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Heat and Vapour Movement through the Boundary-Layer
on the Drying Wood Surface
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Fig. 1. Relation between moisture content and the surrounding
atmospheric condition of wood surface.
From this figure we may calculate the moisture content and

the surrounding atmospheric condition of wood surface by
the ratio of evaporation rate.
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Table 1. Relation between parabola and cosine curve

x —g— —:;% cos curve | parabola x _7;— %% cos curve | parabola
0 X (center) 0° 1.000 1.000 5/9 X 50° 0.643 0.691
1/9 X 10° 0.985 0.988 6/9 X 60° 0.500 0.556
2/9 X 20° 0.940 0.951 79X 70° 0.342 0.395
39X 30° 0.866 0.879 8/9 X 80° 0.174 0.210
49X 40° 0.766 0.802 9/9 X (surface) 90° 0.000 0.000

2 X = thickness
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W1t BRCEREECKEC, BT b Y o — AOMABEKL AR h—1~ Sy b
EE¥, BEIALERLKACEACST, BESW % s Lo li, BRERX
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AR DBHRIMBTH0.02m/s T, RALERLBDTI Loz WBETH-
2, HARMHCLZ LV IREBEOLLAPRL 5 LORLET, NEZEXH/SBRT
X5l

EREEIAEFC L VMETLESEL, CREEXZIBENY 104K ) - ACORE,
lokxC—A¥EREER, —HrBREEHL L, BEREEL /I —€TEV-TrOKE
TheC, EEHKBEZED 10 ffERF IR,

HRAORNFIER0cm, EXlcm Db EREL L, FEXX05~20cm TE/L
x@t, fiERE=—A7F—7CHEL, BREXAOEILEEE, LXK BEOT
) X AT R R ER TR e s L SR LT,

AMEEKOBEZOHED DX 2KV Y —ROBERFELH, —HEARHMOR
S 1mm oMb, $3cm OB FT, WCETCAED T, TORTHEAL,
s =— L THEBLERO ETORBOFEL VI T5L52LT, ZEHALAH
EE»HH10cm OMBECK ¥, WMEOREED 2HYILR IR,

BEREE, ERAROMD LLVORFEEYETRIKHCNEL, #POEEHRD
¥ATY VIIBOBABCHE:, ECEBHEEROH L mV B2 EFS R, Hb
DUDATY V7ML EEOEFELYF vV T Lv—va v L TRE, RKEREELES
HARFC L AHNEBEOE L IS LA L H,DIE, MV REILBICHK
RS THI LIV BELL, HROBY AR L EROEREELBENC I VEREL
fodh, ZOBBHO -FLOBEBBYBCAELTCHLILEERYD, LrbEOr1>TL%
BEMN, ATY VIR L BAKKETRILEDT, ZOREYRIVBITIL
», BERNEOSmm O =F A AFEM v AZVE VREHG, Rt ERy )
el THEAKE, ATV VYIDETR L > T T H5BEEDETIEXRIBC
L2,

CoRRICI Y, ERRVEANLCERBEE S GEMERL 0T, BRCEDLhRE
wRod, WHAM & LEOBEZE» B AMPIA - TR 5BEY KICRD I BURZRE
LItEL, CoOmMBLHE TS ErHKL,

HEROTHCHEY H 52 LHEREORE F TEF -7 T, KHIZA-TXK
LEE L KR EbR BB L, ERVPCIHB LR ELALGETRESL
s o THbRTRKD, NEERgbTiRHOBE X, BREE,OEREE X CTBRKLE
RLERTHD0H, ZELLEBLACBRBIERROMCAMERED ERCHELRII L
BHLMATHEY, SEIOKEEVELRVRARFOBEIIL, BEERYEOEHEGTHNR
BEAOEENEE RS, AMBIOKGOEREL LS, BRELAEREL»OEELR
DldCHELN BB IET S L, BRROLDEELNIBECHNEBRERD Z &5
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1. RBERBIUEER

41 REBEERDZ KR
441 % [z X X
BE XN HEEIE Table2 o tH 5,
BEERLME LA 75mm 5 v o448 (GBS 057) (3AK5% LT
BEERF: 15%X15cm? =225 cm? AKEE: 40°C

Table 2. Heat conductivity of test pieces.

Voltage 14 18 30
Amperage A 0.088 0.146
Amount of Heat Flow kcal/m2-hr 30.3 83.8

Temperature Gradient °C/m 333 846
Mean Temperature °C 45 57
Heat conductivity kcal/m-hr-°C 0.091 0.099

WA X% ERMORE L AEEROBEFKIL, 20°C, 0% 1235\ T
AL = 0.0240.0724 74+ 0.0931 #2

EZINTWEDT, ERMBOMEOST #RATE L, BEHERIT 0091 Ly, 2TH
BhfEX TR L T340 LELLRDS,

IeR R & BMEEEORFRL, RO LR LT KREL LD LEIRTVER, SED
ERIABEE O R L PR L Vw0 THEBEFRY RS S 2 L xR o,

412 RiEERK

4-1-2:.1 FRBCEI2EESN ERRBCRTIHABOBES fix WE L 1
HRIFig.20MTHY, BRBEAERE L LEBEONE L AMERL S OER & O
iy Fig. 3 oM EHRBRLAD 0, BEOSMIIIMER & 2l SR,

