X15 cm® or 20x20 cm® area for drying of veneer or
plywood.  Previous to the test, the side surfaces of pieces were covered with synthetic
resin for dampproof and one part was soaked in water with the vacuum and pressure

treatment and the other saturated in water vapour until they attained the fiber saturation
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point. The latter particularly, had been kept to the operating temperature previous to
the test in order to avoid the error caused by the temperature difference between wood
and the drying air at the beginning of the experiment.

The test pieces for moisture determinations were timely taken out from the apparatﬁs

and the small piece (about 3x4 cm) was taken from each centre and cut into several thin

Side coating (synthetic resin)

5571 |

L -]

Fig. 6 Test piece for moisture determination

laver for the moisture gradient (Fig. 6), on the same time, for the purpose of check, the
distribution was measured by the electric moisture-meter. In case of need, the tempera-

ture 'gradient was measured by the thermocouple.

22.  Drying of timber™

221. Drying in the range of high moisture content

The test pieces of Thujopsis (HIBA) whose initial moisture distribution was approxi-
mately uniform, were dried under the steady air condition of 55°C, 409 and 0.4-0.5 m/s.

The relation between the drying rate and the moisture content were the most typical
as shown in Fig. 7. Obviously, in the timber of 0.2 and 0.5 ¢m thick, the three stages
of drying, that is, the constant rate zone, the first and second zone of falling rate
appeared, but with increase of thickness the former two disappeared gradually and in the
timber of 3 c¢m thick only the second zone took place from the beginning of the drying.
This phenomenon, as HawLky ® had pointed out, shows the fact that the movement of

free water is active only in the confined distance and is explained by the temperature-
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Fig. 8 Drying and temperature behavior of T'hujopsis (HIBA. 0,2 cm thick)

drying rate diagram in Fig. 8 and 9, that is, in the timber of 0.2 cm thick, as
KEYLWERTH ® reported on drying of veneer, the temperature of wood during the con-
stant drying rate keeps the wet bulb temperature of the drying air and the constant
surface evaporation takes place during this period. In the timber of 3 c¢m thick, however,
this correlation between the drying rate and the temperature of wood disappears. This
shows that the movement of free water from the interior to the surface is not so easy as

in veneer, and the temperature rising process indicated by KEeviwekrTH for timber may

R -



not occur.

Fig. 10.

As obvious from the above mentioned result, the mechanism of the drying varies with
thickness of wood, and so we can not apply the differential equation in all range from
the high moisture content to hygroscopic range and moreover to make it applicable, the
plots of v,./V, us. Kf/a* i. e. #7a° must be all straight lines on a semi-log scale as

‘shown in Fig. 3. In Fig. 11 v../V, is plotted against A/ for Cryptomeria (SUGH) and

Temperature of wood-

WOOD RESEARCH NO. 13 (1954)
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Fig. 9 Drying and temperature behavior of T hujopsis HIBA. 3.0 cm thick)
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Fig. 10 Temperature gradient in Thujopsis (HiBA, 3.0 cm thick)

The temperature gradient of 7hujopsis (Hisa) of 3 cm thick is shown in

—_ 92 —_—
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Fig. 11 vy,/Vy—o/a® diagram

Thujopsis (Hisa) of 1 and 3 cm thick, respectively. The results have not so a good
agreement with the differential equation as that of SHEkwooD and KAMEI, and it seems
that the differential equation is not applicable in general, to say nothing of high moisture
range, even in the case where the second zone of falling rate appears from the beginning

of the drying.

222. Drying in hygroscopic range

222,1 In the transverse direction

222 11 Determinations of the drying diffusion constant K

In the case where drying begins from the fiber saturation point, there is the great
possibility to apply the differential equation. The present author used the rectangular
slab of Chamaecyparis (SAWARA, 7,=0.4 and HinOKI, 7»,=0.41), Fraxinus (TamMo, r,=
0.56), and Prunus (SAWARA, r,=0.63) in this study. As shown in Fig. 12, the relation
between v.,/V, and (/¢ agrees well with the differential equation diagram in the range
from the fiber saturation point to 109 moisture content, but below 109% moisture content,
as KrOLL 1™ stated, the molecular stream may take place instead of the diffusion and no
differential equation can be applicable.

As the value of £ 1. e. ha ]1as never been determined hitherto, the .value of K can

not be directly obtamed here. The present author has determined fre and K by the
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Fig. 12 va»/Vy—6/a® diagram in hygroscopic range
following manner.

As shown in Table 1, K and K, for various 2a were calculated from the drying data
and as the most probable value of #4a, the one for which the coefficient of variation of
K, was minimum was determined (ref. Table 2). On the other hand the moisture distri-
bution was measured and the results were shown as an approximate curve in Fig. 13,

from which the moisture content at the wood surface and the mid-plane can be calculated.

