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AL Z NS AR OEMEEI T WEED PR 2 EIC U T, R EARRES X OSSR
BEHCHENT D0 7 277 7R ERL, ERNCHAL 2X5BI F2hibDTHD-

TR ARMRE 2D KT ORIEEZIT LGS, EEAENE 100°C LI EOEHRTMEAL 887 L
DX 5, MBI (heating medium) DEEAIMEAERE 727 HICRMREREICEL < fab 7on&M:
DIRE EAREXE LA R EL L RETH IO TEML, BE, Bk X OCBEMRD X5
TR RO B RER2IEFTE, MAERD KM RERE & MAERDORENEL AL 5 54
DN TIRFELCLDTH D,

KRR EHEID 2D OV FRLEBRY bW Y/ NREAMBE, ENBRAMHEE
£, BIOHREMARM WA IEERCERT S .

2. BEEHBEXBOELETEER

A ORE EAREYFTRHMC S L5 EARNIBEEFEXTH Y, JO—RRELL LdMRLVWDT
MEAG AT 2R M AREL UFRRLE X, RO MERHIC I 2 RMARORIENFE &
hahev,

LHL, CORKRRBLY W HWHIET S 2 LR THREFC L OTIFFREN TH Y, FRSLnD
PNERTHS. Thwz, ZOEHRRY BRCERL ClAHTAR It T oD 2 & FHEVIRH
L, Tishb, BREHFENRI—BRCBERKOBTRINDLOT, ZOBHOHMEE THGIUE
BEEMEIN D20 EREIL, IOKMRLERED 2 %KD DZRCEBRL T 5 —EEERORE L
AR 20, WOEREKMEFLOMEE S Lo,
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DOELDOBEEIGIC Ao T B R HRsKO MBS AR TR S ¥ D lodicik, ETXETHEEOH
AYFFEERABEL T —ETH D LW REDBRETH D, 2 OHPENICL 722> T 2 DDEHEDO—FH D
HREAEEOERKC Suffix 1 #20F, A Suffix 2 25T 2 oDERBOBFREY L L5,

2. 1. 1. JAKMOEE

& DO ERBIREY FICRT .
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A _a,[ o + o 01‘.] ................................................ (2)
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T‘—=§-‘;—l ................................................................ (5)

(5) KXo MBI RO 2 BiTIbAIL, BIKERICHIEAIT S = 2 230 5,
2. 1. 2. WHOHE
(1) KOBEFBIURCEEHFEOETES x LIBHFFEOETE Y OEKBFE xe=kex1, y2=kyy1 %%
T, WM OBMREHEKX
o6 _ (6% , 0%
R (-6—X2- BT (6)

ARAL, Bl & FERRFRAYTS &,

T TR TR (7)
Nrbhb.
WEXBIVCYZIREL B L OWRIB b ICEHBET S &
t _ a2 h, 2=a'g by 2_ @q 2
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BEE RIS BT B

BREH R OIIRR D D i IR A FHET 5 BRI 7 353 o b RO B EE A L e

2. 2. 1. AKMOBE

HE 2 DREIKM D05 (LREHERE T &

Am

9; mel a

L 61 MEERE °C
00 Kb OREHEE °C
@t KM OBIKEE m/hr
0; tHEo r HoEE <C

DIRIRRTREINDBY,

J}(_Am)
NS ¢ W Y x Tevw s WIEEEELRRRLRRRRS 9)

JoJu: O RILUT1 RD Bessel BT Fig. 1 ©FOREREY =T,

v*(e)ﬁ@h(“')nm@m§<r=

0) #fLALT Fig. 1 25 Jo(0) %%+
BL1IeD, Fio Aw DEFEMEEE A/
(keal[mh®C), MEMIADEME R W' (keal/m-
B°C), 38 XL USLAM R alm) 12 X >TE(L
LROBIZN D 5 -

!
h . a=a,,d 1(7\/::)

