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Résumé o . (;}
_"To culculate the temperature c_iistfibution in wood when they. are heated with
various methods, for example s}vith;'stéamiﬁg, hot press, hot air or hot water etc., are g
‘very 'impor.tz/int in :‘%;vcjod utilizations. 1 'investigated about the éub ject and summarized
the solutions of practica]lyjmportant.‘ problems as 'fol_lvowing. _ T think they will be

".sufficient to apply for any problenis farther on.

- 1 Equation of heat convduction_‘ in wood
(1) In rectangular Coordinates.
The \equation of heat conduction in wood is given as

ot 0% 0%t 0%t ' ' ) :
a‘ar—ax*a?—i'a!/a}‘z—i— az.agé...v._-............................................j....'(l)'

* where | t ~ temperature at any position and time in wood
.8 ~ heating period |
Ay Oy O ~ therr;lal diffusivity of wood in di-re(;tion
| IR z ; i.e. radial, tang-eﬁtia] and par.allel' to the. grain
X, y; 2z ~~ direction of heat flows o | .
(2)> In  cylindrical coogdinafes |

The value of a, is approximately equal ‘to that of «, in praCticé, so let

‘ . : ’
az=ay=a:, A;=d«, X=7 C0S ¢, y=7 sin ¢, from (1) we have

ot (o 18t _16%\, o | PPN
% —'m(m‘—z + o7 + ?%_2) + T B e ey
_ where a., «, ~ thermal diﬁusivity vertical and parallel fo the grain.

If we assume the log as a cylinder, eq. ( 2) can be applyed to the heat conduc
-tion in log - | o | | 4 “
| Since a:l‘/cR‘v (2: tﬁermal conducti:/ity, C :vspe_cific heat, R : dénsity) the
inﬂuence'of--temperature' ¢ and the density R (cons'g:qu‘eritly the species of wood)
" on- a. are very small and1practica:11y it can be ‘7ec6g11i2ed‘ as a constant, but of the

moisture content z is pretty large and a varies with u. _Thus', in the case the

moisture content # changes largely during the heating period, it is important to

‘notice that the farther discussion must becomgs necessary for Afbl]owing’ solutions. -

&z

I Heat conduction in plate timber ‘ .
1. Heating with hot water or hot air.

.(a) When the temperature of heating medium is constant i-fC. Frorﬁ egs. (9),
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' (10) (11 ) and (12) we have the solutlon (13), where h= h’//l h is coeff1c1ence o
of heattranster and. #, is nth real root of cotu=u/ha; 2a is the th1ck-ness
'-o.fplate. If the initial,temperature distribution’ f (x)='to,»_ let f(A)=1, we have
the solution ( 14) and for thevtemperature of midplane, i'-m,.vlet x=0 we have
 the solutlon (15). o - ' | | B

“(b) When the temperature of heatmg medlum Lhanges as a function of time
' (p(ﬁ). Applymg the Stokes‘ method, from egs (9), 10, (17) we have the
solution (20) "and if the initial ’temperature dtstribution’ f(x)=t,, solution

(21) For the f,. let x=0 we. have the solutlon (22) ' :

2 Heatmg with hot steel p]ate or steammg v
(a) 'When the temperature of steel plate surface or steam .is constant 4°C.
"~ From egs. (9), (10), (24),» (12) Wehave th_e solutron (20). ~ If the initial
’ temperature' is 4°C . we have (26) and for the £, solution (27).’ It muet :
Vbe notlced that when we use as the heating medlum the condensing steam, the
coeff. of heat transfer I 'z'. e. h—h/x increases extraordlnarlly and at'f_the
extreme h—»oo cot u—*O so eq. (13) c01nc1de w1th eq (25)
(b) When the temperature of steel plate surface or steam cl;anges as a funct1on'
1

of tlme <p(0) et h—_—>oo, ice. un———%%—— T, SN un=(-1)n"1, cos z_tnzo, from: eps.