Table 1 Fraxinus (TAMO) 3 cm thickness

' i
moisture l & ha = > i . ha = 20

. 004|0. 018
|
!‘
.046,0. 02590. 0232 0.0018

27.9| 0. 844! 0,888 0. 020 .0224;0. 0198/ 0.0019 0.0361] 0.0200.02240. 0198 0.0052

<

i
time é,tcontent V]V 0]a - Vi L L ' ‘
Uy Kﬂ/a?i K t K, * K(my—‘Kg '(K(,w—]{()‘)gi Ko / a+ K 1 ]{0 Kow— K,
| .
0  31.9 | | +10-4 [ ‘
i ! i
3 30.0. 0.925| 0.222]| 0.0040. 018 10. 0158 0.0059 0. 348 \0. 0158, 0.0092

26.0| 0.770 1.776 0. 0430. 02420, 0216] 0. 0001 . 0001

N A
o ToTo TS

. 0230i0. 0208 0. 0009

|

0
0 23.9| 0.687| 3.12 || 0.072 .0081j| 0.092,0.029250. 0266/ 0. 0016
0

10. . 0361 0.0292| 0.0042

22.0/ 0.613 4.45 i 0.1160. 026010. 0236] 0.0019 .1430. 0321

21100 02960. 0270 0. 002

0..0284; 0. 0034

|

. 346}0. 030010. 0279 0.0029
|
|
|

20. 0 18.0) 0.456| 8.90 || 0. 233%0. 0252/0. 0242; 0.0025 . 0625

) 27550. 0309

26.0 165 0.39811.57 | 0.2010.02520.0234 0.0017

0
0
0

16. 0, 19.8] 0.527] 7.11 | 0.1730. 0243‘0. 0222 0.0005 0. 0025
0
0. 0289
0

.0121]] 0. 414

. ; i
33.0: 14. 8] 0.33214.7 0. 358%0. 024410. 0228 0.0011 0. 028210. 0264| 0.0014

. 5200. 02720. 0256/ 0. 0006

l —
Kip=0.0250 C. V.=0.161

c o o o o o o o <°o ©

4300 13.00 0.262019.1 | 0.4580.02400. 0226/ 0.0009,  0.0081
: | .
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Kap=0.0217 C.V.=0.107 |
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ha = 10

(Ko Ko)* Kefat K Ky, K- K Ko Ko
10-+ t-'l(‘if‘?'
0.846 . 0.0080. 036 0.0316 0.0002 0.0004?
0.270 . 0.0200.03260,0288 0,003 00036
0. 0324f§ 0. 0640. 036 io. 0322, 0.0004  0.0016
0.0256/ 0.1180. 03780, 0340, 0,0022  0.0484
0.176  0.174p. 0392E0. 0356 0.0038  0.144
0. 04 0.2510. 03520, 0322 ©. 0004 0.0016
0.116 ¢ 0.3190. 03580.0330 0.0012  0.0144
0.0841 0. 387). 033560. 0311 0. 0007 0.0049i
0.01961 0.471/0. 032000.0299] 00019  0.0361
0 0.002 0,044

. 0036”' 0. 598|

|
0. 03130. 0296

0.176

0. 128

0.109

0. 0940
0. 0871
0. 0731
0.0724
0. 0659
0. 0620
0. 0580

]
|
i

Kin=0.0318

‘x
C.V.=0.0548
|

ha = 5 %
—
Kv/at K &;&wwafMWKW?
‘ ’ | 16~ i
0.0]90.08550.0750% 0. 0236, 5.57 10.03%80
0.0590.0665p.05905 0. 0076 0.578 %0.114
0.1]50.0648b.0579§ 0. 0065 0.422 50.194
0.1900.0610b.0550 0. 0036 0.130 50.293
0. 2580. 0584é0. 0530; ©.0016 0. 0256; 0.388
O.3560.0500b.0457 0. 0057 0.325%0.520
0.4440‘05000.046]: 0.0053 0.281;0.644
0.5330.0460b.0427% 0. 0087 6. 757 é0.760
0.6440.0438b.0402 0.0112 1.25 %0.9]0
0.7940.04150.03913 0.0123 1.51 31.11
I | [ |
Kapr=0.0514 C.V.=0.265