A ) Jo(7\m)

(10) KD rw DRIE M =1~5 OFFAT Fig.
2HRENY, F7o b LNEMEAA, FEBIL
TV BRI 1 200~5,000 keal/mheC, Pkl <
WHHRIK 1 4,000~6,000 kcal/m*h C, B L
DOHBEK 1 7,000~12,000 keal/m*h°C i
ETHHOTY, LRMOAKM&EHIKS B\
AL 72554,

’

T a>bh0 rAiL S B,

%n@z,ﬁwmm§éa~xoﬁabrh

2,405, A2255.520,...... 2R, (9) XA
DEFHEFETSH L Table 1 D=2 m=2
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Table 1 F#{] Example of calculation
Value of m { m=1 ‘ m=2 ‘ m=3 l m=4
Ji(am)
5 > D +0.800 —0.532 +0.426 —0.365
7\1;;.{]0‘(7\711) + J1'<7\m>} ﬁg
— (_7"3)2 .t
e . a DfE 0.2615 0.0008 | 0.2X10°7|0.5X 107"
B t=1hr, a=6X10"*m*hr, a=0.06m
A \?
—a (__ .t
01— 0, =1.60 a ) .............................................. an
6,— 0,

B 0w RMHLEE °C

WERBEOMEAGM & U CHIEREE 0,=0"C, #ukick b (FLRE&KIC L) MEVEE 0,=100°C,
FAMOER 0.1 m, BYKELROME a=6X10"* m*hr LT (11D KOEIMEARRE = & OFULIREE 6.4

#5835 r Table 2 Bz bhb,

Table 2. 5}## Example of calculation
. | ] o
i
moE R [ _ (?\1)2. - ’\l)‘.
(heating time) e\ 73 t 1.60(61—6) e * ( a t O
- °c °C
/2 hr 0.5016 80.2 °C 19.8
1 0.2516 40.3 59.7
2 0.0640 10.3 89.7
3 0.0158 2.5 97.5
4 0.0040 0.64 99.4
2. 2. 2. WHOBHE

WHOEZHh, @b & LEIMBEFE L b HoEWH (BHFRD 10 {HLE) oEERER (6
K) DRRIRRTREINDY,

7272L, WEFROBIKER o LIEHFRD @ 123 LA LEENBDONILVWDT, ar=a,=a }
T5,

z::g,.z(%)g rnl-n El %1 e —ﬂgat{(ﬁ)#(%)‘} Sin any - Sin _“%Y c.(12)
m, n IFK
KX LHLRE 60 RFHTBIL, x =12‘-, y =%a:}svfﬂ%§ﬁ?6 &,
JE T [A($+#)_%A(h%+l%-’)_;A(l-}--‘-l??)_,_%A(h- )
1,25
+%A(h2+bg)— ...... ] .................................................. (13)
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A= e—n’“azt
Zis%,
ARM LEL S BUEORESRM L LT, WHAHEE 0,=0"C (BESH—), MEEE 0,=100°C

m
L, WER0.1m, FIBZEID 14, 1.51%, 2.0 5%, 4.0 LT%%&Z&@TI_H A{(H) +(g)}

HEFHET 5 L Table 3 O RENB, £FK»D bh=1 T 2HUTEEYL > 5723, b/h=
1.5, 2.0...... LIBIE DRI I B2 T 3 T8 B LSS 5 TH L A ECHORIE R IBR L /s & T4 72
BE,rZbhicwv L2 L b/h=d 20 XEFEBEEHEOLD 1 RITROHE 1] (14 X)) <57k
ENzbhdz LuaBbic,