N Fig. 3 1O AMEBERE L KBOEH, KEVHALNIVEEL, BROEAN
BAERUT, ¥ABRCHD L, 02, REEREY t, BERESY ta,
HEH»D z OMNBOBEY . & T5 L,

log. (ts—ta)—loge(te—ta) = bx (39)
Iz = ta‘l‘(ts —'ta) ceo® (40)

Lieh, (ti—te) OKDE Db Y, bOENB—FEL DI L1E, x2F L THiu,
(ta—ta) 1L (ts—ta) DKPDC b, ~BOHEEGLLB LT, BRBOEIN—FT



122 EERERERHBRFAERE £258 HF15

=3
S gi<
e
w
x3
-
<
@ OL
[T\
o
s
o
P-
96 10 05 0 10

DISTANCE FROM WOOD SURFACE (Cm)

Fig. 2. Distribution of temperature in wood and boundary-layer.
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Fig. 3. Distribution of temperature in boundary-layer.

BB EEAL, BEMBRL (t—ta) WHHAIL, BIEERDY t—td) DRP 5T —
ETHBHEERLTND,

ERBOEX I lem T, FROLDTEZBEYANDIBE, MEHCERBIHY
KBDT, =0 2fEHS 2em M ERBA LT, Bk SRS e ELBO
EIX I28ERR G EERLTVE,

4-1-2.2 R X 2BIAEBEEL BESKELCHWEIERBOE IR #EL< LY, B
EEMR2y, BBRHEPKELS KA LEIHLNTHEH, BECEHBCRNY
Teb5E L P Y2868 TLERBARIRR - Tk 5,
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T Trrrrm
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AR VELOCITY (m/s&ec)
Fig. 4. Relation between air velocity and heat transfer coefficient.

O:- parallel to wood surface.
x : perpendiculer to wood surface.

ERER Y BGE & BB DBIRTHE DT L Fig. 4 om< /o b, BIRBAE x> &,
BEXviThE, BEO2~10m/s DEIFE TIX
ky = 34008
ky = 40 008
LB, ~BCKEISDOREOBECILE, OFN by OMEMTH D & IR TVEMY,
BGHE»HLOBAIRFOKRE S, AOFTEOCFLVEHOKREIFC IV RKLDT
SENIBGESRE {72 L BIRBBRBSKRE e, 0BRGN T (R
MTHDHIEEHENDITIED D,
RERBOE XL, BEIKE (e 2RECFFPHELeh, BE2m/s TILERMH
2 5S5mmikich 2 EBEAREB LA D®, chiBEEX LT3,
4.1.2:3 2 ¥ #% X
4-3 RMEBRER T il cERSPT, BRENO2mSs O HRERLF ULMAT
THIE LBk #Rix Table3 o< Th -1z,
B BRI BIERBOEIKDOHSE, 3~30kcal/m*hr-°C L vbh, EBREOEZ D
BA12 10~500 keal/m?-hr-°C & VWb TV 5039, SEIOIM BE XV 7w, BEIB

Table 3. Heat transfer coefficient on the wood surface.

Amount of Heat Flow kcal/m2-hr 30.3 83.8
Temperature Difference between Wood and Air °C 3.05 7.96
Heat Transfer Coefficient kcal/m2-hr-°C - 99 10.5
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BLTUOREEE L TFEL LD EELLRD,

e @ L ER BN TAM L 2Ro MR EEN
HHBETIL, - OBIKBERICEEE Y Mg B
BBTAL0sExbRS,

42 KBHHEBERDDIRR

4-2-1 KSR RE

EREBE CREM TERITbh b L, LB
LRI K 2 BE) L oK B EEROKTH
Fxha0T, RECEYDFBEOKLBYL, &K
DEENBAT S, ~AMEBCLHOEREY 10°g T
Bh2ERKBCHEL, BPEEN Bl olc b &
%, ERRELALL, B21b3FL, AEILESH
2mm OFR YT Th 2l EE D, FOKEOEKRE
ERELETRD, Kotk Rdl, XEREHSKELSN
i X ) Rev e, ‘

HRN BT 5 EFRED & & O KGR X
Table4 DfN< TH bH, K341k Fig.b oM< TH %,

IhEOKGH AR LTS &, Koamniz
BEHTHY, ZOHATIIERRO RN X KT
BB ERBRDB R LT D,

FEHE BlE

M.C.

10,

|

0

[ 2

DISTANCE (cm)

Fig. 5. Distribution of moisture
in wood kept between two
different humidity conditions.

E.M.C. in wet condition; 29.5%
EM.C. in dry condition; 10.0%
Direction of water movement:
Tangential. Beitsuga (Tsuga he-
terophylla SARG.)

Table 4. Diffusion-coefficient and surface-resistance.
Test-piece No. 1
Species Beitsuga
Direction of water movement Tangential
Specific gravity 0.42
Length of test-piece (cm) 2
Surface area (cm?) 9.09
Rate of water movement (X 10-3 g/hr) 6.91
E.M.C. in dry condition (%) 9.8
M.C. of dry face (%) 13.8
M.C. of wet face (%) 285
EM.C. in wet condition (%) 295
Diffusion-coefficient (x10-3 g/cm-hr-"C) 0.103
Surface-resistance at dry face (cm) 0.54
Surface-resistance at wet face (cm) 0.14

2

Beitsuga

Tangential '

0.42
2
9.15
6.40
9.8
12.0
270
29.5
0.093
0.29
0.20
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RDIKGIRBRE %, BEEOFERES & B L TR D LIZIFE Sz R LT
B, 72F, e/ FOEREREBMAE, BREFAOEIZ OV, BABETATE
TH 5, .