ha = 2 H ha = 1 ha == 0.5
Ky Ko K, 1(_1'{,,,,—1(@)‘-’ Kofat K Ko Ko ’Kg!( Kin— K| Kojat K | Ko Ko Kol Ko— Ky?
J 2161 ‘ : +10-4 : | <10~
0.154 0. 0706; 4.98 | 0.085/0.384 10.337 0. 139[ 193 | 0.215] 0.9680. 848i 0.549 | 301
0.113 | 0.0206 876 | 0.2100.237 %o.zog 0.011 | 1.21] 0.425 0.4790.423 0.124 154
0.0976{ 0.014 1.6 1 0.3300. 186 }0.165 0.033 i 10.9 || 0.638] 0. 3600.321% 0.022 | 4,84
0.084 0.0008  0.0064) 0.4850.155 0.139 | 0.05¢ 34.8 | 0.920 0.2950.265E 0.034 116
0.0788 0.0048 23 | 0.6310.142 fo.lzg 0.069? 34.8 | 1.175 0.2540.239% 0.06 .~ 36
0.0667] 0.016¢  2.86 0.8420.118 ‘o 08| 0.09 81 | 1.554 0.2180.199 0.100 100
0.0668 0.0168  2.82 1.04 0.117 0.108 | 0.09 81 | 1.875] 0.2100.193 0.106 RE
0.0612 0.0224  5.02 | 1.3260.115 50.107 0.091 I 82.8 | 2.200 0.1900.176;’ 0.123 151
0.0580§ 0.0256  6.55 ;1.460;0‘099430.0928 0.1052] 111 | 2.600 0.177)0. 165 o.134§ 180
0.0547 0.028¢  8.85 | 1.7750.09300.0878 0.12 144 | 3.240 0.17000. 1600 0.130 ¢ 193
I R 1 | L
Kiw=0.0836 C.V.=0.351 Ky=0.198 C.V.=0.463 Ka»=0.229  C.V.=0.501
|
* K= Ky(1--0.84r0)
wox
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Table 2 The values of ha determinated from drying process and the
moisture gradient (Transverse direction)

‘ T
WOO'd . lza* . . Kna=1| Kng=25| Kan ha for Koy
oroce | €., minimut | rom v 21>
Charrza(eéyAiJ\(Az/r;\l?2 A 10 2.3 0.02 | 0.045 | 0.033 3.5
”quon 2~10 ° 0031
1;‘,-axz'n(1f1§AM0 y 10 12 0.032
Prmm‘ZSAKURA ) 10 11 0.020

* C.V. : coefficient of variation of K,

Now, take the first term of equation (19) for approximate using, v, and v, is given

as
. B \= S o
Uy — K(—"W) SIn 01 COS 0
s T 2(; a T T T
vV, d1 --sin ¢, cos
v K “‘—)“ sin §
PR . Ze - a 1] . 1 .
V. 01-+sin g1 cos 0,
Ve o 2
therefore b-» EECOS (v v v e e ( 7)
1
. Fraxinus (TAMO)
I4
% [o 30 IEC O SN }
’ )--P‘O"P r- ',--' <
Chamaecyparis SAWARA) Chemacecyparis (HINOKI) Lt Prunus (SAKURA)
30 30 7.
30 L /
. 0 o ‘:’
o"'o'—"-o 0 o o
’O‘-— x,—‘f‘ 2% 04/—0— % Yo 25 25
7 > 31 o475
25 <] . x — o~
/ AT % x /13.-- o
- 7 S DL -‘é
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Fig. 13 Gradient of moisture content in transverse direction
{Drying conditions : 55°, 409, 0.4--0.5m/s)

— 96 —



T MAKU @ Studies on the drying of wood

Using v, and v, in Fig. 13, cos #, i. e. ha were determined by equation (27). The values

of ha thus obtained, as shown in Table 2, have a good agreement with previous one

excepting Chamaecyparis (SAWARA), and may seem to vary with wood species as will

be observed later in the longitudinal direction but the details could not be clarified in

here.

Now, using & =

0 ’
" -@—J‘udx
100

dx

graphycally from the moisture gradient as follows (ref . Fig. 14)
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du by Egner's method the values of K. were obtained

\'d

v 003

5 mf e

Q

*g) /r{ ® o ©°9°
. 8 002 o3 [ ] o X X

% 0 O X A Ja\

= oo

S

>

Ny

& re o e e s A A e i
Q 05 70 75 z20

Moisture content u

Fig. 14 Relation between the drying diffusion constant K calculated
by Egner’s k and the moisture content

for Chamaecyparis (Sawara) K =0.034 cm®/h

z 2z (Hinoxk 1)
v Fraxinus (Tam0)
2z Prunus (SAKURA)

z 0.027
2z 0.032
2z 0.0197

Somewhat smaller as K is for Chamaecyparis (HINOK1), K have a good agreement

with K, for Fraxinus (TAM0) and Prunus (SAKURA) and with the mean value of K,

at ha = 2.3 and 10 for Chamaecyparis (SAwWArA) (ref. Table 2), therefore, according

to these results the drying diffusion constant is regarded as a constant independently of

the moisture content. The dotted line in Fig. 13 is the one calculated by K =0.034, 0.032,

and 0.020 for Chamaecyparis (HINOKI), Fraxinus, and Prunus respectively.

