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Takamaro Maku. : Relation between the Specific Gravity and Thermal

Conductivity of Wood.
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Table.1 Thermal conductivity in fibef direction

Moisture | Thermal Spec. | Spec. Therm.
Reporter Species Content | Conductivity | Gravity | Gravity | Conductivity
u % | M kcal/mh°| Tu 7o Ao
Esche 15 0,263 0.74 | 0.70 | = 0,216
Griffiths - |l by hte 16 0,191 | 0.41 | 0.37 0; 154
and
kaye Mahagani 15 ‘ 0, 266 0.70 0.66 0,218
Waloug | 12 0,284 0.65 | 0.62 0,243
Kiefer | 15 0,300 0.49 0,246
Tanne 12 0,220 | 0.41 0,188
Ahorn 15 0,370 0.59 0,303
Kollmann (10~15) ,
(Technologie || Buchsbaum 12 0,335 0.92 - 0,287
d (10~15) | (0.21~0.30)
es )
Holzes) || Stieleiche 12 0,255 0.€5 0,218
Walnug 10 0,238 0.64 0, 195
Nug (10~15) .
Teak 12 0,330 0.63 0,283

2u, %¢: Therm. conductivity at moisture content u, o,

» LT GrirFiTHS, KOLLMANN O EME T 20°C, 0 el (13 28 v %
WET B L
/1" =0.02240.346 ggrerrererrrareraemareaeniiiiiiiiiiiieieeaen. 3)
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Table. 2 x_—qB of conifers (Tracheid)

Csﬁgf’icgy SpringDii:)eotc(lr O‘f Zi:::j wood Thickness Thick
Species of e - ”' — of ﬁ ﬁ
ary Radial |Tangentia!| Radial |Tangentiai| o]l wall
wood section | section |section | section L
Ginkgo A4 F =2 v| 0.60 | 25-70| 50—65 3-5 0.08 0,456
Taxus 4 F 4] 0.57 |30-40| 20-38 |15—-20| 30-25 ' 3-5 0.13 0,425
‘Torreya b ¥| 0.52 |30-80|. 30—48 | 16—-20 | 30-40 3—95 0.12 0,431
Picea _ v k| 0.44 | 40-56| 38-£2 | 12-40| 20—45 2-5 0.09 0,450
" l = ¥y <= v| 0.45 |40-55] 40-50 | 10-40| 2C—40 2-5 0.09 0,450
Tsuga b4 | 0.66 | 40—-55] 40-50 | 15—-456 | 25—42 . 2-6 0.10 0,445
Abie§ E 3| 0.44 | 48-55| 45-85 16f40 20—45 2—-6 0.10 0,445
" v 7 -~ 0.33 |25-F5] 25-45 iO—Q5 26—40 2-5 0.11 0,438
Pseudotsuga b % ¥ v 5| 0.46 |40-60 | 50—65 | 1840 | 48—€0 | 2-7 | 0.09 | 0,480
Larix % 5 = vi 0.57 [40-6€5| 40—60 |20—-40| 40-50 - 2-8 0.11 0, 438
Pinus v A2 a~< vl 0.54 [40-80| 40-80 |10-32| 28-40 2-5 0.10 0,445
" vry=yl 0.46 |40-E5| 30-80 | 15-35| 20-40 1.5-5 0.09 0,450
v 7 A o~ v| 0.48 | 850-60 | 48-56 |16—43 | 40-50 2.5-8 0.11 0,438
r/ y v < v| 0.62 |40—60 | 40-85 |15—40 | 2580 2-8 | 0.12 | 0,431
Cryptomeria A ¥| 0.40 | 30-50] 30-48 |1E-20| 25—40 2—-7 0.13 0,425
Sciadopitys 7 v v o= x| 0.41 >30 -850 | 30—-50 | 16=25| 8040 2—6 0.13 0,425
Chamaecyparis & 7 - x| 0.580 |35-50| 20-80 |10-25} 30-I5 2—4 0.09 0,480
" ¥+ v 2| 0.3 |30-45] 30-40 | 10—-25 \,30—-85 1-4 .0.08 | 0,456
Thuja 4 v =| 0.51 |28-40| 30-35 |15—-30| 26-32 1-5 0.10 0,445
Thujopsis = > 0.50 1 25-40 | 30-40 | 12-15| 30-40 2—4 0.10 0,445
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Table. 3 I=p of: | broad-leaved trees (wood fiber)
Spec. Gravity| Diameter Thickness )
Species of of Cof ﬂ‘ﬁ:&f | = 5
dry wood | wqod fiber | cell wall’