422 % @ & #®

RIRCABRIC BT 2 B M X OEEH & F UEKEB0BTIRE ¥ AR, 0¥

BEKRRE Rk Bit Tabled DN TH 5,
Vo HERREARNERRBRC ST AWEOREAKRE, - RS TALOEHEKEK
ORI, &S Y, BRPAMRELAZOLEEKREFA—ThHIUE, EFr» i
Ko TiihitwZ L 2BEX L CW5, HPADKGFHOBEREYEE L, FFESK
REZLDBADORENLOERLY RS S &, BRMCH2mm, EEHMTH3mm &7ch,
CORMCHETIE ISR, EREOHMRICMZ S &, WEIAEFESKRKZEL LS L
SHIR TR E RO D Z LMK LERTH B, BIEOERS I LhilEe / + T,
BEAKEOHEGH 1l mm, KOET25mm & Xh, #ORBRRZ LY Ries, SoEX
RERG L E2ZDN 50T, REEHEETR T3, JOEFHEIILIBC ST 5 REE
RBOBEFHOM, BROWRLEEEREABIEDO S 2B bR, * o208t
BRBHOBILELONS, REOERBIL, BOBALAE BRECIIELTE L
BRGITEE L I u, ERIT A LR o, BH, AHCIhEKESEDSF
b, MEOFMEALLSMMHERERLTEY, LK LEEYEAE LT 50T
EBHOPBIALLOLELRS, o8 LAOBEICIE, KO MCESNC LS Lo
HHN, KpOBENCIXIEE LA WO T, BHOEDBEEOKINC L » T, KHETE
R0, BEXLBIEZORIE - TRLIITTHS, CORELTOBECRDS -
ERARFETHLDT, HAGFHOHF TORBROBOBEELE L AKEE LD RDTE
VI, UM F RS L MR T L RAEEY R D - LK DR B,

SEIOEBD X 5 CEHRBTERBN T ebh 256, BREEHIF U ThHIE, Ktk
HAOEKEZIRILTH Y, KEEARIA U chthiicbiv, SOBERMEOKGB
BRELAXBIFR CTRFE, REDOEKENHEB L, RREECHELRIZTETTH
5, KoBEENSRUT, KGHEBRERARLABE T, KoEFIKSIEBEERC®
AL T bk 0T, KGFHEREZER LFEEKRETHS SORENLD
BEME LK S ERNC A L, BEEURBUC IE A Uie i iudie o, BUCEE TS G #
BB H AT 239 C, RO ERCTLBHEFTHOKSTBEOB G, REEHIAKE
XT3, ‘

4.3 AHERRR
R EREE > Tk - R EROKE R Table5~15 DM TH H, KRL
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2L D7 Fig.6~16 TH 5, CORMLEAREEIMIMCRE S, RPCEBIKECO L
5, @gEHAOKGTBEOBEGTIE, EXEROBMIER IRV, EREROE
BEIBECEATROSHAREELRI &, RREEE L REREX L IFHABEGRCS
HTEEDRS bR,
4-3-1 REEEEARBEEORE
BFERCBTAREREELAREEONFE L NIRRT 5 L Fig 17~2T0 M TH
D, MEDKSTELERE L LTERNCEA TS Z L35, - oEFHEH 2x107°
g/cm®*hr-°C ¢, 4EOME —~ERE T CTMEL T THEDOEH 7 2 &, Buve /¥,
KoyBREOEGIBMESA, BELERFAOMhOBZETLALEMEZRL TS, &
DEBMBERICH S - L IRBREZEN—ETHIE, AL DOAMCALBEL—ET
by, TORRERTIKGEN BRI LERL, COBME—ETHSD - &3,
Table 5. Wood drying process.
Species : Kunugi.

Thickness: 1cm.
Direction of water movement : Longitudinal.

Tempera- | Tempera-|{ Vapour _
Dryidgly, A e Difforence Differonce [Difierence Weight | Rate of. Trancefer Mot o | e of
M | ture veitovéei?‘ d %ert;v 2‘:}’:1 V}‘/J'f)tovée?rll g|Test Piece| tion ((:;?ee;ﬁi- Content tion
Air Wet Bulb Air
4 ta ta—tw | ta—tw | Pw—Pa W o3 (kcal? o) (10_;?; p—s
thr) (C) (C) () {(mmHg) (g) g/om?-hr) w-he-"C) (%) |hr-mmHg)
0 384 6.0 6.1 3.0 98.136 84.3
5 415 30 39 15 92.434 6.43 12.29 735 429
10 410 3.0 37 15 87.042 5.86 11.21 63.4 391
15 410 20 3.7 1.0 82.186 5.38 15.44 54.3 5.38
20 40.6 17 3.6 0.9 78.541 435 14.68 475 483
25 410 1.7 37 0.9 75.352 3.88 13.10 414 431
30 410 1.7 38 09 72.390 342 11.63 359 3.83
35 410 15 38 08 69.884 272 10.39 312 3.40
.40 410 13 3.7 0.7 68.062 224 9.89 278 3.20
45 41.0 13 3.7 0.7 66.240 1.85 8.17 244 264
50 41.0 0.6 37 0.3 65.091 145 - 13.87 22.2 483
55 415 0.6 38 0.3 63.961 1.09 10.43 20.1 3.63
60 410 04 38 0.2 63.278 0.81 11.55 188 4.05
65 410 0.1 37 0.1 62.595 0.44 25.00 175 440
70 406 0.1 37 0.1 62.595 175
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Table 6. Wood drying process.
Species: Kunugi.
Thickness: 1cm.
Direction of water movement: Longitudinal.