222,12 Determinations of the coefficient of the surface evaporation «

From equation (3) the coefficient of surface evaporation is given as

_aw
an A v,

=
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Then, by the diagram of dimensionless equation (12) » can be obtained as in Table 3, as

Table 3 Transverse coefficient of surface evaporation «
(IYraxinus, 3 cm thick, K,=0.0318, VV,=0.256, G,,=298)

i ; 0/a* Ko/a: 524 of eq. (12) 9:;;_ ; A : {;}X Dy @
0.5 1‘ 0.222 " 0.00706; 0. 0504 | 3.84 | 401 0.00957 ; 0.119 0. 0804
1 : 0.444 0. 0141 0. 0456 .3.48 399 - 0.00872 | 0.0969 0.0800
2 0. 888 0.0282 0.0388 2.96 308 0.00744 | 0.0730 0.102
5 2.22 0.0708 0.6280  2.14 394 0.00543 | 0.0496 0.109
10 4.44 0.141 0.0204  ° 1.56 389 0.00401 | 0.0366 0.110
20 ! 8.88 0.282 0.0153 | 1.17 385 0.00304 | 0.0253 0.120
30 | 13.32  ° 0.424 0.0106 | 0.809 382 0.00212 | 0.0188 0.113
40 ; 17.79 s+ 0.566 0.0080  0.610 379 0.00161 | 0.0141 0.114
| ‘ z

o ay = 0.105

obvious from this table the values of « are nearly constant independently of the moisture
content excepting the short period at the beginning of drying. Calgulating ha from g,
ha=aqna/k=u.,a/Kr, = 0.105+1.5/0.0318 - 0.56 =9, this value of ha is nearly agreeable
with previously determined Za (=10).

From the results of 222, 11, 222, 12, the drying process in hygroscopic range coincides
well with the differential equation from the view of the drying rate and the moisture
gradient occured in practice. Consequently, even in hygroscopic range the surface moisture
content does not reach the equilibrium moisture content ., given by the drying air and
the moisture movement is occured by the correlation between the surface evaporation based
on this moisture difference and the internal diffusion. So that the drying diffusion constant
K is to say nothing of the temperature, directly influenced by the relative humidity and
the velocity of the dfying air.

Many results hitherto gave v.= 0 i. e. u.=u,, in hygroscopic range, in these cases,
the thinner the timber is, the steeper the moisture gradient becomes for the same #,, and
this is inconsistent with. the fact that the thinner the timber is the easier the drying:
becomes, on the contrary definite value of ka gives abovefact the appropriateness. Using
K=0.034, 0.032, and 0.020 for Chamaecyparis (HiNOKD), Fraxinus (TaM0), and Prunus
(SAKURA) respectively, the calculated moisture amount based on equation (11) and the

measured values are shown in Fig. 15.



T. MAKU : Studies on the drying of wood

40

30

20

Maoisture evaporated W

70

0 70 20 30 40 50 60 %
D’)’"”? period 8

Fig. 15 Evaporatad moisture in drying

222,13 Relation of K and « to the thickness of timber
The similar experiments were done on Thujopsis (Hisa) and Cryptomeria (Suan)
of 3, 1, 0.5, and 0.2 cm thick from the high moisture content. As the differential equation
is applicable after the moisture content of midplane reached the fiber saturation point,
determining the time by means of V., for U, = 0.3 and putting %a = 6 for 3 cm thick
timber (ref. Table 2), consequently ke = 2, 1, and 0.4 for 1, 0.5, and 0.2 cm thick respe-

ctively, the values of K were obtained as shown in Fig. 16. Obviously in timber

aos
g 2
‘;30”/# Cryplomeria (SUGI) 55, 40%, 045 7%
Soos
]
N X
R 004 X s
2 PR
L
N 003
£
D
N0oz; 7 > 3 Z
Thickness 2a cm

Fig. 16 Relation of transverse drying diffusion
constant to the thickness of wood
of below 1 cm thick for which 3 stages of the drying rate appeared the value of A
decreases a little with decreasing of thickness. The same inclination is recognized in plate
of below 4 cm thick in the longitudinal direction, too (ref. Fig. 24). In both cases this

relation between ka and K is shown as Fig. 17 in general. If the drying is controlled by
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Fig. 18

the differential equation the values of K must be independently of thickness, that is,
smaller value @' must be used instead of « . Now, in the porous material as wood, the
effective surface @, must be somewhat inner than a (ref. Fig. 18). As there are bardly
reported on the relation between «, and @', it may be concluded at least that a, is
connected with dimension of cell. The thickness of aa' obtained from the experiment are
about 0.3 - 0.8 mm in radial direction and 2 — 3.5 mm in fiber diretion (the former is as
10 — 25 times as diameter of tracheid and the latter nearly equal to the length of tracheid).
From this result, the present author assumes the surface phenomenon similar to the fluid
film which may occur in the surface of wood with above order of dimension. The ex-
istence of this anomalous thin layer is confirmed a certain extent by the fact that when
the wet timber which seems to be pretty dried at the first glance is planed the new wet
surface appears again and the fact that when the well dried timber absorbs moisture, after
reaching nearly the equilibrium moisture content it shows the remarkable absorption again
when it is planed, namely, hygroscopically anomalous thin layer exists at the surface of
wood. Tt is easily imagined that the effect of this layer on K disappears gradually with
increase of wood thickness. As to this phenomenon, however, the author can not conclude
without more detailed experiments and this may be one of the most interested problems on
drying of wood in future.

