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b % | # @ |sp |2 | BE I BRI B 2 i #
Type Species | gr. | Thick.| Temp.| Wet. bulb. dep. il Remarke
glem®l _cm °C °C
e 7 F D ORI
Eﬁiﬁﬁil%ﬁ Beech 0.65 l 2.25 60 5 15 20, 25 ﬁgrt(woz% (%il)ooring)
o | 7.7 SIH GRAURR)

circulation Beech 0.60| 2.25 60 3, 5 10, 15, 25 Sap wood (Flooring)

1F 7T 0.54‘ 2.25 60 |3, 5 10, 15, 20 ‘gpﬁvwd

Beech
e 7 F R
éﬁﬁlﬁﬁﬁ%ﬁ Beech | 0+65 | 2.25 60 |5, 10, 15, 25 Heart wood
circulation | 7 7 hEH, KRR
Oak 0.60 | 2.0 60 2,5, 10, 15, 20, 25 Quartersawed, Flooring
F 7 W H, IR
Oak 0.60 2.8 60 2 5 10, 15, 20 Plainsawed, Inch board
100 T ; o
80 ! = . ' BB AT ' '
6O : ] | e 7T BRI NATURAL cmcu.nﬂ .
SO - 18 1 FORCFDCR, Ao 77 AmeRroRceD CRcw )
E 4 (N o B8 8 NATURLCR] 0 o 73 . @& (FLOORING)
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% 10 \ - 6 S e Y o —=q°
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[Py - AN = / 1F PN
83 4\ > St 4 [ L] : i
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Hs \ N\, N o
o ? 2 2
[T
. \, 1 , . , . p 0 510 1 20 B
78, N o . D
o™ 20 40 €0 80 W0 120 M0 Te* 2L HARE A0 (C)
8 B TIME (hr) WET BULB DEPRESSION
Fig. 4 HHEKETH bbb LicEEER Fig. 5 E%?}_ﬁiﬁ- HHEREZE CRD:
Drying courses of board expressed K BB BERIEEZE & OBR
by free moisture content Relation between K;-values obtained

in natural- and forced-circulation-kiln
and wet bulb depression
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Table 3. {HE 50°C, HBREEX 10°C © Ks #&#EL L
FERHCICCTHBEREK
Coefficients to obtain Kj-value of various conditions, which were calculated
on the basis of that of temperature 50°C and wet bulb depression 10°C

Wet bulb dep. Temp. °C 40 50 60 70
9=SOQC’KZO=IOOC o.95 0 1.12 1.31 1.50

2.5 3.5 X107 0.55 0.66 0.77 0.87

5 4.2 0.65 0.79 0.93 - 1.06

10 5.3 0.83 1.00 1.17 1.34

15 6.0 0.94 1.13 1.32 1.52

20 6.2 0.97 1.17 1.37 1.57

25 5.9 0.92 1.11 1.30 1.49
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Chart of conversion coefficient of K, for B 50°C, EBEREEZ 10°C OfEY
drying condition } . )
K=a x K,, where K,=moisture conductivity at B LTibo HHE, REREEZC
temperature of 50°C. wet bulb depression 7‘:L\L’C"§%Kﬁﬁ@f?% r3mrL

of 10°C, and thickness of 1.0 cm )
foo b H A DBBILSHROBTE

IOTELERIEZIBRETHA 54, BECKWCERSEEETE, LRRREZC L OTRETS
ik, COREEFIHTS LR L,

2.5 ERBEOKFEEEDE

8 2 BREIRC RN TE, FOMMIEKE wne, BRECHIET BFHEIREK ue, Ko Ol &%
o, ERERIERT B X5 IKKD (6.5 RTRIN%,

O oo

AU (@

)Um ...................................... (2.3)

LR BDT, GEEELY ST, K OERHBCRD S EHNTE, ThEFMT2HERRDTE
FHE L DX ANCHIETH S, BHRPITE TS Offffic oV THRE 60°C, HEHREEZE 25°C, F#E
0.75 mfs D & T, TWEKE 30~40% (EX 2~3cm) OMFEEZHE S TERBY OFERBERDI,
ChHOERC O TERD BRPEREOMEEFHEL, IHES 1.0em, JRE 50°C, HZBREEZE
10°C D% L CEBER e S MR DK AMEEE A ke Tab. 4 TR LI,
FCRIARMEEEE & LT ORBRIC DL TREE LY, ZOBALIRIFRGTRNOEE Y v, TE
50°C, HIBEHRIEEE 10°C DEHTHUEI NI DTH b, THIC LD TRDAHKER, X HIC STamm'®
FHE o TR HiIFR & > T Fig. 7 KR L1

T S IRDIFERIIBREC X A HESA B U B L, WEMC IR Y D7 Y235 bh, &5 THE
MR TR T LIXTERVWE 5 THBHA, AL LT Stavm DROF AL hEELTHB L)
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Table 4. % # & o KH
Ko-values of various species

R
(HEaK * & E X [KomEE K, 38 &
) i 5% Ik K
I3) Specific | Thick- | Moisture | (50°C,
Drying | gravity ness conduc- [10°C dep.)| Mean
Species rate at 5% tivity
free m.c. .
%/[h glem? cm cm?[h cm?h cm?lh
X 1072 X 1072 X10-2
i 7 Z 0.260 0.31 2.17 1.69 1.30 1.18
Chamaecyparis pisifera 0.210 0.33 2.17 1.36 1.05 :
ES =z = 0.210 0.32 2.15 1.34 1.03 .24
Thuja standishi 0.294 0.32 2.16 1.89 1.45 :
A 7+ =3 0.256 0.36 2.16 1.64 1.26 1.30
Thujopsis dolabrata 0.261 0.36 2.20 1.73 1.33 :
b F < b4 0.415 0.37 2.12 2.58 1.99 1.04
Abies Mayriana 0.355 0.36 2.11 2.19 1.69 :
b v | . 0.353 0.38 2.20 2.33 1.79 1.79
Picea jezoensis var. hondoensis|  0.366 0.38 2.28 2.33 1.79 :

ERE A e S 0.366 0.39 2.17 2.37 1.82 .77
Sciadopitys verticillata 0.338 0.38 2.20 2.24 1.72 :
T7AEY FF=Y 0.385 0.39 2.20 2.41 1.85 1.87
Abies Mariesii 0.365 0.41 2.23 2.46 1.89 :
|3 / * 0.225 0.40 2.15 1.44 1.11 1.12
Chamaecyparis obtusa 0.230 0.41 2.15 1.46 1.12 :
x g 0.335 0.38 2.19 2.19 1.69 1.67
Abies firma 0.335 0.40 2.15 2.13 1.64 -6/
e Y € 3 0.337 0.40 2.23 2.27 1.75 1.89
Picea polita 0.395 0.40 2.22 2.64 2.03 :
7= = 0.326 0.41 2.23 2.20 1.69 1.66
Picea Glehnii 0.314 0.41 2.29 2.20 1.69 ‘
ES Va ~ v 0.388 0.41 2.26 2.32 1.79 1.91
Picea jezoensis 0.380 0.42 2.28 2.64 2.03 :
L e 0.215 0.44 2.24 1.22 0.938 0.90
Pinus parviflora 0.160 0.43 2.28 1.11 0.854 :
v o 0.300 0.46 2.24 2.03 1.56 153
Tsuga Sieboldii 0.300 0.47 2.18 1.95 1.50 :
1 Z ~-T: 3 0.281 0.46 2.19 1.84 1.42 1.28
Picea bicolor 0.256 0.48 2.10 1.47 1.13 :
bl Z < b4 . 0.230 0.49 2.18 1.50 1.15 1.23
Larix Kaempferi 0.262 0.49 2.16 1.69 1.30 :

71 < v 0.268 0.51 2.17 - 1.74 1.34 1.25
Pinus densiflora 0.224 0.50 2.21 1.49 1.15 :

7 1] < P4 0.230 0.52 2.27 1.59 1.22 1.31
Pinus Thunbergii 0.274 0.49 2.20 1.81 1.39 :
* . ) 0.491 0.26 1.96 2.73 2.10 2.10
Paulownia tomentosa : . . : : :