(20), (21) and (22) we have the solutions (29), (30) and (31).

l[I :Heat‘ conduction in long balk timber

1. Heatmg Wlth hot water or hot air. .
(a) When the temperature of heatmg medlum is constant t,°C. From eqgs. (32),
(33), (30), (35), (36) We have the solution ('37) | '
i the inmtial temperature is, 1,°C, let. f (4, /u) to we have the solution (38)»

and for the tempe rature of m1dax1s tm solutlon (39), Where U, is the n— ,th'

real root of eq. cotu= 7;% and U 18 m— th root of cotu= hb

(b) When the temperature of heating -medlu_m changes as a function. of time
10 A § -
\ Frojm, the eas. (44),\ (33), (45), (46) we have the solution (47) and if the
f (x, y)—to solutlon (48), for the b solutlon (49)

' 2 Heating - Wlth steaming. \

1

(a) When the temperatute of steam is const. L‘1°C Let oo i.e. uy= (2951) 77,,
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=Q2'”_2:1_>Eetc from eqs (37, (38), (39) we'have the solution (50), (51) and(52).

- (b) When the temperature of steam changes as a functxon of time- ‘¢ (8).

, Let h—>oo from €gs. (47), (48) and (49) we have the solution (54), (55) and (56).'

M Heat conduction in short balk timber
1. Heating with hot water or hot air '~
(a) . When the temperature of heatmg medlum\hs const. HeC.

From qas. (D, (57), (34), (85), (58) (59 we have the solutlon (60) If the

’ 1n1t1al temperature distribution f(x A z)-~ to 18t f (A u, u)—to we have the

solution (61) and for the temperature of center let ¥=0,y= 0, 2= 0 solution (62) o

(b) When the temperature of- heatmg medium changes as a functlon of tlme 1 (g) ' _
. From egs. (64) (57), (45), (46) and (65) we have the solutlon (66). If the
1%, z}=to we have solutlon (67) and for the 2, SO].U.thI‘l (68) |
2. Heatlng with steaming. | ' '
(a) When the temperature of - steam is const. L°C.
Let h—»oo from egs. (60), (61) (62) we have the solution (6@), (70) and (71) :
(b) When the temperature of steam changes as a funct1on of time <p(0)

; ‘ Let h—>oo from eqs (66), (67), (68) we have the solut1on (73), (74) and
- . A '

V ‘ H\eat conduction ln long round timber |
1. Heating with hot water .o'r-hot air. ‘
| (a) E Wheh the temperature of heating.medium isl const. ' #; °C.
From eqs (76, (77) artd’ (78) we have the solut10n (79). If the initial tempera-
. ture dnstrlbutlon f(r)=ty, let f (77) -fp we havc the solutlon ( 80) and for
temperature of mid ax1s let =0 we zhave the solutlon (81)
Wher-e; Aw' 1S the, “m th pos1t1ve root of eq. x]](\x) ~_ha]0(9;)=0;
() When the temperature 'of.‘heating »'medium changes as a function of t/tme
e | , ,
It‘rom eqs. (76), (77) and (83) we have the solutlon (84) If f(i):t('). vre have
the solutlon (85) and for the tm solut1on ( 86) |
2. Heatlng Wlth steammg . A '
‘(a) When the tempe_reicure of steam is const. #,,C.

Let h——>o<§, from the condition x i(x)—=h, ]o(_x).;(); we see that ]o'(x)'——fO SO

. #33
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eqs (79) (80) and’ (81) may written as (87) (88) and (89) where lm is mth .

positive -root of eq ]0(x) 0 . T
(b) When the temperature of ‘steam changes as a functron of t1me go(ﬂ)

Let x——>oo from eqs (84) (85) and (86) we have the solutron (91), (92) and

(93) 5 f I o

-

. W vHe’atConduction in short round timber
N i Lo . | / S N
1. Heatmg W1th hot water hot air. S : T S

\
P

(a) When the tmperature of hea‘rmg medmm is const ti‘?C. ‘ , C

’ S
From eqs ( 94) (95) (78) (58) we have the solutlon (96) I ’the initial

temperature dlstrrbutlon S (r, z) t,, Iet f (77, y)ﬂt we have the solutien_ 97y

i

and for the temperature of center: let. 7= 0 2=0 solution (98) s
(b) When the temperature of heatlng med1um chang“s as a funct:on of time
o | o
.Mmmmmx@x&ummquHMwMM(m)Jtﬂmkn

we have the solutlon (101) and for the tm solution (102) B '
2. Heatmg with steamlng

(a) When\the temperature'of steam is const JHeC.
—1

!

Let h—coo i.e. T (%)=0, w,= ,sm upa( 1)7"1 COS #p= Ofrom eqds. (96)

2p—-1
T2
97) and (98) we have the -solution (103), (104) and (105).-
(b) When the temperature of steam changes as a functlen of t1me K% (0) ,‘_
Let heoo from egs. ( 100), (101 and (102) we have the solutlon Q,IOG), ( 107)

and. (108) e L

I na)‘*

1. Hunt G M. (1915) Temperature chages m wood under treatment Amt,r Wood—

Preservers Assoc. Prac. - 1_1.? L

(1923 26) Steam treatment Amer Wood Preservers Assoc Proc. 19 1923 20 1924

N B
i

22, 19%6.