Now, in wood of below 1 cm thick the apparent value of K varies with the thickness

and decreases with the ratio of about 16.7 % / cm to the value of K of 1 cm thick timber

— 100 —
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and as obvious from Fig . 19 and 24, this ratio is the same as in the coefficient of surface

QO
818
® ©

007
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D
>
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Coeff of surface evaporatiorn o

0040 7 2 3 a

Thickmess 2a Cm

Fig. 19 Relation of transverse coefficient of
surface evaporation to the thickness of wood

evaporation and in the longitudinal direction below 4 cm thickness. Therefore at 55°C,

409 relative humidity and 0.4 — 0.5 m/s
K, = K, {140.167(2a, — 1)} vorooeeerremraineininininins e (28)

where K. is the drying diffusion constant of 1 cm thick timber. The thicker the timber
is, the more negligible the effect of anomalous thin layer on K becomes and K shows almost

constant value for the timber of over 1 cm thick.

For the coefficient of the surface evaporation « also, as obvious from 222,12, the same

relation is given
do = oy {1 A 0.167(2a, — 1)} cvvvervrmmreeineaeeeiieii (29)

where ¢, is the value of 1 cm thick timber.

As for the relation between the drying time and the thickness under the same drying

... A, a, )”’ -
condition there have been b = ) TuoMmALA and EGNER P gave n = 1.7 and MoLL
i ey

and KOLLMANN # = 1.5.

As obvious from equation (10), (16) and etc. (use the first term approximately),

for different thickness 2 ¢, and 2 a.

a, . a.
O. _ K (0n %@ P (@
e = %) (30)
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therefore, n = 2 can exist onlv in the case where ‘3, = .., that is, 2 @, and 2 a. are quite
large, and in the practical range of thickness #» is somewhat smalier than 2 and below

1 cm # becomes more and more smaller by the decreasing of K . Fig. 20 shows the

20

75 A4

7.0 -
j 5 8 9 0
o 7 2 3 4 5 6 7 o

Thickness 2a

Fig. 20 Values of exponent n of eq. (30),
from 1 cm to each thickness
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value of # calculated from 1 cm thickness to different thickness. The figure shows that
nis 1.3 — 1.8 in the range of 0.2 — 10 cm thick and the value of Tuomora and MouvLi.
are all contained in above equation.

222,14 Relation of K and « to the drying air conditions

Fig. 21 and 22 show the relations of K and « to the various drying conditions for
timber of over 1 cm thick which were converted by equation (28) and (29) from the data

of veneer of Fagus (Buna, 2 a = 1.5 mm) dried at various, steady conditions.
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Fig. 22 Relation of transverse coefficient of surface
evaporation to the drying air conditions
(Fagus, for timber of over 1 cm thick)

Namely, the drying diffusion constant has the same inclination as the diffusion coefficient
which increases generally with increase of the absslute temperature and is in inverse
proportion to pressure, and as for the air velocity # its influence is slight and K seems to
increase in proportion to #™~% in range of #= 0.5-2.0 m/s.

Thus, the values of K obtained from the definite 2« is naturally higher than those which

-- 103 -~
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many researchers obtained under the condition 2@ = co, and so the both may not be compared,
however, for reference, calculated values of STAMM and KrOLL were converted into those
of the same specific gravity and ploted in Figure.
222,15 Relation of K to the specific gravity
The relation between specific gravity and K converted by equation (28) from the
drying data of veneer to the plate of over 1 cm thick are shown later in Fig. 36. Drying
diffusion constant decreases linearly in inverse proportion to the increase of specific gravity,

but the difference is slight.
222,2. In longitudinal direction'

222,21 Drying diffusion constant K,

The drying data of Chamaecyparis (SaAwaAra and HINoKID), Fagus (Buna), and
Fraxinus (TAMO), (each initial moisture content is about 509) give a good agreement
with the dimensionless diagram of Fig. 3 only in hygroscopic range (the moisture content
30-10%) as similar as in 222,1 and probable ka obtained from the rate of the drying and
the moisture gradient shown in Fig. 23 are given in Table 4. According to these results,
it is concluded also in longitudinal direction that the differential equation can be applied
in hygroscopic range and the surface evaporation based on the moisture difference (us; Upy)
occupies a certain extent. From Table 4 the present author adopted hereafter the value
of ha determined from the minimum coefficient of variation of K, and showed K,

corresponded to these #Za in Table.