F e s 0.297 0.32 2.21 1.98 1.52 75
Populus Maximowiczii 0.380 0.32 2.23 2.57 1.98 .
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Table 4. (->3%)
IR '
(HE&K & & B X |KoEEE K, ¥ E
i3] i R 5% 1L K
3) Specific | Thick- |Moisture | (5°C,
Drying gravity ness conduc- {10°C dep.| Mean
Species rate at 5% tivity
free m.c. .
%h glem? cm cmi/h cm?lh cm?®lh
X 107Y X107% X 1072
Sy oa v F F 0.176 0.37 2.23 1.19 0.915 0.82
Salix Bakko 0.141 0.35 2.20 0.932 0.717 .
+ v A ‘.‘/_‘)‘ /_=F 0.390 0.38 2.16 2.50 1.92 1.87
Tilia Miyabei 0.370 0.39 2.15 2.36 1.82 :
IS * . / ¥ 0.200 0.44 2.21 1.33 1.02 1.05
Magnolia obovata 0.210 0.45 2.22 1.40 1.08 :
+ v s o 3 0.236 0.45 2.14 1.49 1.15 1.14
Pterocarya rhoifolia 0.229 0.45 2.14 1.45 1.12 :

A R4 7_ . 0.142 0.46 2.20 0.94 0.722 0.70
Cercidiphyllum japonicum 0.136 0.47 2.19 0.89 0.685 '
O A A 0.270 0.47 1.89 1.42 1.09 1.27
Tilia japonica 0.350 0.47 1.91 1.88 1.45 )
€ v/ F 0.278 0.49 2.22 1.86 -+ 1.43 1.45
Kalopanax ricinifolium 0.280 0.47 2.25 1.91 1.47 *
* = 7 3 0.230 0.52 2.27 1.59 1.22 1.20
Juglans Sieboldiana 0.225 0.49 2.25 1.53 1.18 )

7 _h H % 0.140 0.53 2.11 0.86 0.664 0.81
Ulmus japonica 0.195 0.52 2.14 1.23 0.946 )
v E b . 0.183 0.53 2.16 1.18 0.908 0.90
Fraxinus commemoralis 0.170 0.51 2.23 1.15 0.885 :

k Ea / "‘—\" 0.205 0.55 2.21 1.26 0.970 1.14
Aesculus turbinata 0.252 0.54 2.23 1.70 1.31 :
Y ¥ & 3 . 0.148 0.59 2.27 1.02 0.785 0.77
Fraxinus mandshuvrica 0.150 0.60 2.19 0.986 0.758 :

0.205 0.61 2.17 1.33 1.02
14 8 % Hh =7 0.225 0.61 2.20 1.48 1.14 1.18
Acer pictum subvar. 0.242 0.63 2.22 1.66 . 1.28 :
0.225 0.69 2.31 1.60 1.23
. 7 0.495 0.66 0.625 0.50 0.386 0.50
Quercus crispula 0.765 0.67 0.630 0.78 0.605 :

&5 b, MEERAR TR Ko OERRCHER W L T—RIEWERZY 5 X Twb, &
NUTRER L BB ERBEEE 25°C THOed TR b Bbh, IERLLKMEEEDHK
KHEMTE LV 2 5 DIFRBIE L RIC LTV BB ThH 52, BEOME KT S i TE L5,

VTR LTH RSB T 2 2 bOERL2L BRI TWEWDT, Z ZrRDEfEZ—2DR

ErekbrdborBbhs,

¥re, BRCET BRMAWET kR B LT ORRCH ST, SERORMEREY, BR
FEBEF R SRHERFAANBTIN D Tod, KOEEEDOMES Tab. 4 IR LEEHIRE TRd D
DBHLABELTWAD DLV XY,
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Relationship between K, and specific gravity

3. KHMEHE & HBAE OB

0%u

KFORBIRR = KTE ki 2RMK (KA EEE) BTORENDHELIRL K

K=100

A
Yo

el A=K REL ro=HE

THEbEINDY, LENDT, KOGREELHRE L O Eiaiul IRt e BHIh 333 Th
Do S0 X5 LTHE S KERMOMES, 1% LT < SUEICEIRIC X Tk e ik R D%l
By, ¥OX35BECHAMERI L TR biv, L B.1) XOBRHIERINC b HEE
SRBIbIE KRN L MR ORERITIATTE L 76 5 b CRIICIESE 3 2L DT, &
DEREKE TRBONLERERC L OTRE L TARS,

3.1 LEREBDfE

PR A OREEC DN TUXT TS L, MBI Pb(NOy): & KBr &AW, b/ FgD
WCEBRE R, AEOHOARRYE B3k IORER S 5EBBCELTLRELTERY,
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Table 5. 3K # B W & & R

Diffusion coefficients A, measured

N D -
WE | B x| B @R | e DR
f ® w e T Sp. | Thick- |Amount of] ];:)gluul;' iff. coef. | ¥l
Species Sawed face Gr. | ness mmstuge moisture Mean
move content A Ao
glem?| cm glh %
X 1074 x10°*
$7 /N3 B #if bastard sawn| 0.30 | 0.25 0.073 2.9 0.62 | 0.99 X 1074
Pterocarya | & #E ” 0.29 | 0.24 | 0.075 2.7 0.67 |1.08| 1.03
rhoifolia |8 K ” 0.30! 0.25 | 0.075 3.1 0.63 | 1.01
7; 7{ x g @ 4T bastard sawn| 0.35| 0.25 | 0.0725 3.2 0.57 | 0.91
Abies B ” 0.35| 0.25 | 0.074 3.0 0.62 | 0.99 | 0.98
Marivsii |8 iE ” 0.36 | 0.25 | 0.076 2.8 0.66 | 1.05
= ¥ | % H flat grained | 0.33 | 0.26 | 0.0835 2.2 1.00 | 1.59
Crypto- |# - H ” 0.30 | 0.26 | 0.071 1.6 1.18 | 1.88 |} 1.63
meria ) H ” 0.31 0.25 0.057 1.7 0.89 1.42
japonica | UHWEH ~ (Heart) | 0.35 | 0.27 0.060 4.5 0.36 | 0.57 [* 0.57
v % HE H edge-grained 0.26 0.102 6.0 0.45 | 0.71
HiE | ” 0.24 | 0.113 6.0 0.45 | 0.72 |} 0.68
Chamaecy-
! #iE H ” 0.24 | 0.093 6.0 0.38 | 0.61
f;)‘;"s #  H flat-grained 0.26 | 0.082 6.2 0.35 | 0.56 } 0.55
ovtusé g g ” 0.25 | 0.084 6.2 0.33 | 0.53 :
7 v |38 KF bastard sawn | 0.49 | 0.24 0.065 2.1 0.75 | 1.21
Castanea |&  #iF 7 0.51 { 0.25 | 0.0725 3.0 0.61 | 0.97 |} 1.08
crenata B HE ” 0.49 0.24 0.0775 2.8 0.65 1.05
o 4 ¥ |3  #F bastard sawn| 0.56 | 0.26 | 0.0675 3.2 0.55 | 0.87
Fraxinus |8  #i ” 0.56 | 0.25 | 0.069 2.3 0.76 | 1.22 |} 0.95
spethiana |8 - #i ” 0.55 | 0.26 | 0.0665 3.6 0.47 | 0.75
|
- + | 0##R E plainsawed | 0.58 | 0.25 | 0.049 3.0 0.41 | 0.66 |
Fagus | DHH ” 0.58 | 0.25 | 0.051 3.2 0.41 | 0.66 |f 0.66
arenata | UM H ” 0.60 | 0.24 | 0.050 3.0 0.41 | 0.66 J
. 5 | LM E plainsawed | 0.60 | 0.26 | 0.046 3.1 0.38 | 0.60 }0 57
Quercus | U H ” 0.64 | 0.25 | 0.045 3.4 0.33 | 0.53 :
mongolica | UFHH ” 0.46 | 0.26 0.051 2.3 0.64 | 1.02| 1.02
I X 2|8 fF bastard sawn | 0.67 0.25 0.067 2.8 0.61 0.97 } 0.95
Betula |8  #F ” 0.69 | 0.25 0.065 2.9 0.59 | 0.94 :
carpinifolia | &8 HE ” 0.68 | 0.25 | 0.0675 3.7 0.49
;f /f Y% |# i bastard sawn | 0.96 | 0.27 | 0.0235 5.4 0.12 | 0.19
Betula |& ML ” 0.96 | 0.27 | 0.0290 6.0 0.14 | 0.22 (¢ 0.20
Schmidiii | & HE ” 0.99 | 0.27 | 0.0235 5.4 0.12 | 0.19
A7 7 | #HRH plainsawed | 0.48 | 0.80 | 0.0367 5.9 0.50 | 0.55
Cercidy- | Foptig B ” 0.50 | 0.80 | 0.0427 6.2 0.55 | 0.60 |} 0.61
phyllum | SR 5 y 0.51 | 0.79 | 0.0544 7.0 | 0.61 |0.68]
japonicum | "™ 7 : : . : . .
L#HH5 B plainsawed | 0.56 | 1.01 0.0452 7.6 0.60
7 + | LR E ” 0.56 | 1.00 0.0456 8.6 0.53 |} 0.56
Fagus | LMK HE ” 0.56 | 1.00 | 0.0449 8.1 0.56
crenata | DA H ” 0.51 | 1.00 0.0732 6.5 1.12 } 1.06
DR H ” 0.52 | 1.00 0.0662 6.6 1.00 :
LM H plainsawed | 0.60 | 1.01 0.0377 6.0 0.64 ] .
5 5 | L H ” 0.66 | 1.01 0.0338 6.1 0.56 |} 0.59
Quercus WYy e ” 0.67 | 1.00 0.035 6.2 0.57
moneolica | DPHEF quarter sawed | 0.72 | 1.0l 0.0262 6.8 0.39
4 OFHEE H ” 0.72| 1.0l 0.0287 6.3 0.46 [} 0.43
LHEE B ” 0.71 | 1.01 0.0271 6.2 0.44
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diffusion coefficient Ao at thickness of 1.0 cm