Table 3. FHf# Example of calculation

1 9 25 , 1 1, 25
S L+ 2 g 1 +
| h2 2>'1—(h° *) (h2 b2>L he b?)L(hﬂ bg)
} A '3 3 = A 5 A S A
%zg:} m! 0.3055 } 0.00089 ’ 0.00089 -0 -0
h=0.1 | ;
b =0.15 { 0.4257 ‘ 0.00125 | 0.0173 ’ -0 -0
h =0.1 i
b =0.2 ' 0.4771 0.00138 | 0.0488 ) 0.0027
h=0.1 i ]
b—0.4 j 0.5350 | 0.00160 ’ 0.1320 | -0 0.044
ot =1 ], e=6x10"*m*hr
IRTEXRELTRANE2 DR,
1
O.n il_ h?
A T 14

Table 4 (XAJIRDOFET 00 REHLLERELYRT,

Table 4. ¥ Example of calculation

| h=0.1 " h =0 h =0.1 h =0.1 h =0.1
(heating time) b =0 b =0 b =0.2 b =0.4 b =00

1 hr. 50.3 “C 32.8 °C 30.1 C 29.7 °C 29.2 °C

2 84.9 70.7 64.0 61.0 60.9

3 95.3 86.8 82.1 78.4 78.4

4 99.6 94.6 91.5 88.1 88.1

5 — 97.7 96.0 93.5 93.4

6 — — 98.1 96.5 96.4

8 — — — 98.9 98.9

10 — — — — 99.7

D h=0.1 b=co DFfRIX1KTOBRCEHFERBNLRDILDTHS.

2. 3. REXEGELEBEFRHGLOBER
FEOEESM L L COWEIARMERE 6/, NEVEE 6/ LEEDEELRMAETHS 0,=0°C, 6,=100°C
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L OO WHRAE L FohIT RO FENE 2 BRI b,
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1— Vo
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I BRIC 7o 35 L IR RIZRISIL, £ Oftg (15) RICHAT T < COERAFCHT 5
DEEN KD RS-
e DA D R DB AR B I ARRTR (1), bhZe ofthei sin o

NEETHOT, ThBMEBECHY K TAKL CHMENZEL &,

6,—0 6. —9/ 0, — 0,
0—8, m—eK BB G ey Ty K 7P
60=106— K (100—0,,) .
...................................................... (16)
g’ =91/— k (iel,_ 9'/;1,)

Nzbhsd,
Fig. 3 X0 Fig. 4 (3AAKM I Lok (b/h=4) OKEZRT,

>

3
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=
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/]
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&
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T "o 55 S
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Fig. 4 WM (b/h=4) OAIBEIERE

Fig. 3 SUAMOIERIERLK
Relation between correction factor and
distance from the surface to the centre

Relation between correction factor
for board of width/thickness=4

and distance from the surface to
the centre for long round timber

LI EEELAORE EARE L (5), (8), (15), (16) OHEXEA UL, W RDEERAHTIE

CBEFENTES, SOLETEEBRHCLFALI B LS5, 75 7% Ek T 5 & Fig. 5, Fig.
6D rTh,

CFrEHs1)
£ 2:=0.30 m, BUKEEE a:=4.5%10"* m*/hr DEI A% 80°C D

HHAARMERE 60/ =20"C, A KEFE
Hok THEAL 758, IEAER 10 BERIO R LIREE 6./ 35 X O L Lo HIHE x/r=0.5 OEOR

a2 XS5 70bRDD,
L Lok
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e’m’(, A
80 —70
- 60
70 g
’ . r o r
Bm P g E
(temperaturect the center pont 60 1O =50
of weod in Gy gven conditions) | A )
& 10w EE e
s =50 90
(any gven neating temperatwre) s Toy N E
@ mmaEE F T LROA R
any grven et woo L L N
79 tomporature) 40 .70\ (round timber)
i " 2 Rt m/ & 10
60 (board) (widti,/thickness)
30 50 3 - “ 15
- k40 4 g “ 20
=20 :'30 5 . v 340
=20

POERBE RS e ( heating time)
|2'go) (2%5) (280 ('78) (rseom uzs) “02)0 s 52 (25>
(040) (0°36) (032) (028) ©V24) 1020) (16 V12) (9P8) (001