Tempera- | Tempera-| Vapour
D»[l:yingTe g}i)rera_ Difftel:lrl;:ence Diﬁ};'f;ce I%?feesrsel::e Wiifht Igit;o;)i_ Trg?etfer M%Z?: re I};\?atg o(r):fi-
me |~ ture \gztovée‘;ﬁ d lsart;v Zir(ll \5?0‘?2?1 d Test Piece| tion Cg:ﬁ‘ Content tion
Air Wet Bulb Air
8 ta ta—tw | ta—tw | Pw—Pa w (10_§' (kcal? U (10_%%2_
(hr) (°C) (°"C) (°'C) (mmHg) (g) g/em?-hr) m*-hr-°C)i (%) |hr-mmHg)
0 390 5.7 40 29 99.096 82.98
5 406 | 29 3.3 1.5 94.601 5.55 10.99 74.68 2.27
10 40.0 24 3.2 1.2 90.374 5.10 12.20 66.88 425
15 40.0 21 3.2 11 86.591 440 12.03 59.89 4.19
20 40.0 18 3.2 09 83.476 3.81 12.15 54.14 4.23
25 40.6 1.8 33 0.9 80.806 3.52 10.63 49.21 391
30 406 1.6 34 0.8 78.136 311 11.16 44.28 3.89
35 40.6 1.6 34 0.8 75911 283 10.15 40.17 354
40 40.6 14 34 0.7 73.686 2,52 10.33 36.06 3.60
45 40.0 14 33 0.7 71.906 227 9.31 32.77 3.24
50 41.2 1.0 35 0.5 70.126 212 12.17 29.49 424
55 412 1.0 3.5 0.5 68.567 1.84 10.56 26.61 3.68
60 40.6 0.7 3.5 04 67.234 1.53 12,54 24,15 4.37
65 40.6 0.7 34 04 66.121 0.99 8.11 22.09 2.83
70 40.0 0.5 34 0.3 65.671 0.71 8.16 21.26 2.84
75 415 0.2 3.6 0.1 65.900 0.70 20.10 20.04 7.00
80 40.6 0.2 3.6 0.1 64.564 0.57 16.35 19.22 5.70
85 40.6 0.2 3.6 0.1 64.119 043 12.35 18.40 4.30
90 406 0.2 35 0.1 63.896 0 0 17.99 —
95 40.0 0.2 35 0.1 63.896 17.99
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Table 7. Wood. drying process.
Species : Kunugi.
Thickness: 1cm.
Direction of water movement: Longitudinal.
| Tempera- | Tempera-| Vapour
D’I{_ying T erlx?pife ra- Difft:rl;;ce Diffte;‘e();lce I%’é&srseu;:e Wiifght I%:{\?z:go?ef\- Trgs:aetfer ‘MIXIi:?t? re l?\?z:gogafl-
e ture Vsi;v(viei?l d %e;_ty?iiré 1\78?)??2?1 d Test Piece| tion (é?eer?:l' Content tion
. Air Wet Bulb Air
¢ ta ta—tw | ta—tw | Pw—Pa w (107? (kca];e U (10—32/01112-
_(hr) € ) (C) | (mmHg) | (g) .| g/om®hr)| m*-he-C)| (%) |hr-mmHg)
0 38.4 5.4 48 2.7 97.863 82.03
5 40.0 2.6 31 1.3 92.812 5.54 12.22 72.63 4.26
10 40.0 23 3.2 1.2 89.172 4.79 11.93 65.86 4.16
15 40.0 2.0 32 1.0 85.304 4.32 12.40 58.67 4.23
20 40.0 1.8 32 0.9 82.347 3.89 12.39 53.17 4.32
25 40.6 18 34 0.9 79.162 348 11.10 4724 387
30 40.0 16 34 0.8 76.887 3.05 10.93 4301 381
35 40.6 16 .34 0.8 74.384 3.05 10.93 38.35 381
40 40.0 1.2 33 0.6 72.109 247 11.79 34.12 411
45 394 1.2 3.3 06 . | 70517 20.2. 10.09 3116 | 3.44
50 400 0.9 35 0.5 | 68824 2.29: 14.60 28.01 5.09°
55 40.6 0.9 37 0.5 66.876 2.11 13.46 24,39 | 469
60 40.6 0.7 36 0.4 65.512 1.45: 11.89 2185 | 414
65 40.0 0.7 35 0.4 64.602 0.87 7.13 20.16..| 249
70 394 0.4 35 02.. |, 6 64147 0.44 6.25 1931 1 218
75 40.0 04 37 0.2 © 63919 0.58 8.33 1889 *{ 290
80 40.0 0.4 36 0.2 63.237 0.58 833 17.92 2.90-
85 394 04 35 0.2 63.009 0.15 208 1725 1 073
90 394 0.4 34 0.2. 63.009 0 0 17.20 —
95 394 0.05 34 0.03 63.009 17.20
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Table 8. Wood drying process.
Species: Kunugi.
Thickness: 1lcm.
Direction of water movement: Tangential.
empera- | lempera-| Vapour
Dll:_ying Te rﬁ;i)rera- Difftc;'?nce Difft;-reence I%Ji}’feesrse‘;rcee W‘:’)ifght I§:at; o(x)-i- Trgszztfer er)/lizztil?re &;Sogfx-
Ime \ rure \;ztovée?:l d lla)ert;w;ir(ll vl‘;t(a)tovgeeal:l g/ Test Piece| tion C():?ee fti | Content tion
Air | Wet Bulb Air
6 | ta ta—tw | ta—tw | Pw—P» w (10_?} (k calf U (10_32, s
(hr) (*C) () 0 (mmHg) (g) g/em?-hr) m'-hr-'C)i (%) |hr-mmHg)
0 374 52 46 2.6 91.605 68.94
5 40.0 24 29 1.2 87.820 4.58 10.95 6197 3.82
10 400 1.8 29 0.9 84.413 3.74 11.92 55.68 4.15
15 394 14 3.0 0.7 81.953 2.89 11.86 51.14 4.13
20 394 1.0 31 0.5 79.871 2.53 14.52 4731 5.06
25 394 1.0 3.3 0.5 77.979 212 12.16 43.82 4.24
30 394 0.7 33 04 76.544 1.69 13.84 41.16 4.82
35 400 0.7 34 04 75.329 1.50 12.27 38.93 4.28
40 394 0.7 33 04 74.194 1.33 10.87 36.83 3.79
45 39.0 0.7 33 04 73.248 1.20 9.87 35.10 344
50 394 0.5 34 0.3 72.304 1.22 14.00 33.34 4.88
55 394 0.5 34 0.3 71.355 ‘ 1.22 14.00 31.59 4.88
60 40.0 05 34 0.3 70.409 0.85 9.72 29.86 3.39
65 394 05 34 0.3 70.014 " 0.84 9.62 29.12 3.35
70 390 0.5 3.3 0.3 69.084 0.95 10.94 2741 381
.75 39.4 04 38 0.2 68.519 0.84 12.10 26.37 4.22
80 394 04 37 0.2 67.759 0.61 8.65 2497 3.03
' 85 394 04 3.6 0.2 67.570 0.72 10.30 24.62 3.59
90 394 04 ‘ 3.5 0.2 66.624 0.96 13.75 22.89 4.79
95 39.0 0.2 | 34 0.1 66.056 21.80
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Table 9.- Wood drying process.