AEOEAAHE TS 2 LIXENS TRV S Lsws, LnTuxiE, WEOKE (/5@ & A~l,
BLTIILBDL5ThD, O LT 2.5 KETHAHEL K fit OBREIAKTHY, KIO

T E R A-fE,

FHARKELWIRFTIARATAHI EIETERL, FOMOHEMHEK X5

SEREDNEWDE /I LR LB D LEZ DR, SHOPIICE i hilisbigvy,

3.2 LHAKOTEIE L RAE L D&

KOEHEEK DL, TTRRRZI I, #2BEEROBRMCE T, HBOEX, RE, BE
REEE, Bl X OERLtc I oTERIN, KEREAOED $/, HEOEX, ¥HEKR, |
i Y ORI I OTHEINRD, L2 T, ZOMEXRETSHETR, FIMbhcionT 44
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REBEML L XALLTHZ L 2ER LI bV, L L, KOMGEEDEIRBREEZED
EME N TKEL e BERD LR LD bR, IBRROME 2 AHOBKEZ, Wb 2 % LBRE
BEOENRELEDTHIRLALEDLLEVWLITHD, TOHRK & A LOBRII,R Y Rin oA
NHrdbhb, Fh, HOEIPRELLEORKMCIWTHHEORED K-HL rA{H: TIILTL
BALLIIWZ VKRB D B, LD T, ThZhAROERIC Lo TRDIHE, KOGEERE LK
MR OELE, #He G.1) ROBRELHD LINELRVWZ LR b, TTRELhCHERYFIAL
T, TDZLERDOWTDRBRRF RSB,

(1) 77, 77 DK, NEEWAWHORBREEE CEEIE TKFBEEELRDI, Thbo

Table 6. [F—¥kHe V7oL & DINBREOFH ML & RRIED LK

Comparison of diffusion coefficient A obtained in calculation with that
measured in the case the same materials were used

BB X | KSEHEE | & ::¢ A A
1531 & B EXx Moisture cal. ° A
Wet bulb |conductivity| Specific "):”'
. A . .
Species q)eé). Ko( cr:z ) graz)nty glemehe% glemehe%
+ 7 #t H 2.0 2.4X%X10°3 0.72 0.17X10°* 0.43
Quercus 5.0 2.9 » ” .0.21 »# 0.4X10°* 0.52
mongolica 10.0 3.3 »# ” 0.24 »# 0.60
+ 7 W H 2.0 2.6 7 0.66 0.17X10"* 0.30
Quercus 5.0 4.2 7 ” 0.28 » 0.56%10"* 0.50
mongolica 10.0 4.0 »# ” 0.26 7 0.46
7 > 5.0 2.1x10°® 0.51 LIX107* |l oo 1.0
Fagus crenata 10.0 2.7 ” 1.4 » f-e 1.3
HhoYF "
. g 5.0 . ” 0.50 0.7X10 1.3
Cercidiphllum } 0.55X107*
japonicum 10.0 1.6 » ” 0.8 7»# 1.5
Table 7. ZBIEIKBRBOHE & SEHIMED K
Comparison of diffusion coefficient A, experimented with that
calculated by moisture conductivity and specific gravity
KROEEE | K H
L} L Moisture Specific Aeat. o £ = Acal.
Species c%d&%;}’hl;y grazxty glemehe% | glcmehe% Ao
S ;chf;iéfii" 6.0X10° 1.0 0.6X10* | 0.2x10"* 3.0
7 +
Fagus crenata 8.0 » 0.61 0.49 » 0.66 7 0.82
A ¥
Cryptomeria japonica 14.0 » 0.43 0.60 » 1.63 7 2.7
ghamaecy;aris obt;\;a 19.5 » 0.45 0.88 ~ | 0.68 ~» 1.3
}',’tmfmryfl rh/;'foli:a 19.2 » 0.30 0.57 » | 1.08 ~» 0.55
T e Mupisit 17.5 »# 0.35 0.61 » | 0.98 » 0.63
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YL bEBREEZE, 2 5 HIW 10°C RIWT3KSMEEEDERZX LY, EX 1.0em DfEicik
HL, RE*REU CHERC X 2KMIKERE Acer. BRDA, FLRRUHBEZAGT 3.1 RRLCREER
DFEIC LoT (EEIIE Pb(NOy): & KBr %) KOTEEE 2o 2RHT (BEX 1.0em) Zh
H% Tab. 6 KIRLA, THERDE, Acaz. 28 2o KIFIEEVDI DI DL, i hidichTh53
DEdb, ZOBE, Ko DEREBREEEZC X OTRLOKLBERTFLTWBDT, FOHKTZ4M
CEDOT & 1.0 KEL BiRY, Xichd T35, HHCHETIRELRDTE, TRTOHAI
Neaz. & Mo EREHETHI LV DTHB,

(2) (2.5) TRDLDHWDHIHEOKIRHEN LLNEHOLE X R U T KRR O M
Aear. & (3.1) TORIZZHLEEIC T BKRSTEARE A-fEL LB LT Tab. 7 KR L%, Thi
AZTh, IAHKELLEDDIINE, EELEVDIDOIS\, TOBFATEOERTIIFE U Ha Fu
THEVDT, ZhbrhiRT 5 LSV EERD S,

TRD DR DI, K=100r"—o DEIEMNERINCRILT B LIT - aie <, Tt R LT
OB LABRLVHLE SR L. LD T, KBRS SHETKIMGEERRD B & L id—i
KR EbLDTEEND Y, BHEHTRRLAVSHEOKAMREE K OfEIi, A OECHEZRERCAD
DT, KAGEELLE AL ERIOCRDIEL A, Lovd, T0:2OHROVE, EREMHC
J& U CTIRE L TR i il e Big, ’

4. B R ¥ B

4.1 [ERFRERDITHER
EREZRC BT 5 FEEKEK L LM L OBRIIKR TERbIN 5D, ZORIWH it LT
BB TH Db ECIIERER YR TAL LTREL TR L 2O,

2 2 - = *
u,,L=uo+At+—K4l—(—%+ % e K‘(l)t) ................... eeeeas (4.1

L LZORDEREREZE LR TIoDIIT e DIHADER Ko -t 2 t TIGLTERTHOTL v
LOLARENBD, ZOFHBIL, KOEN I OTEHLATRERbRVWZ L), WThic
LTh, ZORMNERGEEALRDLTRERRTIRIL, SLOEENLIRIOT, HYALRNL W Z ik
T\,

— IR EREROMICH OREL O dt BREICERTIKSRE dw X, ZRFEORE, REBREEZ
FENRFR 0°C, a0°C, Z D XDOKHERREE ko (glem?~h-°C) L3hid,

[w[=2AKk00A0edE coooveiiiiii ittt (4.2)
(2L A=%RMER (cm®)
TEbIN, TOBEEKRTHLHTL

|du|=199.-_%_-ko-Ao.dt

Yo

(272U ro=H#sELE (glem®), I=E X (cm))
Lieho LI DTRMOEKED, % b usl ¥ THBETHOR ¢t BREELLLTHE, &
DEFRIZKRATRI N,
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u,,—ub=lr‘1£-—§—-kaoao-t ............................ (4.4)
HERFOMLAL, < OMMOBRPTERTEL DA THET 5 C 22 TE 5.