2. erka, R M (1924) Temperature changes in Wood under treatment Amer Wood-.

e Preservers’ Assoc. Prgc. 20 ; ( 1925) ) ‘Temper ature an,d mmstule changes in wood \and '

steam treatment.’ ’Amer.'_Wood—Preservers’ Assoc. ‘Proc. 21.

- 3.1 Mac Lean,‘ 1.D. (1927) * Steaming treatments.” Amer. Wood-Preservers” Assoc. Proc. -

34



10.
11.

“13.
lm.
' 15.
16.
ST

18.
10

20.

21.
. 22.

Nusseit (1808) V. I) 1.7. Bd. 52.

‘R0W1ey, F.B. (1933) Heatlng Pipe”

A A OBMIEC BT B R L
23. L Vo o N \ _
Mac Lean, J.D. (1928) ‘/Eoilihg treatments.’ Amer. Wood-Preservers’ Assoc. 24.

Mac Lean, J.D. ( 1930)* Studies of heat conduction in Wood.” Results of steaming

~‘green Yound southern pine timbers. Amer. Wood-Preservers’ Assoc. Proc. 26.

Mac Lean; ‘J,.'Df C1932}‘ Stﬁdies‘ of heat coﬁdttction in Wood—Part 1— Results of }

steaming green sawed southern pine timbers'. Amer. Wood-Preservers’ Assoc. Proc.

Q%' o ',.' '\_.

A %= (1938) * *ﬁ/m%@iﬂ-m 15 B KEOM S KA O _FFEEBIC oW T
 EAHRELEE 20 05, - K . Y

mﬁﬁh%U%mfkiﬁﬁtmﬁ%mﬁﬁébeSmmmm@@%mom{;Bﬁ%

;a ﬁf;.u 22 : 11. : T © . -, |

Bittner, J. (1939) ¢ Furniere, Sperlholz, Schichtholz. 'rei1[1.

‘ Prioform-Handbuch. °(1930) 2 Aub] Berlin. _
¥ EI.LLL]H;%F‘ (1946 HuAfTRE L SR P—f‘i B‘C) Rowley F. B! (1933 Heatmg plpe)v -
f[m&OWﬁ#R@mzemﬁDMEvbTma
12.

Dunjap, F. (19i2) The specific Heat of Wood.” U. S Dep.iAgr’ic; Bull, ‘No. 11-0,

"
Y

Wa%hmgton

Iﬂ_oll“nann, r(1936) ¢ Technolog1e des Holzes Berlin. ‘
Grlfflths, E & Kaye, G-W.C. (1923) Proc Roy ‘Soc. Lond. Se1 A Bd 104:
Moérath, E. (1932) ‘ Mitt. Helzforsch stelle ‘an der Techn. Hochschule Dzumstadt
Heft 1. ' B

Koehler, A. ‘ The Prope1t1°s and Uses of Wood ’ , ' C
Mac Lean, J.D. (1935) ¢ Manual on Preservatn‘re treatmen{h of wood by ?lessure
U. S. DPp Agric.. Mlso Pub No 224, ‘

Gurney, H P. & Lurie, L. (19?3) Charts fo1 estlmatmg temperature dxstrlbu‘aon in

heatmg or cooling sohd shapes.’

»”fmﬁ%cmm>amk@egﬁﬁ$ﬂ¢i

Kollmann, F. (1939) Vorgdnge und Anderungen von Holmlgenschaften beim Diimpfen.’

Holz. als Roh-_und Werks_’colff, 2 Jg. Ht. 1. .

7

35



. Carlslav;'f,« Hf S

Bosch, M.
VAN

v

R 1l o SR

C HBe T

z

;F. Kolhjnanh.v

1
) .
b
t
:
(
i
-
[
\ -
s
; N

KM OB % M3 (TR 24)

<

‘ The Conduction of 'Heat.’

“ Wéirmeﬁbertréig‘lin\g." '

g meH

‘BER

RN R

fTeéhnoiogie des Holzes.”

! e}
Ty
.
i
. ]
{
S
\ \ -
ot
f
.
) )
\
i
4
!
.
Y
‘\

B B X W

AN

B