Species: Kunugi.
Thickness: 1cm.
Direction of water movement: Tangential.

Tempera- | Tempera-| Vapour H
. ture ture Pressure . eat
. Air . . . Weight | Rate of Mean Rate of
]?rr_y 118 Tempera- Dﬁg&;ggrc‘e Dﬁgfvf,zre‘ge Dﬁgfvizgﬁe o Evapora- Tg&cg_lf_er Moisture | Evapora-
Mme ' ture Wood and Dry and [Wood and Test Piece| tion cient Content tion
Air Wet Bulb Air
k - A
6 ta ta—tw | ta—tw | Pw—Pa w (104§ (kkcal/ U |(10-3g/emt-
(hr) {C) (%) (*C) (mmHg) {g) g/em?-hr)l m-hr-"C)l (%) |hr-mmHg)
0 40.0 6.3 55 34 99.438 8177 :
5 400 26 39 1.3 96.245 407 8.05 75.93 3.13
10 394 2.2 38 11 93.051 3.59 7.64 70.09 3.27
15 39.4 1.6 3.8 0.8 90.609 2.87 9.70 65.63 3.59
20 394 1.2 3.8 0.6 88.543 2.40 8.61 61.85 4.00
25 40.0 1.2 38 0.6 86.852 197 6.88 58.76 3.20
30 40.0 11 38 0.6 85.537 191 7.33 56.36 349
35 40.0 0.7 38 04 83.847 1.70 8.13 53.27 4.86
40 400 0.5 38 0.3 82.720 1.32 6.88 51.21 5.27
45 40.6 0.5 38 0.3 81.780 1.20 6.25 4949 4.79
50 394 05 38 0.3 80.841 47.77
Table 10. Wood drying process.
Species: Kunugi.
Thickness: 1lcm.
Direction of water movement: Tangential.
| Tempera- | Tempera- PVapour q
. ture ture ressure . eat
. Air - . . Weight | Rate of Mean | Rate of
D8 rempera QifSrance Difrence Diference) Voftt |ieh Treneeer e Bvapon
! ture  wood and Dry and [Wood and|LeSt Piece| tion cient | Content | tion
Air Wet Bulb Air
a ko 7 A
0 tq ta—tw ta—tw | Pw—Pa w (10-3 (kcal/ U (10-3g/car-
(hr) ('C) C) 9] {mmHg) (g) g/cem?-hr) wf-hr-"C)| (%) |jhr-mmHg)
0 384 58 438 2.9 97.335 8243
5 395 29 37 15 92,237 6.11 12.03 72.87 421
10 39.5 25 3.7 18 87.839 5.08 11.66 64.63 4.06
15 395 19 37 1.0 84.336 3.87 11.69 58.07 4.07
20 395 1.9 36 1.0 81.820 2.96 8.94 53.35 3.12
25 39.5 1.5 39 0.8 79.736 2.54 9.72 49.44 3.39
30 395 11 3.8 0.6 77.884 2.38 1242 4597 429
35 395 1.1 3.7 0.6 76.032 2.23 1164 42.50 4,02
40 395 0.8 37 04 74.712 1.79 12.84 3947 448
45 399 0.8 37 04 73.254 37.30
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Table 11. Wood drying process.
Species: Hinoki.
Thickness: 0.5cm.
Direction of water movement: Tangential.