Fig. 5 ERKHCRFT2HLEES B\ IMEEHLd LD 72757
Nomograph to find a heating time or temperature at the centre of wood
in any given heating conditions

g ]
80 70
Fig. 5 D 3 GEROMENCR T IR =10 Ff g Rio 8 C Mo R AL
0 P -60 (temperature at any given point )
DEIILEEEYTL, ER30em LDOEEAR L 20, fm f o 8
L - - 30
C O% BEEC AR OO 4 glRoms T [0 7 o [
R 4.5X107 mihr LOIEEND, H1GEOAKN o fo [ (o e
o
[ . r T,
DEHERE AR 1 ST 2> TRIBICF TR T | - Lo Lso
’ ’ Y F
75 RN ) 0'—6,"_80—20_ T -
TEAERDT & SHIH 2 §Ro— 100 o A Y Lo oo
20 L koo b
0.6 DR ABETFC, 0/=80°C LOMKIEEL oL Lo o S
’ 5 N 3 120 F
T 0w DEZ XL 2 48°C 4 b b, LO LO |80
x[r=0.5 DRIBDOEEIL Fig. 6 © 6..' DL L
50

48°C % b, 0/=80°C DpFETATBHICIER Fig, 6 FubIEES: & E RO RE

L, Fig. 3 2.6 x/r=0.5 DAERIEREK K =0.670 LB IESFT
b LT, KEEED 0.67 > DZARIEEL Chix Nomograph to find a temperature at

any given point from the definite
L0, —ofEMD 0/=80°C LORHEE ILIITIE centre temperature
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ELT ¢ BEDREL LI s 58.5°C 233 Lobh5 (ex. 1 DEBETHET),
HEs7e2rs70bd rolftis, MEAFTERIL L LdERIE TS L, £ (5) XnILlE
P <3 s o WY1t ey A BN

o= (5:3) (E5ka5w) ¢ =0s i

t T ALEEEY (11) Xb 2k Fig. 5 OF 1 RWLL L L5 2 47.0°Ciiins. Thdpx,
6, =47°C, 6,'=20"C, 0,'=80°C % (15) RKIIGCATS &,

_go (100— 4{3(()80:2_0)=48.2(°C)

HRLEEE S,

FME & LD x/r=0.5 OEEL (16) o5

0'=80—0.670(80—48.2)=58.7(°C)

Nhrdbhd,

ZhBirnwThd 7 275 7 TRDIE L L —HLTWBZ L&D,

Gism 2]

EX 50m, 1§ 25 cm OHiM%E 80°C OEGKTHEAL 7856, WALIRED 60°C 12T 5 ¥ TOR
xd 2t TR UM ORMEE Y 25°C, BKEERY 4.0X10'm¥hr T35,

b Ld

7 ®7 37T DB, HWiflE ¥ o7 HEDOFHFETIBE T AUINERHLS Hbi, MAfR(ex.2)
Tl rs 08BN LbNS,

WESSEEETCEINT S 1, 0,/=25°C, 6,/ =80°C, 0..'=60°C IZ i} B IHERM L&D LB E 6,

Table 5. #& Ik # X o {#

Thermal diffusivity varied with heating medium, spcific gravity and moisture content