Chamaecyparis (SAWARA) Chamaecyparis (HINOKI) Fagus (BUNA) Fraxinus(TAMO)
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% % % %
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Fig., 23 Gradient of moisture content in longitudinal direction
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Table 4 The values of ha determined from drying process and the moisture
content (Longitudinal direction)

Woo.d ha K, Remarks
species at C.V. minimum/| from eq. (27)
| - - T . : i
C"“”‘Z"Sff;};{/b‘;’ésm 2 2.1 0.661 Dryslé]’% éf(());fl%?glm/s
?H[NOKI) 205 6 0.457 50, 55, »
FagufBUNA\; ; > . ; -2 B
meigf‘ZMo‘) ’ > e ‘ 0257 00

222,22 Relation of K; and g, to the thickness of timber

Test pieces of Chamaecyparis (HINOKI) of 5, 3, 2.2, and 1.3 cm thick were dried
from about 509 to 109 moisture content. The value of K; was calculated by equation
(18) from the drying data after the moisture content of mid-plane reached 30%, K,
decreases with decreasing of thickness in plate of below 4 cm thick (ref. Fig. 24) and the

following equation similar to equation (28) is obtained at 50°C, 559 relative humidity and

0.41 m/s.

w A Chamaecyparis (HINOKI), 50°C, 55%, 0477%
X 0.5
& __:—L—
R
8 04 C\/
N /
BN / [¢)
903 -
N ~°
Q
292
&

o7

0 7 Z 3 2 5 ;

Thickness 2a

Fig. 24 Relation of longitudinal drying diffusion constant to the thickness of wood
K=K {14 0.167(2@: — 1)} ooeeeereeveimnmniiiii (3D)

where K, is the drying diffusion constant of 1 cm thick plate. For the coefficient of the

surface evaporation ¢;, similarly
o= {14 0.167 (20— 1)} ++oeeeeeeremeeneeniii (32)
where «, is u; of 1 ¢mn thick plate.
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222,23 Relation of K; and « to the drying air conditions
To obtain the rel’ation of K, and « to the drying conditions, test pieces of Fraxinus
(Tamo, thickness 1.3 cm, the initial moisture content 50-609% ) were dried. The values
of K, and « obtained in hygroscopic range by equaticn (18) increase, as the same as in
transverse direction, with increasing of absolute temperature and are inverse proportional

to the relative humidity (Fig. 25, 26), thus
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>
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Tig. 25 Relation of longitudinal drying diffusion constant to the drying
air conditions ([raxinwus, for timber of 1.3 cm thick)

K - 7z¢< _2_7;7%_) " (’[1{) ................................................ (33)

where n, and m, are the experimental coefficient, H is the relative humidity, and n, =
0.876 —4.0, »m,= 5.4-9.95 in the range of the experiment (air temperature 20 —90"C, relative
humidity 20—80%).

The above relation is all the same to «

21
573 )

Ly = Wl’,‘([ -
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where 7';=0.85-4.0, m';=4.4—-8.9.

Fig. 27, 28 show the converted value for plate of over 4 cm thick.
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23. Drying of veneer’®
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231 Drying in the range of high moisture content
231,1 Relation of constanii' rate of drying C to the drying air conditions

Test pieces of Chamaecyparis (HINOKI, 2a=1.6mm, 7,=0.34), Tilia (SINA, 2a=
1.39, ,=0.43), Shorea (Lauaan 2a=1.24, »,=0.48), Fagus (Buna 2a=1.54, 7»,=0.56),
and Betula (KaBa 2a¢=1.40, r,=0.62; 2a=1.34, r,=0.67), geach. initial moisture content
is about 50 -60%) were used in this study. As for the drying process of veneer, as already
explained in Fig. 7 and 8 in 221, the constant rate zone and the first zone of falling rate
take place untill near the fiber saturation point, however, the gradient of the latter is so

gentle that it may be considered as a constant rate in practice.
In drying of vereer, Peck'” and KeyLwerTH? established the equation Z—Z = —cu” in all

moisture content range (¢, u# : experimental coefficient) but the results of the present
author did not agree with their results. So hereafter the present author will discuss on
the range of high moisture coﬁtent and on hygroscopic range, respectively.

Now, in Fig. 29 an example of drying process under various drying conditions are shown.
From these restlts

(1) The constant rate of drying ( % /min) takes place until near the fiber saturation point

(2) Constant rate of drying varies with wood species and drying conditions.

Fig. 30 shows the relation bétween the drying conditions and the average constant
drying rate C from initial moisture content to the fiber saturation point for Fagus. C, as
similar as K, increases with increasing of temperature and decreases as the relative humidity

increases and generally

com (5 ()

where »'' and m'/ are experimental coefficient and #n''=16.5-22, m'' =4.8—6.26 in the
experimented range.
These results are somewhat different from Tuomola’s experimental result™.
As for the relation between the coefficient of heat transfer %' and the mean air
velocity #, ZURGES ™ gave for rough face and #<5 m/s
B 225,324 BUB8TE v ve et (36)
and KEYLWERTH ™ gave

Bl oo BRI VNI R (37)
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Fig. 30 Relation of constant drying rate to the drying conditions

~ If there is a proportional relation between the coefficient of heat transfer and the
amount of moisture evaporated, above relation may be established between C and #,
however, in the present experiment C is nearly proportional to #"*-"" in the extent of
u=0.5-2.0 and fhe influence of air velocity on C is smaller. This result gives the same
inclination with Kamei’s experimental result which showed that in below 2 m/s constant
drying rate is hardly influenced by the air velocity.