L LEREIRIEE 4 KRS WHERRCETT5 2 THIET 5 L0 L B2 bh, oMM (1) %
HETDLEN DD, CORDIIL, RESKEOETREE M LT HIER B,
RESKROETIC LTS, KHKRIHOEREC IS\ THIcbh 50T, KIS ORELTRTR L
LT () REALBCTELINB LD L BbI G, WERACKT 54 KEOEFILOVWTOREL
Ta B, BKKROSHIMERER LT oTW2BAEL, AHPOKS OEENEBAOK LR U S
TR bR b0 L AR SR B, ERTERIhLNE DL, AMBOASBIL, ThHTEL P
< £ ARE, LER SN BRI NE LRE~BHT 5 L Bbhb, LaL, EECEC OHikIR
EbDHTECEDOTHY, MHPOKIBHEL, &5 TOEREISOERBCEHTAZLRITET, #
DHFIL, WHUB LWKGEFBOET B EAELBRD, L oT, & OHiFOFHEKROK
Tk, (4.9) RTRbIIBH, REOSKRETIZINE Db DIZF L e bt bisu, L
P LEESKEDETEELHBATL, ZORKL ERTLBRFITRCAL L > KEMShich
e bF, ZORMED TR UMETRIER b\, RESKROETIE, FEHSKRET L vEsE
KEVODT, ZOHSFEHITHIL, ThBEDORTFOEMICE HLRAADREEERIC Iicdulic b
HWEEX B, ZORTYES LIeRDThi, $iobb, < OMEICECTERT IR, i
LABMPIIGDOTWBHBEARHOKS LAREN, Zhhib X5 YEELEDL ER, KM OZEX
BERD LRERCHE S LMRIND, Thdx, ERPEGOREEKRIETOET 2% % 5HETHOE
23, EROHO—FE»HOIF RIS L LT, KOES 2 ThT, £05bb L5 ERBROK
DOWIHLETAHEIT, AOEI LI I TV OLEHEIND, & ZEIHLHEE 8(<1.0)
BRETHIE, 81 TH2 bR HES AMERERIEHOROE SIS T 5 2 BRT 5 2 L2 TE B,
L7choT, REEKE u DETIE 4.4) ROH Y RKRADBEATHLEEZ DN S,

tsa—thes =200 ¢ 2 B AB e it (4.5)
%o Bl

LALT, 20 B DEIXKETHERS DL ERIC I D TRDHZ LN TES,

4.2 EEHELFEE “B” [cDL T

Z DEBDER D 5 1eDICiE, EREHFEOTTATHBHICONWT, EEAKROETTHHEEYE
BERETALERD B, THhIEBRE, XhdTEERZ L Thb,

ThiEhbdHEE LTEL BRSO, EREHIET LTHRROBRRICIIV 5 & RE SRR i
FRMEANTER Y, REBCRE VT, NI TEDDT, ZOBKERE LI HIHETHB, Ok
L EOTHEEHOIL ¥ 5M 2 ms 2 L8 TEE, EXERC KT H2EEEKRIL, SHEETET
THEEZLNBDT, REAKROETERLRDBZ LNTELXTTHD, ZOLDRROERE
RAAET, B OEERDI,

4.2.1 EBUHE .

EREEL, Fig 10105 L2 & <, MUOEREGS (I 40 x40 x40(em)) Ohic, < 10X
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10 Cem) TEZX 2, 4em OFE—HE»B &2
T2 @R VT, BE 50°C, #iE
HREEZE 10°C D&M TERBE I, KKk
LY, 1 oDHRF CTEROHAEE X Rk
CREDIFHAREZIE Uit hidis bisy
A, THIXEETHZ ENTELVED, &
DOEELXFEOBR L L, TEXA1EDIRA
CHRAZRLOL5RAUMHE»GRE L, AL
CABLIDDERZDAN, T0 1 HOHER
FERRFR 2% L TERDOEAZEZ
EL, OBRAEEORELC 2 MEBRL

LV{ ’ N
\x“ w8 “ '
Fig. 10 B-ENEEREEE

Experimental apparatus of measuring 8-value

TEREREO# 7 ARICEST, &0 2 SME
HERKEEE 1/20 mm DTS CT—ERMC & N e
CRE L, IO L ¥ BHIARDI, chi RS s
80010400 AN %
FRIC, MROBRHNC e % & H O RERES L5 ' N s, \
THDT, HORERE L BRRE L OELNE “ﬁn >
. B ® ¥
LCERERORI L MBBE L Lic, g SRFICE TEWERITAE 5*an
£ 79g——* Er 320 %
BRI THH2, SHIRRILWRT, 2 |k ‘\Y: Se | 28
- L = & :g b
TEBRGEKELHE L, RROEMCAHN  §F |2y \\\j§ y
> [ - < o] in:§ x
HORENERT BB ORE50°C KB ET, g%%émﬁwmmmeW oo
50°C &0 eeBOIKICURTIE, KRS 5 | - AR - . N
r AR EREROBRICIIV RS L 5 ICERL \\\
1o 7941 \ 14150
ok Z OERICHAWEEE, b7 \\\‘
TRA, b, AF, 1&2¥h=5, »Y 7
ZIeOVTE 1A ORH T, 79200 s , 0

: : 3 B
4.2.2 EHEER E?IME £)

BEM OFHERROBAEMR, REKET S
2 EARBERE O L X O BRIRE L M OXRER
E L DEORBN L DO—fl% Fig. 11 LR L1,
Thickse, BAMORIBIVREZRD b

Fig. 11 #&, SExHES KERELZORL

Variation of weight, distance between two

marks and surface temperature with time,
dry bulb 50°C, wet bulb 46°C,
Beech, sapwood plainsawed of 4 em thick

LA H BIEH (B R —ETH B, TheTEsL, BEL LA RBPTEORRLDE
N, EREES DBEEREA~BTTANAL X HRT B L TR e, EABEARMBEROE LB DL
HERED LA TH0 L, BEOCL—KLTHW203RDbh%, ANKCHWT, EHECIHER
DR E AR —E ThH DT, BT TRRTH bb SRR OBRIC /5 & IiE E H# 11C ]
L, Melilic i\ L 3 HEDOERTRINSDT, hb 2 BOLAcHET A7, ER HHE
BRATAMLAMIND, COL XORBEKELND L ) LRMMANS TS5 LEL OIS, MM
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RGEROWRIC LD P DL T—EE TR, BMEICL D Z 23D RIh T3, LAL,
T TR OMBER TR PRI HE % D BB I MEMAEDEKERY 30% THH LA LI, ¥
T FREBA L & ¥ OREAKRICONTE, AHPBICKA DAL, RESHHS 2 A—0
BKREEDOTVBLEEL, MHDOFBEKRELE DT, £DL FOREEKREZR LI, DX
RIREERHLDBE (4.DKE U R LD BOMEITKRD X 5 i RDd Bz 2 RTE D,

_ Ua—Up _ Au (4.6)

Usa — Usd AUy
Fot2 Uy tha="si, %252230% CREMERTFNAD
. up=usp B 30% Wigotct EOFHEKR
ZZ TR B ER—HELT Tab. 8 KRLE, Shickbl, 7HiiWwLTE 8=0.4 THH L
Zig¥H, L2 WMOBEIL, BERLEVWEIEbhs, LarL, BBy LcEES Z{Roh, =
BREED TLO T RV DITHEENLZ LIXER D 2 LIXTEV, Tab, 8 ORI EEKBRO—
BT &S, ORMECBT 5 TR TOMERSHRILE IR T3 L wblicd i bigl,