Tempera- | Tempera- l:"yapov.lr
. ture ture ressure . Heat
DryingT Air Difference |Difference |Difference We:fght ]}:{ate of Trancefer| MMe?n E}Z{ ate of
Time e:npera- between | between | between T toPi v?pora- Coeffi- Cmst urte vga.pora-
Ur€  'Wood and| Dry and [Wood and| €St *1€c€ 1on cient onten ton
Air Wet Bulb Air
1 o k -~ A
] ta ta—tw ta—tw | Py—Pq w (10-3 (kcal/ U (10-3g/cm2-
(br) {c (C) {C) (mmHg) (g) g/em?-hr)) m*-hr-"C)l (%) |hr-mmHg)
0 374 75 6.6 3.8 28.236 72,23
5 40.6 2.0 38 1.0 23.637 421 12.08 4418 4.21
10 40.2 0.9 38 0.5 21.472 1.92 12.24 30.97 4.27
15 40.2 0.7 37 04 20.480 0.96 7.87 24,92 2.74
20 40.2 0.4 3.7 0.2 19.894 0.43 6.18 21.35 2.15
25 40.2 04 3.7 0.2 19.760 0.13 1.88 20.53 0.65
285 40.6 04 38 0.2 19.668 19.95
Table 12. Wood drying process.
Species: Hinoki.
Thickness: 1cm.
Direction of water movement: Tangential.
Tempera- | Tempera-| Vapour
. ture ture Pressure . Heat
DryingT Alrr _|Difference |Difference Difference Wexfght é(ate ofl_ Trancefer MMeztm I%Qate of
Time einpr)e 3" between | between | between TestoPie ce v?igt:lr Coeffi- CO:ISt urte vtqpora-
Ur'®  'Wood and| Dry and [Wood and cient onten lon
Air Wet Bulb Air
a k 7 A
0 ta tn—tW ta—tw PW—Pa W (10_3 (kcal/ U (10_3g/cm2_
{hr) 8% {C) ('C) (mmHg) (g) g/em?-hr)l m'-hr-’C)) (%) |hr-mmHg)
0 344 7.0 55 35 61,504 88.98
5 39.5 26 37 1.3 56.998 4.92 10.87 75.13 3.79
10 39.0 21 37 1.1 53.406 4.10 11.20 64.10 3.9
15 39.0 1.8 3.8 09 50.263 3.14 10.12 5444 349
20 384 14 38 0.7 48.243 2.05 8.40 48.23 293
25 39.0 1.1 4.0 0.6 46.896 2.05 10.69 44,09 3.73
30 40.2 0.8 39 04 44 875 2.05 14.70 37.88 5.12
35 395 0.6 38 03 43.528 1.64 15.63 33.74 545
40 39.0 0.6 38 0.3 42,183 1.09 10.47 29,61 3.65
45 384 0.4 3.8 0.2 41,732 0.68 9.68 28.23 3.38
50 39.0 04 38 0.2 41.059 0.82 11.78 26.16 411
55 395 0.2 39 0.1 40.385 0.68 19.31 24.09 6.75
60 39.5 0.2 39 0.1 39.936 0.55 15.07 22.71 547
65 39.0 0.0 39 0.0 39.487 0.27 — 21.33 —
70 384 0.0 38 0.0 39.487 21.33
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Table 13.

Species :

Hinoki.

Thickness: 2cm.

F25%

Wood drying process.

#1%

Direction of water movement : Tangential.
Tempera- | Tempera-| Vapour
]?I{_ying Terﬁ}i)Zra- Diffteur:lce Diffteurlt-;lce I%Jiil;feesrsel;rcee W%ifght I};:z:g o?zfi- Trzlilecttfer MIZIi‘:?Sre Eliji;;ogi-
ime e | petween | between | between est Piece| tion | Goer | Content | tion
Air Wet Bulb Air

4 to | tamtw | ta—ne | Po=Po W oS O |10 -sg/ca.
(hr) (C) (C) (C) (mmHg) (=) g/em-hr) nf-hr-C)i (%) _|hr-mmHg)