According to present experiment, it may be considered that the effect of air velocity
is remarkable in below 0.5 m/s or over 2 m/s, but in the extent of 0.5-2 m/s the effect
is slight.

Fig. 31 shows the amount of moisture evaporated in drying of veneer and hatched
points on curves show the time when veneer reached the fiber saturation point in mid plane.

231, 2 Relation of C to specific gravity

Fig. 32 shows the relation of specific gravity and the constant rate of drying obtained
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Fig. 31 The curve if the amount of the evaporated moisture
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Fig. 32 Relation of constant drying rate to the specific
gravity of wood (for 1 mm thick®

1 Chamaecyparis (HINOKI)

2 Tilia (SINA)

3 Shorea (lauaan)
4 Fagus (Buna)
5 Betula (KABA)
6 ” C » )

from various wood species and converted to veneer of 1 mm thick under the assumption
that in the thin plate such as veneer drying period is proportional to the thickness, that
is, drying velocity is inversely proportional to the thickness. As obvious from the
figure, the constant drying rate decreases linearly with increasing of the specific gravity.
232. Drying in hygroscopic range
232,1 Relation of K and « to the drying conditions
The drying process of veneer in hygroscopic range gave a good -agreement with the
differential equation, that is, similarly as in 222,13 calculating V., for U,= 0.3 by

equation (18) and determing the time by means of this V,,, from the drying data in 23]

— 112 —



T. MAKU : Studies on the d

rying of wood

the author obtained a linear relation of v../ Vi.—#/a* diagram.

Then, as similar as in 222, 11, the most probable value of #a was determined as about 0.5

from minimum coefficient of variation of K. ha was independent on the drying conditions and

had a good agreement with one calculated by 2 =6.67 which is determined by e =10 (i. e. h=

6.67) of Fraxinus and Prunus of 3 cm thick (for Fagus veneer a = 0.075 cm’; ha = 6,67

x 0.075=10.51). Therefore, putting #a=0.5, the relation between drying diffusion constant

K and the dryving conditions was obtained in Fig: 33.

From the figure, K increases with

increasing of the absolute temperature and decreases in inverse proportion to the relative

humidity as similarly as the diffusion coefficient. That is
£ 27348\ 1,
K= n( . m,;/) (_77) .................................
X 0/% T | T T n
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Fig. 33 Relation of transverse drying diffusion constant to the

drying conditions (Faguws, for v
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where n, m are the experimental constant, and in the experimehted range »n = 0.35-0.8,
m = 4,5-6.1.

As for the relation of the drying diffusion constant to the air velocity, K increases
quickly in the range of # = 0-0.5 m/s, gradually in the range of 0.5-2.0 m/s i. e. in
proportional to #"*~** and in over 2 m/s seems to increase again. Fig. 34 shows the
relation between the coeffcient of surface evaporation « and the drying conditions, as

same as K, the following formula is given for «

(BTN LN
a_n( ot ) (H) ............. . (39)
0.5
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o ‘
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Fig. 34 Relation of transverse coefficient of surface evaporation to the
drying conditions (Fagus, for veneer of 1.5 mm thick)

where n' = 1,7-2.7, m' = 5.4-5.9.
Fig. 21 and 22 show the values converted from Fig. 33 and 34 by equation (28) and
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(29). Fig. 35 shows the measured values of the moisture evaporated after the moisture
content of mid-plane reached the fiber saturation point (hatched point on curve in Fig.
31) and the values calculated by equation (18) and K which was obtained by the above

mentioned method.
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Fig. 35 Evaporated moisture in hygroscopic range
( Shorea, lauaan, 1.24 mm thick veneer)
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232,2 Relation of K to the specific gravity
According to the data of Fig. 32 the relation between the specific gravity and K are shown
in Fig. 36. K decreases linearly with increase of the specific gravity. The relation
between both for timber of over 1 c¢cm thick are calculated by equation (28) and shown in
Fig. 36 together.
24. Drying of plywood '

Urea resin bonded, 3 ply, Betula (Birk) and Shorea (Lauaan) plywood (thickness
3.2 and 4.6 mm respectively ; initiai moisture content 23-249;) were dried under the
various drying conditions.