Table 8. B fE Ml & #& &
B-values obtained

71 -
wEN B K
WE | B s | &k | gw (EEHE K

No. | O M| Sp. | Thick- | moss. | pey | et | Perioa | & | & | 8 ¥
Species grv. | ness ture | bulb cll):l? of ::tréSt' Means
content pr.
glem®|  cm % °C °C hrs. % %
77,388,/ H
1 Beech, sapwood, | 0.63 2.0 120.0 | 50.0 | 10.0 5.0 | 35.4|90.0 | 0.39
plainsawed
7’7‘152#!&5
2 Beech, sapwood, | 0.635] 4.0 103.0 | 50.0 | 10.0 7.5 | 29.0|73.0 | 0.40
plainsawed

7’7_’{2%/[)“:&9
3 Beech, falseheart,| 0.63 5.0 100.0 | 50.0 | 10.0 7.0 | 20.0|70.0|0.29 | 0.39
plainsawed

77, Bt I E
4 Beech, falseheart,| 0.67 5.0 91.0 | 50.0 5.0 25.0 18.0 | 61.0 | 0.30
plainsawed

77,308 i H
5 Beech, sapwood, | 0.63 2.0 115.0 | 50.0 5.0 13.0 48.0 | 85.0 | 0.56
plainsawed

AF, A, E
Cryptomeria,
sapwood,
flatgrained

0.37 5.0 116.0 | 50.0 | 4.0 | 35.0 | 30.0 | 86.0| 0.35 | 0.35

7 Painted maple, | 0.59 2.0 125.0 | 50.0 5.0 21.5 80.5 | 95.0 | 0.83 | 0.83
sapwood, .
plainsawed

#7708 H
8 Katsura, sapwood,| 0.40 2.0 199.0 | 50.0 5.0 23.0 (129.0 |169.0 | 0.76 | 0.76
plainsawed
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4.3 EREROTERHONE
TEFEBRA LD, ERGRCET 5 HHAKEOETT 5812 (4.4 RTHLHh, REEKE

OFBL (4.5) RCHMBZLNTEBDT, ThbOXR TEREREL R THHEARD LN,
Ltﬂot,if(L@ﬁf%ﬁ%*%ﬂﬁﬁﬁﬂﬁmé?bifoﬁﬁ,T&b%ﬁ%ﬁﬁ%%?%
B3R, DOWT (4.4) RiC LT OWMCIET 5 BKREXRD B &, ThaERZRKRIAOGKEK L
bl Thb,
¥ R TR ORM OKS S HF—RC KR TRb I h, RESR LUHLROGKE L FHEK
KL OMICIKROBRICH D LA LD DDOT, BREEKMOFEEKRE w, 2L, POHEK

BE@MB LI TEXD,

L, u.=rpLIOSKR, ur=ERERROREEKR (30%)

EREROFTERENL, ERO L5 @.4)RE @5 XREACTHERC X2 TRDON DY, AN
LIRS TH B DT, Fig. 12 #ERLCEHOECH Lz, ZOREL, *TREAKEI BRI
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Fig. 12 EREHOFERM L PHEKRL OHARE
Calculating chart of time in constant rate of drying and mean
moisture content at the end of constant rate of drying




Fig. 13 SPHEKE, REEKE,
PO EIKREDOBKE
Nomograph of mean-, surface- and
center-moisture content

HERBBBIERE

#1117 &

Rics ¥ CORMYRZBREEZE a0, HREXR
R ke, HERIVEZ (8D rrIAFCE
B L TR, DT DM 5 FEaKkR
EHI) LI L BDORRE~NTHDZ LNTE
%o

Elz, DL EFORLEKREKL L7 A TRD
Bhant, Fig. 13 OFFRELALLS L & b
fHETH b

5. BB KR

5.1 85 1 MPEHBERDITHER

58 1 BRERIC KT 5 PHEKEOBA R
TCRBMEGE LY, ZOBEOMITIN&E %
ERZBERWOKSSHREL L, RoObhcd
DThHB, L LATHITHRI & 5 CEREHEO
BBIIK IR RRD B3RD I b DITEY Tle

WEBHLNADT, T TREZDOMEZDE FFEHRTIC, MOHETRDIMEFIM LTt bi

W,

BIANCEE Lic & 5 WEREROKRITIX, hLMEKRELRDBIENTESLL, £DOL XDOEREEK
RTH L VHEMERATEICEL TS L AT ENTEBRDT, WML LTOKRS S F(x) 2R

DY THZLNTES,

FOO) = up+ (e — U STA—T % e (5.1)

l

2L, ur=REESKROBMERA, u. =P O KR

Fhebb, KOEETER %=K§T" AT

BREME  x=0 u=bect+tuc=u,=¢(t)
x=1 u=be ct+u.=u.=¢()
P& =0  u=F(x)=ur+(u.—ur)sin——z

l

ELT, TOMERDI, TOBBIIEMLRTHDH, & (156 B) KRl X 5K, TR ER
RIBEROKD D HERTRELT, ROZTL IR 2B LNTES,

WEAY
u=u.‘+{%(up~—ua) + (u,-—ur)} e ]‘2( J )‘- sin—7;—x ................ 5.3)

LichioT, FEHEKRIKRORXTHLb N, Thif I BREROMEYEL 2R L LTV 5,

u7u=%sz usdx

0
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=us+

8 {(u,vv — Ug) +—Z—(u,. - u;a)} e "Kg(%)zt ................ (5.4)

p
5.2 XEEKEORVER
(5.4) REBCTKRSEERE K. DELHHHINCWTHREEKELAIE, FHEKE L KO

BIRERDBZ ENTED, L L, —ROTEBRICE VT, 208 1 REREZHROKINL & 25RO

FEBPTHOT, FELTOHERERBOGKRCEL TV ONETH S, COHRTIIATRRC

BWIHEOGKRC ¥ CHBR IR BORETHHMERDD L THE D, F1HEZROZHLIC

W B EHEKRREMA S5 LTHZ LD, LA, COBRMOKRMCET 2 FEEKELMBZ &1

PDETHD, ZOLDHITIE, $1HREBEOHHD 5 bItREAKRIBHMEBTEL D LD L EORELR

BT 5 PR RRICET 2 F CORBML b hidie blcv .

ERFRE TORMEKROETIE (4.5) RTERbLIN DB LEBAREA, ZORDKRERE ke O

DI kp RAVBERDISEDENR DI LN TE B,

100 , 2 .,

Usa — Ush =
Yo Bl

BWREZRIC /N LT, BRERE Pr OBER VRS2 JSEMTED LI TTRBELL", &
DAY Z RSB ATIE, BREZBCEST HREGKEOETRBIKDO L S ekbEIn 5,

—u— 2. —pr
Us=UF Bl kp(Ap p;)t

nfrqu—m—nM

Fel2 L, ur=iERMARCET54KE

X CHER A0, EIHUMRKBOMETH D, = DETEREZRIC I TER LT 541,
ROMERDUTIIZIE Lo BER LT T bR ThH ok, LD TR ES U THRBRE
kw5 E, BV LTRELEEBRIADOITL %, Ticbb, KMOEREC KT HERENNR,
HOBHRIC LOTTELHRIN, 0L EORHIIEC CARELERELT THAHHTIIUR 8=
1.0 273 RETH Y, BEZROBRMCKWOIREOERABEMIZ O L5 IeRBIGEL a2 T\ B &
HigFTZLNTELDT, ZOFHERKDL B=1.0 L AL,

¥z, BREHE P 3Mc SHE L L 510, —RICKOBERIS M,

EHEEKBIKRD L CEDLTZENTED,

=t =200 o 2 Do D) e, (5.8)
Yo !
m
=ur—m(AP—aeV18) o i (.9

Lo, REDEKED ur b u, CETETTACETHRM 11,

Uu
s du
t = R e e S Y 5.10
S m(ap—pr) 5.10)

ur
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_ S""_ du
m(Ap—aeb"s)