0 345 11.2 34 46 120.645 95.28

5 395 1.9 2.8 10 117.527 4.01 12.11 90.24 4.22
10 39.0 1.8 2.8 0.9 113.967 3.87 12.34 84.47 4.30
15 39.5 1.8 2.9 0.9 111.075 3.34 10.65 79.79 371
20 39.0 15 2.8 0.8 108.405 2.67 10.22 7547 3.56
25 395 1.2 2.9 0.6 106.625 2.27 10.86 72.59 3.78
30 40.2 0.9 29 0.6 104.622 2.19 13.96 69.35 4.87
35 39.5 09 2.9 0.5 102.976 1.60 10.20 66.68 4.87
40 40.2 0.9 3.0 0.5 101.952 1.82 11.60 65.03 3.56
45 39.0 0.8 3.0 04 99.950 1.87 13.40 61.79 4.04
50 39.0 0.7 30 0.4 98.837 1.47 12.05 59.98 4.20
55 395 0.6 31 0.3 97.502 1.60 16.30 57.82 533
60 40.2 0.8 31 04 96.167 1.60 12.25 55.66 4.00
65 39.5 0.7 31 0.4 94.832 147 12.05 53.50 4.20
70 39.5 0.7 3.2 04 93.720 1.20 9.84 51.70 343
75 39.5 0.7 3.2 04 92.830 1.34 10.98 50.26 3.83
80 39.5 0.6 33 03 91.495 1.47 14.00 48.09 4.90
85 40.2 0.5 34 0.3 90.382 1.20 13.78 46.29 4.80
90 40.2 0.7 3.5 04 89.492 1.25 10.26 44.85 3.57
95 384 0.7 3.5 0.4 88.291 1.34 10.99 42.90 382
100 40.2 0.7 3.6 04 87.267 1.42 11.64 41.24 4.05
105 39.5 0.7 35 04 85.932 1.47 12.05 39.08 4.20
110 39.5 0.8 3.6 04 84820 0.94 6.75 37.28 2.35
115 395 0.5 3.6 0.3 84.375 116 13.32 36.56 4.64
120 39.5 0.7 3.6 04 82.906 3418 .
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Table 14. Wood drying process.
Species: Hinoki.
Thickness: 1cm.
Direction of water movement: Longitudinal.
Tempera- | Tempera-| Vapour
I?rrying Te rﬁ;i)rer a- Diffteurreixce Difft;'re(;ce [gz;feesrsel;f:e W%ifght I}:{\?;;ogi- Trglec?fer MI::I;;?S re }}i a;t;, o?zf—
me | ture vlv)'z tov‘gezr; d ]b)egvzzxé ‘;}it)vgez‘r‘l g/ Test Piece| tion Cc(i’:gl' Content tion
Air Wet Bulb Air
6 ta ta—tw | ta—tw | Pw—Pa w (10_‘3" (kcal;e U (10,{}; Jem?-
(hr) {c) € (C) (mmHg) (g) g/en?-hr)| wf-hr-C)l (%) |hr-mmHg)
0 344 7.5 51 3.8 90.954 203.3
5 39.4 3.0 3.8 1.5 85.939 6.09 11.85 186.5 4.13
10 39.0 29 3.7 15 80.934 6.22 12,53 169.9 4.36
15 39.0 29 3.7 1.5 75.701 6.09 12.26 162.4 4.27
20 39.0 28 3.7 14 70.924 595 12,20 136.5 4.25
25 394 2.8 3.7 14. 65.919 5.63 11.34 119.8 3.95
30 40.2 28 3.7 14 61.824 553 11.34 106.1 3.95
35 40.2 2.8 39 14 56.819 581 11.91 89.4 415
40 40.2 2.8 39 14 52.269 4.98 10.21 74.3 3.56
45 394 29 38 14 48.629 4.70 9.99 62.1 348
50 40.2 2.3 39 1.3 44,534 4.56 11.38 48.5 3.97
55 40.2 2.0 39 10 41.121 3.60 10.33 37.1 3.60
60 40.2 1.6 40 0.8 38.619 2.62 9.39 28.8 3.28
65 40.2 0.9 40 0.5 36.799 1.53 9.76 226 3.40
70 394 04 40 0.2 36.116 0.69 9.90 20.4 145
75 39.4 0.2 39 0.1 35.661 18.9
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Table 15. Wood drying process.
Species: Hinoki.
Thickness: 2cm.
Direction of water movement: Longitudinal.

Tempera- | Tempera-| Vapour
Deving A I, e i IS, | Weight | Raie of [ HO8 | Mean | Rate of
Time tug:ra between | between | between TestoPiece V?ign Coeffi- Content tilo)n
‘Wood and| Dry and [Wood and cient
Air Wet Bulb Air . . = A
(::a) ( g) t“(°Ct)W ta("Ct)w ;Wm;ga) ( Zf) (lgo/;l?l’-hr) (k:l?-lf/lr-"c) (%) ﬂf;fﬁ{?;)
0 36.0 7.3 45 3.7 124.35 114.82
5 39.5 31 3.3 1.6 119.55 6.70 12.40 106.53 419
10 395 31 33 1.6 113.45 7.64 14.15 95.99 4.78
15 39.5 31 3.2 1.6 107.12 7.22 13.37 85.06 4.51
20 385 29 3.1 1.5 101.69 6.50 12.86 75.69 433
25 39.0 29 3.2 15 96.04 6.80 1349 65.93 4.53
30 40.0 29 33 15 90.62 6.87 13.59 56.56 4.58
35 39.5 29 3.2 15 84.87 5.42 10.72 46.63 3.61
40 39.0 28 3.2 14 81.81 3.97 8.14 41.33 284
45 38.5 24 31 1.2 78.42 4.36 10.42 3547 3.63
50 39.0 19 3.3 1.0 75.70 3.95 12.24 30.79 3.95
55 40.0 1.6 34 0.8 72.99 2.16 7.76 26.10 2.70
60 39.5 1.4 3.3 0.7 71.18 181 741 22.98 2.59
65 395 0.8 33 0.4 70.05 0.96 15.53 21.03 2.60
70 38.0 0.6 3.2 0.3 69.60 0.42 4.00 20.24 1.40
75 39.0 0.5 3.3 0.3 69.38 0.55 6.34 19.86 1.83
80 39.5 0.3 34 0.2 68.70 0.55 10.57 18.68 275
85 39.0 0.3 34 0.2 68.47 0.19 3.67 18.29 0.95
920 38.5 0.3 33 0.2 68.25 17.90
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Species: Kunugi. Thickness: 1cm. Species: Kunugi. Thickness: 1cm.