As same as in timber or venezr, v,/ V,—#fA/a* diagram shows a straight line and h«
obtained from minimum value of coefficient of variation of K, are given as follows

Table 5 Values of A«

; ; l's : ! E .
Wood Thickness :,?:\Si.ty ha I cale élllzlite d Drying air
species i 2a 1y ‘at C.V. min., . by I : conditions
Chamaecy paris cm | o . L bo P )
G 3.0 | 0.4 2~3 | 1.3~2 55°, 40%, 0.4~ 0.5m/s
V4 N i ) '
HINOKI ” 0.41 6 : 4 | ’”
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TAMO ” 0. 56 10 } | 667 Y
Prunus o | } 1‘ /
SAK URA Tin]her : ” 0 bd ‘i JO s ;‘ 7
1 hujopsis q | ”
HIBA ; w 0.43 | 6 4 e
” ' 1.0 Ve j 2~3 , 2 ”
. Va
” 0.5 N 1 | 7
! 1 , ”
” i 0.2 ” ‘ 0.5~1 ;0.4 ) ”
! ! 3 '
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HINOKI : . . i . | 0. | s %,, 0. S
oy s | i h=6.67
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Fagus { : . : 26~20°C, 202,~807;
BUNA | 0154 0.56 0.5 £ 0.52 0.1~2. 5 s
i | V4 .
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for lauaan plywood ha = 1-2

for birk plywood ha

I
>
7

N

and the value of A« calculated from 2 = 6,67 are

for launaan plywood ha = 6,67x0.23 1.53

.67x0,16 = 1,07

for birk plywood ha =

(o3}

!
i

Undoubtly, the values of h#a of both cases have a good agreement.
Table 5 shows summarily the values of 4Za on timber, veneer, and plywood. As

obvious from the table, ha obtained from the minimum value of coefficient of variation
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Fig. 37 Relation of the drying diffusion constant to the
drying conditions (Betula-, Shorea-plywood .
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of K,, ha obtained from the moisture gradient and %a of veneer and plywood which
calculated from /% of timber coincide well each other. From this fact it seems that in
hygroscopic range the value of % varies somewhat with wood species (ka is smaller in
light wood and larger in heavy one, so the moisture gradient becomes gentler in former
and steeper in latter) but does not vary with the thickness of wood and the drying
conditions in the exteﬁt of experiment, and even in plywood which has a few glue lines 2
does not vary with above factors.

- Fig. 37 shows the relation between K calculated from the above value of %a and the
drying condition and in Fig. 33 the values converted for thickness are shown, namely
the influence of the drying conditions on the drying diffusion constant in plywood is
similar to that in timber and veneer, but it seems that the absolute value of K is some-

what smaller in plywood than in timber or veneer by the presence of glue lines.

Summary

In drying of wood the differential equation similar to the heat conduction equation is not
always adaptable to explain the moisture movement through wood, however, it is often
used for the convenience that (1) it represents directly the moisture content (2) the other
equations can not be connected directly with the relative humidity and the veloci-
ty of drying air, but it can be easily connected with them (3) at least from 30- 10 9%
moisture content it coincides well with the drying process (4) it is convenient for the
calculation of the drying time and the moisture gradient.

At the above mentionel standpoint, the present author treated of the differential
equation and obtained the relations of the drying constant to the drying conditions.

1. Under the assumpfion that the coefficient of the differential equation i. e. drying
diffusion constant K is constant, the solutions were obtained in steady drying condition
and in confined unsteady drying condition,

2. In high moisture range, the differential equation can not be used generally, howe-
ver, in hygroscopic range it coincides well with the drying process.

3. According to the drying process and the moisture gradient in hygroscopic range,
drying diffusion constant K and the coefficient of surface evaporation a are independent
upon the moisture content of wood both in the transverse direction and in the longitudi-
nal direction, and the moisture content at the wood surface is always higher a little than

the equilibrium moisture content of the drying air, and the drying proceeds under the
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correlation between the surface evaporation by this moisture difference and the internal
diffusion.

4. 1In the transverse direction the value of K and a decrease somewhat with decrea-
sing of thickness of wood in the extent below 1cm thick and in the longitudinal direction
they decreasé similary in the extent below 4 cm thick. It may be caused by the existence
of the thin anomalous layer at the wood surface, but the value of the coefficient becomes
constant over the above mentioned thickness because the thin layer does not influence in
practice. ]

5. The relation of the drying air conditions to drying coefficent K and « was sear-
ched by the drying data of veneer and this was converted to the value of timber. The
value of K and « increase as a exponential function of absolute temperature and decreases
inverse proportionally with increase of the relative humidity as similar as the general
diffusion coefficient. The influence of the air velocity # on K and « is quite slight in the
extent of # = 0.5-2.0 m/s and K and « are nearly proportional to #%3-%%

The value of K thus obtained are larger a little than the value determined by the
assumption that the surface moisture content of wood conforms to the equilibrium mois-
ture content of the drying air in hygroscopic range, but, for reference, they are shown in
comparison with the value calculated by Stamm and KroLi.

6. In drying of veneer the constant rate of drying takes place until near the fiber
saturation point in practice and therefore the relation between the constant drying rate
and the drying condition was searched.

7. The drying process of plywood coincides well with the differential equation, but
the drying constant is somewhat smaller than that of veneer and timber. It may be

caused by the existence of the glue lines.
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