Ur

I

(bCur — u) + log A;_p' ) (.11

1
meApeb
ThEZ OIS, HRTHLDOFENEZBNB L, TRRIGELT, ap, pr, m, b I EXBEAICIR B D
T, us &t OFARIIRD TR Z A TE B,

— 7% 1 BROBRMECKIT 2RESXKFL—RICHEBEMBOCHI LT, 2EZD L EOFRBRIET S

FHEKR ue KEETHLELZONABDT, KDX3RELTIENTES,

us=Ure ct+u,
Us=Upe-ct
el Ur=ur—ue

ZORBELDTHELERNTHY, 2V CHEZVAVADRER VL TR TEL Z LN TER
X, REGKROETERDB LEEFTHB, LA LD (5.8) R\ TEBRTREMBER X
OB EHEEL2DE us Lt LOBEFRERDBZLNTELDOT, ZOBKREY (6.12) RWVWHTEHE
THE, TROLOEBHELT, COMEkDTHL & LATED, Fig. 14 135 bOBRERCEL
LT CEXRDBEET, ZOEDPEMIEE 40~80°C OFRBEIET 5 HBREEZ 10°C 0L X
PRHEZ LD CETH Y, BRRREEECLWLTRETE, HORH T OEE S biIc, HECEL T

RDOLNB XS DTB, o &z,
+ — A@8(=10C)— —

SO__S0 S0 S0 S0 50 RN S TR LTH B0, RE 65°C,
| o \\\\ RBREEZE 5°C, LE 0.45, WOEX
' \“ 3.0cm KT BHIETE DL 2D C-ffik
[ \\\\ 0.36 Th B, & OREFMTIEEOH
‘545 \ WEEEZRD B LN TED,

2T, EREHET 5 CERRSE
FTrzenTENE (5.12) R koT
L DRI L ZREEKEDET T 558
EHEETHILNTELZ LIRS,

5.3 8 1 RRLBROERMOHE

Z DRSSV BT, RERKRH
MEMERIRI R D b X DR DR AT 2T
BPEEKRRICBET B ETOLDTHS
b, ZOFEEEZ (5.11) Ric XoT
RDBZLNTES, LLZOREA

b e . £ tem TEHET S LAMTH B DT, Fig.
T AT TR Ol 15 1 C O EREET L, < U HIE

C-value diagram for various
drying conditions 60°C, H.E 0.5, BEXI=2.0cm O\

WO~
Y
AW/ SOt
e
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o
Wit 1A



ARMERBRCBITAHE F78R (MAD —143—

30 20 08 65 4
AL A A B LB
g4t
8—
a 7S
S
1 6
3
5+ >
a-
3..
Q 2
-
T T 1 L 1 | 1 1 1 1 [l 1 1
50 40 E P T . 7 3 4 5.6 7 8 § 1 I 1
2
H ~
6
-8
Ve
R 10
\'C) 2
N L
-14
' L6
18
20

Fig. 15 %1 BREHEFRMOHARERE

Calculating chart for time in first decreasing rate of drying
HVWHDERRIBEED FHCENT, TORAEKRBEOBMANMAL DL L FOKMHICFHTHET
OFFERMEZEREL LT, ERLEDDOT, ZhZORORE, HHOKELEICWLTBEEDT
EBIIRMELNT D,

1, £1BBEROKMC KT 2PEHEKRRE G.HRCIOTHETHZ LN TELN, Thick
WLTH Fig. 16 DX 5 i ERERFR LI, ZORERTE, ITERZROKRWICKT?FEHEK
R (um1) &, LD L EOEHEMN, ThbbIORHCHET HFHEEKR U, IV, JZKC Fig.
15 TRk, RESKBENLZOL EOPHERRCET S T TORME, 7Ll EOT, XDFHFETANE
FakEE RS, ThEKMMEEE K BIUOCROEICIGUTBAET S X5 ELRTWS, i
CoBE, MECKDDR, KHEEE K OETH>T, bl X 5™ 2 ORBOKHMEEEOME
12, B2WRZBEOHEOMITLRE LIS DTS, FLZOBEE LIcERXRDLILITERVD
T, THAIHED HRNHERD B LD EHNTH B D, F2MREBEROELAHV-Z2Z LT
T, ZHIR XD TRTOERM b T %,

6. BIRRE R

6.1 5F2BEBRERDTHERX
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Fig. 16 £ 1 MREH RO HEKBHERE
Calculating chart for mean moisture content at the end
of first decreasing rate of drying

OB OBERICOWTIE, TTRHE Lick 5", REDEGKENED & & ORRFHTINTS

ou 0%u

FPHERKITIZIER LTS & &7 LT, KGR =5 = Koggr ©BVT,

EREHK: x=0 U=1u. 1
x=I U=Ue Y e e (6.1)
& E:  t=0 u=F(x) =ue + (4o—ue) sin—?—x ]
L L, ZOMLEPICIIRDOZ LY,
u=1ue + (U.—ue) Sin 7; X e_l{s(T)d't ........................ (6.2)

¥, PHEKRERIL
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-I" 1— 2.
um=ug+%(ur —Ue) e 3( [ ) L e (6.3)

TELTILNTE S,

(6.3) AEBNT Ky I, ue I u. BRI, EHACTIWTEREEKE u, W52 20T
&, HBCETAMHME RS LATE S,

ZOBE U B L BRERERINC BT 5P LMOGKKTH 505, —RCKS A, F O OMRE
INTELIIE sin BREL LTV 2T, . 38 1 BREREAHOTEEE KR, BETLLE
2 BRGHUGDOFHEKEK wns L ue L OMCKOBFR 1d 5 DT,

Uma=1Ue+ —fr—(u,- — Ue)

.................................. (6.4)
EQ Ue=TUe+ %(umz e ue)
(6.3) RIKRDLHICEHLIND,
Um=Ue+ (umz— uc) e-K“ (T) L (6.5)

6.2 H2BREBOMERMOREE

5 2 MBI BN (6.5) RiC L oC, BEICA\T 5 Ko O L ERALE L 225 % AU
RKDDHZENTES, Lvd K OERERFHFCIEVCLTEELTWBEDT, +H0EHEETHRMATS
ZENTEIS,

Fig. 171 (6.5) RiL i T B HMET, &2 BROBMIC /e oL EDOFHEKE, BIUEDL
X OEBREHC VT HPHEKRE, LHLIEIRIREFEOGKRICILS FCOMMELMD, Zh
T (LE) PROEICKELTRDBRB LK, EFRINIDOTHD, ZOBADOKHGUE
Ky DERZD L EOHHBFH THHRECHBREEZLL LICLS>TEEEL ST, ThboBRIzoWn
T T Fig. 6 TRLICHEBE N TRHIEZOZREFHFCICLTHIET I LNTES, LEZIDOX
5 ISR R I\ T B Ko DR BN L OB WL TR L THEMLRM T, SEBORNEYET
LB TH DY, T TIRIROLARAUBERCSZ DO LREL TR\ e, Fihe, BT S Kl
TERR LA Tab. 4 ZHGHIZ IV, ZhHDORBRLHHA LT 2 BRERCET M2 EH T2 2
NTE D,

7. AMEBROERFMEEEERC & DHTERRE S O LB

L5EFTRRTERELFIN L CHEE LIRS, EEROEERE L »OBRBECAEKT 222k

* .
1 u=1ue + (U.—ite) sin—"—_x

l

L
2

!
__2 B . ( _ . I
Um ——I—[SO Ue dx+. (Ue — %e) sin——x dx]

o

72‘_: (unt - uc)