Direction of water movement: Longitudinal.  Direction of water movement : Longitudinal.
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Fig. 19. Relationship of evaporation rate Fig. 20. Relationship of evaporation rate
to temperature difference between to temperature difference between
wood and air. wood and air.
Species: Kunugi. Thickness: 1cm. Species: Kunugi. Thickness: 1cm.

Direction of water movement: Longitudinal. Direction of water movement: Tangential.
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Fig. 21. Relationship of evaporation rate
to temperature difference between
wood and air.

Species: Kunugi. Thickness: 1lcm.

oO

Direction of water movement: Tangential.
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Fig. 23. Relationship of evaporation rate
to temperature difference between
wood and air.

Species: Hinoki. Thickness: 0.5cm.

Direction of water movement: Tangential.
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Fig. 22. Relationship of evaporation rate
to temperature difference between
wood and air.

Species: Kunugi. Thickness: 1lcm.

Direction of water movement: Tangential.
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Fig. 24. Relationship of evaporation rate{! §§

to temperature difference between
wood and air.
Species: Hinoki. Thickness: 1cm.
Direction of water movement: Tangential.
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Fig. 25. Relationship of evaporation rate Fig. 26. Relationship of evaporation rate
to temperature difference between to temperature difference between
wood and air. wood and air.

Species: Hinoki. Thickness: 2cm. Species: Hinoki. Thickness: 1cm.

Direction of water movement: Tangential. Direction of water movement: Longitudinal.
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Fig. 27. Relationship of evaporation rate to temperature
difference between wood and air.

Species: Hinoki. Thickness: 2Zcm.
Direction of water movement: Longitudinal.
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FA—EE T CRREENRE CthhE, B, BfETRovrACrrbbT—EDESE
REYRTIEXBEX LT3,

HLEREENR R ->Th, AREARAMOBICEEZENH07~10CE > T\ 5T
Lk, BREEE SR HREILTCLERE> T 20 TERNDOREL LI L5 —E#E
THoH0, BHICILZPETHLIILELLIE, LL, IORXECERTOILE
NHLOT, ZZTREEBIEDSTE L,

LLEoBEEL S, AR EAMREOMC I°COREENSHDH L&, lem® Bih,
1hric 2xX10 3 g R MERT L 2 Licie 523, KB IREBELI 5O T 2X107° g/em?
hr K4 0\ EFT B Loy, 574 cal/g X 2x1073g/cm?®hr-°C=11.4 kcal/m*hr-°C L ¢ 5%,
FAT R 12 BMEE R 10 keal/m2-hr-"C I fbX5B &, A-TKRHPBEE LY, HTUTLBAE
DHENEL I >TLE -7, ChiBBFOREIOMERCIZIDEELDRD, L
T TARMBEET S O THBS EAT 20 Ebh 28&E S, K5 ##E?» D
BEN DRI DB R, AR DEREBCHEANL L EBRAL TL LWL THE L%
RLTVw5,

Bl & > THBELTHRSDE, Table.5 DFEA, 30WMEH & 5EMEDRT, 58
M7 h K FEREIL 258 T, RBCELBE X 1400cal &7c5, XNBEELACEL
BB, R¥53g, Ko 19g % 5B ¥47 0 02°C LR X ¥R, Tcal w3 ¥4,
I e bis v, —TTARM L D5 EEo BB, REEKES 20% & ThiE, §20cal/g,
12% & LT H# 50 cal/g v &9, B 574cal/gic b3, 10% LIFThb, HHE
DEAEETL, MU TEELORD,

BREREARMOBEEZXIS Z L X0, OB 2 ORBEAYHETSH 2 L3 HE,
REENE L 7o o oRTXEIRAE T LIcZ E 2 HID 2 EBMRBRTH S,

5 #& E

LLEDOFEBRIREANTLLLOT, BC—BoERYEML, BEOR LZIINADL
Fhidiebigwn, RZEREELARR L OMCIXHLABGRYNS 50T, GEEE, 4K
A 8% W5 Eic, BFc, EELAFELANLDERDTHS S,
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Résumé

The drying process of the wood were observed in the forced-convection kiln at
40°C, 75% R.H.. The water movements in longitudinal or tangential direction of test
pieces (1 cm in thickness and 10cm in diameter) were measured with Kunugi (Quercus
acutisstima CARR.) and Hinoki (Chamaecyparis obtusa ENDL.) as materials in this study.

The sides of circumference of the test pieces were coated with vinyl tape to
assume unidirectional diffusions of heat and vapour in perpendicular direction to the
circular surfaces. The temperature difference between wood (1 mm inside the surface
of the wood) and air (10cm off the surface) was measured by the thermocuples, and
the evaporation rate was measured by the spring balance and was put on record
by use of differential transformer.

The experimental results may be summerized as follows.

The rate of evaporation was in proportion to the temperature difference between
wood and air (its coefficient was 2x107% g/cm®hr-°C at 40°C, 75% R.H.). (See Fig.
17~27). If we dry the timbers under the same condition, the change of the evaporation
rate and the moisture contents in the process may be calculated from the change of
the temperature difference between wood and air.