sk, HEglow | Bokomw | moE oma | woaomm | JVE T IR
(specific (hot water heat- (hot press heao.t- (steam heaténg) below | above
m. c. gravity) ing)below100°C |ling)above 100°C! above 100°C 100°C | 100°C
0.8 ‘ 5.1X10°* | - Va
0.7 5.1 '
0 0.6 | 5.2 | |
0.5 | 5.3 ,
0.4 5.4 ‘ g g
0.3 ’/ 5.6 L / v
0.8 ‘ 4.0x107* 4.4 | 4.9%X10* [ 3.6X 10" 4.0X10°*
0.7 4.0 4.5 \ 5.0 3.6 4.0
20 | 0.6 | 4.1 4.6 | 5.0 3.6 4.1
‘ 0.5 ’ 4.2 4.7 ! 5.2 3.7 4.
0.4 ‘ 4.3 4.8 5.2 3.8 4.2
0.3 1 4.4 | 48 | 5.3 4.0 4.3
0.8 4.3 4.7 5.2 4.0 4.3
‘ 0.7 4.3 4.7 l 5.1 4.0 ' 4.3
60 0.6 4.4 4.6 5.1 4.0 4.4
0.5 ? 4.5 4.8 ! 5.3 4.1 4.5
‘ 0.4 4.6 4.8 l 5.3 4.2 4.6
0.3 | 4.7 4.9 5.4 | 4.3 4.7

2) ~—5 4 ?/lx?k— F @?&Waﬁ%&imubﬁgoxﬁ@ 0.8 %, 77-4. S FIZ 0.5 fE
(HE 1.00 g/em® LUFIBER)»
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% (15) R bEETS L,

_qon_ (100—6.,) (80— 25)
60=80 100

M 0,=63.6°C 2z b, 63.6°C ikt 2 MEERL Fig. 5 O 1 D b =10cm, h/b=4
b t=2.15 B2 2dbhb,
t1=2.15 EERNIEL 10 cm, BIKELK 6.0X 107 mhr OREIER AT T 2ETH DD L, (8) Anb

B 0.05 \* ., 6x107* N N . H
ta=2.15% 2.0 ) 8X10°=0.81 (D BB\ 1% 48.6 Z340b L BAHICI 5.

T BAM OEEECR OMEITE (FuckiE), MR, SARILLRCIOTESIRIDH, EHR
WK BRTREL TS, Table 5 X KMBOBKEERDOEL RLICHER LI Lohx o910,

3.6 F v

LI ESAHB L ORM ORISR BICETET 5 120, FR»ORFIN T EEFEROME D &
LT, —BEEEOMEEA:, KM FATRG 5 FLBORE EAREY b & DMDEERA L ORIOH
FREETES IR HEHEEY R L 7 27 5 72 ER L1,

K IEMERDEIE DS, TMBARM ORERE T/ BICELL D, Lid IEAgRoB R
Bok, ZRSINEL, BWHUME &0 X5 WIERCEWERICEA T AR EA K TH S InMiEsfE N 1
DARM%Z 100°C LI EOERCTMEAT 256, 2 WIXESIEOH & OSBRI W T bkt
LT@L2b D THD,
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Method for Calculation of Temperature in Wood During the Heating Period

Kamoya Ounuma

(Résumé)

The purpose of the present paper is to extend and simplify the application of the
differential equation for heat conduction in wood.

This has been done by means of graphs showing the relation of time, temperature,
dimension and distance from the surface; after the calculations have been made at the
centre of wood for the assumed initial wood and heating temperatures (=0°C and 100
*C), the thermal diffusivity (=6x10"*m?hr) and the diameter of round timber or
thickness of board (=0.1m), the proportional relations (Fig. 5, 8, 15, 16) which exist
between temperatures obtained under different heating conditions make it possible to
use the computed data when the wood and heating conditions are different from those
assumed in making the original computations.

Also obtained is a temperature at various distance from the surface by use of Fig.
4 and 5. From the standpoint of practical use, the nomographs of Fig. 6 and 7 are
applicable to easy calculation in any given heating conditions.

For example, the broken line (ex. 2) of Fig. 6 shows the tracing one required to
find the heating time needed to obtain a temperature of 60°C=6, ' at the centre of
thickness when the following conditions are given: thickness of board=5cm, width=25
cm (width/thickness>4.0), heating medium of water, water temperature during heating
period=80°C=#.’, initial wood temperature=25°C=6," and thermal diffusivity of wood
=4.0X10"*m* hr.