=Ue+

T
2

Flll ue=ue+ (b — te)
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4

T T T T Aa

Fig. 17 £ 2 BREREER O HEXE

Calculating chart for time in second decreasing rate of drying

LThI, THIRIZTTRERIN TV 2ROERER Y2 AT, LBOMHFE Li, ZOERY
—4E LT Tab. 9 IR Liz,

shbiid, PHIEKELNS < TER, 81 HRY~TE 2 BRERC\ 5 TR TOEROBMKY 5
U0, EREZBRORHL D, ERLE 1IMEBERELLL DO Y, WALWHOHENSL Th
T3, FTRTCERFROEHESHTID TEBRMI LHE L OORTH S, Fie, EBEOAT
BRo XS CEBROTITURONT, i, BEOXHYDZTCWAHARIE, FLE2HBROBRMTHLE
BREEZZTNRIE L THL, DR ERO LB YIRS LTEHELTok, ZOROPIIE, 240
EERBHNZ LA LKL TV T, ZOEBRBICETMORL530b5D, MELD LKL
kIO, LHLEBLORYE, KAThHE, chbDdbE I 2 MEERC IV TAKL T L0
i, HALCKMEEEDENEY CladDlelcd L b, ZHUIRUBE L HEifc L oTEs
FBROVWHLUBLAHETSHIDEDY, STBILOTERNILTHAS, T, ERERITHTS
RSO TE, B D% 0.4 L LTEMLTH 22, ZOftin ks b TRUMETHS LEEL
e CHRMETH Y, BBCIOTE LBk L BRESDLEL LIS, WM/ 8 DIERFS &
NTENE, BRERTH I BT IHERELONZZLTHAH I, WTHRIELTH, \WEETRRD
TELEROBRICD LW TERLICKEL L, BMLBES 2 Hv-bhiud, Egsmotes X<
B3 LB R B, TR DX 5 AHEIC DUSERAL S X 52 5 L DT IR T



Table 9. ¥ 1% B5 ] © = U £ &

Comparison of drying period calculated by

FRHEHME L OB E

equations with that observed

B) WLHE XS SRRy

ik | mx | Back | Bak | me %@ 5| Observed: el
serve 7
# @ | Sy |Thick] Initial | End B % T Caleulated L
Species grv. | ness moisturemoisture Temp.| Wet bulb| Drying | f = I =R R Z 2 W B | B R K
content | content dep. period | Remarks | Constant (Ist decreasing2nd decreasing|Total emarxs
glem®| em % % °C °C h rate rate rate h
e J 0+ ERES
Chamaecyparis | 0.40 | 2.15 19.5 8.0 60.0 25.0 37.0 A-30-1 27.5 Koy=1.47X10"?
obtusa DER
Hhov 7

Cercidiphyllum | 0.46 | 2.20 27.4 10.0 ” ” 42.0 A-12-2 43.5 Ky=0.915X10"%
japonicum
v o4 v
Fraxinus 0.51 | 2.20 23.4 8.0 ” ” 45.0 A-2-2 43.0 Ky=1.17X10"%
spethiana :

- > _ A6=13°C
I MR W RER | ao=a°C | ao—sg.sc | ~18% K,=1.2X10"?
Fagus crenata | 0.65 | 2.15 | 90.0 10.0 3 3.0~25.0] 54.0 p '89 90~54% 54~37% A9=.25°C 58.0 | Ks=1.45%X10"*
. - -2
%_z;g::?gg Fig. 15 11.0h 8.5h 18~10% Kz=1.56X10
16.5h
A0=7.0
- 5 53.8~30.0%

RO D _ 75.0h K:=0.8% 10"
Quercus N ” 46=3.0 46=15.0 K3=0.5%x10"2
mongolica 0.66 | 2.80 70.0 10.0 ” 3.0~25.0] 210.0 Fp. 90 70“‘-‘53}‘-8 30.0~15.0% |209.0 Ks=0.66>< 10-2

ig. 17 15.0 72.0h o 2
?ffﬁg:fg' AB=20.0 K3=0.69x10
15.0~10.0%
47.0h
- + a6=3°C

b a6=3°C | 56~41.8% | o coc Ky=1.3%10"2

Fagus crenata | 0.60 | 2.20 | 95.0 | 10.0 | # |3.0, 15.0| 9.0 | BF-W-5 | 95~56% w04 R | 2.0~10.0% | 69.0 | K2Z1-0x107
e 12.0h 41.8~24.0% 4.0k Ks=1.3%10"2

5.5

— VT —



Table 9.

(>3%) (Continued)

% W % ] ES Rl =
g om |HE|ES SRR &KX | RE | %8 R Observed d .
Sp. [Thick- Initial | End b=l = B Calculated fis %
Species grv. | ness [moisturemoisture/Temp.| Wet bulb Dryjng 5 % B = = 1w R B 2W R | A
content | content . dep. period | Remarks | Constant |1st decreasing|2nd decreasing| T'::)tal Remarks
glem® cm % % C °C rate rate rate h
.7_ 5 A0=5°C/
W B, K 246=5°C 36~16.5% K.=0.6x10"?
Quercus 0.65 | 2.20 50.0 8.5 60.0 |5.0, 15.0| 186.0 | BN-O-20 50~36% 96.°0}£ 167.0 }{32=0.6><10'2
mongolica 7.0h 46=-15°C Ki=0.8x 102
Flooring 16.5~8-5% 8 :
64.0h
Aa6=3°C
61.0~45%
59.0!1
> 5 ) 46=7°C - -2
TEmER A0=3°C 48.0~32.0% f1§:=8.§i§}8‘”
Quercus 0.65 | 2.40 | 75.0 | 15.0 (°:0 13.0~17.0 207.0 l:°'671 75.0~61.0% A‘;(’_‘?Z’éc 199.2| Ks=0.34x10"2
mongolica Fig. 12 14.2h 32.0~22.0% Ilgio.sleoj
41.0h =0.61%X10"2
60°C a0=17°C
22.0~15.0%
39.0h
A0=5°C
41.0~28.0%
n v 5 R oc 97.0 hC §o=1-35><10'2
) a0=5 A0=8° 2=1.26X10"2
Cercidypyhllum| 0.43 | 1.30 | 70.0 | 10.0 |60.0 [ 5% 80| 520 p.67 Fig. 13 70.0~41.0% | 28.0~17.0% | 28.7 | Ks=1.26% 10"
Japonicum * . 3.2h 99.5}'2(: §3=1.4-7>(10'2
A0=15 3=1.78X10"2
17.0~10.0%
9.0h
7 > ﬁ?‘\;ﬁfgﬂs’“ 48=5°C | a0=5°C 40=5°C K:=0.944x 10
Fagus 0.67 5.0 91.0 31.% 50.0 5.0 180.0 T‘a;ble 3 91.0~69.9| 69.9~48.3% | 48.3~31.5% |148.8| K3=0.805x% 10"
crenata No. 2 29.7 h 22.1h 92.0 h B=0.65
7'F > . /;84 1¢gQ=j°C A6=5°C 20=5°C K:=2.9%10"?
crtelf;‘:;a 0.59 5.0 | 100.0 15.5 7 ” 180.0 Table 3 76.1% 76.1~39.3% | 38.3~15.5% |182.0| K;=2.0%x10"?
No. 3 30.5 h 19.5h 132.0h B=0.65
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CLOTEBRLB LELLLTET, SBOWERC LOT, X LIERLEEDOTEYELLOTH 5,
8. EREEOHEEE
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Studies on the Mechanism of Drying of Wood (7)
On computing the time required to dry wood by using the
moisture conductivity A

Takeo OGura

(Résumé)

This series of studies on the mechanism of drying of wood has been conducted for
the purpose of obtaining the effects of drying conditions on the moisture movement through
wood, and of searching for the possibility of calculating the limit of time for kiln drying
of wood only from the standpoint of moisture diffusivity in wood without any of the
defects likely to occur in excessively fast drying of wood. Assuming that the moisture

ou 0*u

movement through wood is expressed by the equation T K FPe

the one for heat conductivity, the solution of each stage of constant, the first decreasing

which is the same as

and the second decreasing rate of drying were obtained by applying the decreasing course
of the moisture on surface to the boundary conditions to solve the equation, as shown in
the appendix. .

In this report are described the effects of drying conditions on moisture conductivity
K and diffusion coefficient A, the possibility of calculating satisfactorily in practical use

the time required to dry wood, applying suitable values of K for the drying conditions to
the solutions of diffusion equation.
The results obtained roughly are as follows:
1) It was found that the values of K obtained at the stage of the second decreasing rate
of drying are fairly uniform as regards each of the species and the drying conditions, and
that the following relationships exist between the materials dried and the drying conditions.
(a) The K-values become larger as the thickness (!) of the boards increases, as

shown in the following formula:

I{s=K;/_§L.. .............................................. (1)
1

The two K-values, accordingly, should be compared with each other after the K-value
obtained at a certain thickness of board is converted into that of a constant thickness,
for example, 1c¢m thick, using Fig. 1.

(b) The K-values proportionally increase with temperature within the range of 40~
80°C, as shown in Fig. 2, which is the range usually used in the practice of kiln drying
of wood.

(c) The effect of wet bulb depression on moisture conductivity depends upon the
thickness of board. In the case of such a thin material as veneer, the K-values increase

with the wet bulb depression, that is vapor pressure difference, as shown in Fig. 3, but in
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the case of boards more than 2 ¢m thick, the K-values gradually increase with wet bulb
depression below 15° or 20°C, and tend to decrease beyond the depression abovementioned,
as shown in Fig. 5.

It seems that case-hardening is apt to occur on the face of the board as it dries, and
with the increasing of the thickness.

(d) The moisture conductivity Ks; can be obtained from the drying rate at a certain
moisture content in the stage of the second decreasing rate of drying, and the followfng
equation is given.

%= - K3(—’l’—)” Uit e, AT (2)

where U.,=free moisture content.
!=thickness of board.

By this means the moisture conductivities of various species are obtained, and these
are shown in Tab. 4. Fig. 7 shows the tendency of decreasing K-values with the specific
gravities, although the experiments were not conducted on many kinds of species. The
value of moisture cenductivity seems to be related not only to specific gravity, but to the
thickness of cell walls, and to the other characters of each species affecting moisture
movement.

2) The effect of species and drying conditions on diffusion coefficient A is not the same

as that on moisture conductivity K. The relationship between them, that is K=100 :0 )
is given on the occasion of deriving the diffusion equation, but it is found that this relation
does not neccessarily exist between every value of K and A, which were obtained re-
spectively by the different experiments. These are shown in Tab. 6 and 7.

3) Itis reported that the mean moisture content at a certain time in the process of wood

drying could be calculated by using the solution of the diffusion equation Ou _ g du

which can be obtained by applying the decreasing course of surface moisturae}S conte:tx to
the boundary condition of the equation. But the solution obtained in this way with
respect to the constant rate of drying cannot express the linear decreasing course (See
app. p. 155) which is actually found in the case of a constant rate of drying; therefore,
the following formula obtained conditionally that a drying rate is constant is used to express
this stage of drying.

u,,,——u,,=lﬂ-%-ko-A9't .................................. (3)

Yo
where u,, u,=moisture content.
rYo=sp. gravity.
ko =evaporation coef. at time of 6°C.
A0 =wet bulb depression.
t=time in constant rate of drying.

The length of time in a constant rate of drying is determined on the basis of the view
explained in the following: The constant rate of drying of wood continues until the
moisture content on the surface reaches the fibre saturation point. The decreasing course
of only the surface-moisture content of wood should be also expressed by the following,

which is the same type as equation (3).

oo — sy =200 . PN 1S S (4)
%o Bl
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In this case, however, the factor ‘‘8’’ equivalent to thickness of board is taken into
consideration in the above equation, because of the existence of moisture gradient in wood
being dried. The viewpoint from which factor ‘“‘g8’’ is regarded is described in the
following: This value of g is the thickness of board equivalent to the amount of moisture
evaporated from wood in the period of a constant rate of wood drying. It can be assumed
that 8=0 when all of the moisture that moves to the surface of the board without any
resistance against moisture movement through wood is completely evaporated depending
upon the drying condition, that is to say, the evaporation of moisture in wood is not
entirely controlled, and that B8=1 when the evaporation of moisture on the surface is
completely regulated by the moisture movement through wood, consequent upon the existence
of high resistance against the movement of moisture. The g-value could be calculated
by the following formula, if u, in this equation be measured.

Uo— U
ﬁ=17;a_—u"w ............ e (5)
where wu,=1usq=initial moisture content.
ugp="_fibre saturation point.
u,=mean moisture content when surface moisture reaches to F.S.P.

Fig. 10 shows the apparatus for measuring u,, in which two test pieces of 10x10X2
or 4 ¢m in size are placed, using one to measure the weight at every hour and the other
to get the surface temperature, the distance between two marks on the surface. The
results measured are shown in Fig. 11, and u;, the mean moisture content of test piece
at the time when the surface moisture content reaches fibre saturation point, can be roughly
presumed corresponding to the point at which the surface temperature and the distance
between two marks changes to decrease as shown in Eig. 11.. The B-values obtained in
this way for the abovementioned are 0.4 for beech regardless of thickness as shown in
Tab. 8. As regards the g-value, however, the study should be continued further because
of the present fewness of experiments. It can be said that this 8-value expresses the
relative diffusivity of moisture, particularly free water in wood. However, it should be
noted that the diffusivity of moisture in wood can be investigated not by taking into
account the specific gravity or thickness of board alone, but by the putting together of
these factors of 7o, ! and B, that is B/, Br, and Blr, in the equation abovementioned,
depending upon the characteristics of each species. '

4) The decreasing course of surface moisture content in the stage of a second decreasing
rate of drying is also expressed by the same type as eq. (4). In this stage of drying,
however, the B-value is regarded as 8=1.0, because all of the moisture that has moved
to the surface of wood has evaporated, so the decreasing course of surface moisture content

can be expressed by the following equation,
US= UF_—l%"'%‘—'k])(pw_po—Pr)°t .......................... (6)

by which the length of time ‘‘¢#’’ to dry the moisture of fibre saturation point on the face
of board to the equilibrium moisture content corresponding to the drying condition of air
can be calculated. '
On the other hand, the course of drying wood is generally expressed by the following
equation,
Us=UF e 0t ittt ittt i iitteeraaneernnnss 7
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and the c-value in this equation can be calculated for the various conditions of drying by
applying the relationship between Us and t obtained from eq. (6) to eq. (7). Fig. 14
shows the c¢-values for various kinds of drying conditions, and by using this diagram the
presumption of the decreasing course of the surface moisture content of board can be
made easily.

5) The length of time in the constant rate, the first decreasing rate and the second
decreasing rate of drying of wood can be calculated respectively as explained in the
following:

(a) The time to dry wood at a constant rate can be obtained by eq. (4) as described
above, the mean moisture content of wood at the end of the constant rate of drying can
be found by applying the time obtained in the above to eq. (3). The chart given in
Fig. 12 obviates calculation.

(b) The time in the decreasing rate of drying, in which the surface moisture content
reaches the equilibrium moisture content corresponding to the drying condition of air, can
be obtained by eq. (5.11) shown on p. 142. Fig. 15 is the calculating chart in which
the standard used is temperature 60°C, specific gravity 0.5 and thickness of board 2.0 cm.
The chart can be used for the conditions other than the standard by converting into
them. Moreover, the moisture content at the end of this stage of drying can be calculated
by eq. (5.4) shown on p. 141, of which ¢ is applied by the value obtained in the above,
and can easily be obtained by Fig. 16.

(c) The time in the second decreasing rate of drying is given by eq. (6.5) shown on
p. 145, and can easily be obtained by Fig. 17, when the initial moisture content in this
stage, the equilibrium moisture content for a drying condition, the moisture content to be
dried, the moisture diffusivity Ks of the species and the thickness of board are given.

6) In order to check the accuracy of the time to dry wood obtained by using these charts,
comparisons of the time calculated with that taken in practice were conducted. Various
samples were picked out from data in the reports already published, and the length of
time to dry wood was calculated for each of the samples using the same drying condition
as used in actual practice. The results obtained are shown in Tab. 9. This reveals the
fact that the calculated time generally agrees with the practiced in the case of the proper
value of moisture conductivity being used, particularly in the second decreasing rate of
drying.

7) The drying rates in a constant rate of drying of wood and in a second rate are shown

in eq. (8) and (9) respectively,

du |_100 , 2
ST T TR AR (8)

d Ua l= Ks (%) U e (9)

and these can be obtained easily by means of the calculating charts shown in Fig. 18 and

19. The former can be obtained by the factors of temperature, wet bulb depression,
specific gravity and thickness of board, and the latter by the free moisture content,
moisture conductivity and thickness of boards. Fig. 20 shows some of the drying data

obtained for the various kinds of drying conditions by using these calculating charts.