Poplus Foeov o X 0.83 | 22-28 2-3 0.10 0,445
Juglans * o= o3 0.48 22-20 3—4 0.13 0,425
Pterocarya DA A N 0.36 20-30 . | 1.5-2.5 0.08 0,456
Betula v 5o v 057 20—25 3—4. 0.16 0,405
v o s v A 0.74 24928 3—4 0.13 0,425
Carpinus 4 % v F S 0.71 20—-25 2-3 0.11 " 0,438
Caspanea p y 0.57 16—18 9-3 0.15 0,411
Fagus > 5 0.68 12-16 3-4 £ 0.25 | 0,333
Quercus A 0.76 14-16 4-5 0.30 0,286
Z T oh K v 0.88 14—16 34 0.23 | 0,350
Zelkowa . yoox o x 0.73 12—16 3-5 0.29 0,296
Cercidiphyllum % v 5 0.47 18—22 3—4 0.18 0,3,0
Magnolia B D S 0.46 24 —28 2—4 0.12 0;431
Cimamomum 7 = /7 % 0.38 2025 3—4 0.16 | 0,405
Purnus R 0.63 20—24 3 0. 14 0,419
Buxus Y ¥ 0.89 1216 4-5 1 0.32 0,265
Acer I 0.64 18—23 23 0.10° 0,445
Aesculus - > 0.52 | 25-30 P 0.07 | 0,462
o [Fraxinus v x P 0.65 | 14-20 4 2—4 0.18 0,390
. Paulownia ¥ y 0.27 2530 2 0.07 | 0,462
Eriobotrya v v 0.97 12—15 3.5—4 0.28 0,310
Betula A 0.96 14-16 4.5 0.30 0,290
o R, 0.96 | 18-20 9-3 0.13 | 0,425
Myrica v < ® = 0.92 15-20 3-5 0.2 | 0,350
Osmanthus & A 5 ¥ 0.89 12-14 2-3 0.19 0,380
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Table. 4  Relation between spec. gravity and \ Heating N
A : N
therm. conductivity m§ §\\\\\\\\§
N N
. N 3
Applying |Spec. Gravityy Therm., N N
Species prrt’ers’sureg pe of Condactivity § §
2 dry W()Od : o \ § )
kg/cm | kcal/mh : % § 5 B
A B o
35 0,628 0,103 § 3£ £
35 0,586 | 0,092 § § BS
35 0,55 | 0,099 N N
50 | 0,628 0,124 N N
50 0,622 0,112 § N
50 0,632 0,124 § § o
) \ \ o
Chamaecyparis 100 0,614 0,122 § § B
100 0,649 0,127 \ N 8
v s ox 100 0,627 0,114 § § £
500 0,86 | 0,179 § N °
500 0, 850 0,169 I
500 0,812 0,153 -Cooling
1000 0,998 | 0,213
1000 0,994 | 0,206
. 1000 0,958 0,176
50 0,695 0,112
50 0,674 | . 0,099
5 | 0,683 0,098
100 0,678 0,121 g
100 0,673 0,122 g vé
Betula - 100 0, 660 0,118 =
7 500 0, 837 0,162
500 0,843 | 0,168
500 0,827 0, 138
1000 1,001 0, 182
1000 1,100 0,195
1000 1,162 0,191 )
50 0,645 . 0,094 ——
50 0,625 0,091 Temperature
50 0, 669 0,115 ’ ' Fig. 7
100 0,678 0, 109
100 0, 658 0,121 EBMREROBRE RS R R R &
F 1 0,676 0,115 3
agus S WAKL R D. OREMEED 70 %
7 - 500 0, 836 0,131
500 0, 866 0, 161 O Ae OFBEME L 22=0.022 ¥ F\nwT®),
0 | 0% | OB ORmpR e I’ BHHLZOTBEE
1000 1,037 0,172 L :
1000 1,015 0, 155 Ko B L& 1"=0.362kcal/mh® %%
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Résumé

The auther aesumed at a standpomt of heat conduct1on, the structure of WOOd‘
con51sts of amsotrop1c cell wall and 1sotroplc cell cav1ty substance and the parallel
systems of the followmg models (ref. fig. 1)

a. In the fiber direction in-wood .
—ceil wall, - parallel to the grain—cell wall, vertical to the grain (medullaryray)
—‘——cell wall, inclined to the grain(adjacent wall of upper and lower cell)«
cell cav1ty
1 L,
_L |

b. In the transverse direétion in wood

1
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(i) in tangential direction

—cell wall, vertical to the grain (contains medullary ray)

—cell wall, vertical to the grain——cell cavity

—_ V4
4,
(i1) in radial direction
—cell wall, vertical to the grain-cell wall, parallel to the grain(medullary ray)
1——cell wall, vertical to the grain——cell ccavity
. 1_" anan

Vi

In above systems, the influences of medullary ray and the inclined cell wall in

system a. on the thermal conductivity are practically negligible, then the systems
are simplyfied as follows.

a. In the fiber direction in wood
—cell wall, parallel to the grain
—‘—cell cavity
e V4
L

The average thermal conductivity of this system 1, is given as (ref. fig.2)
Ry =2, 4+ (Aa—Y, ") Preerermrmmrerermmmmenie i (1)
A, : therm. conductivity of, cell wall, parallel to the grain
Aa : ” v of cell cavity

p : rate of void volume in wood.

When we take the denstity of dry wood substance as 1,56, 4. as 0.022 (thermal
conductivity of closed air at 20°C.), using p=1—0.6417, (7o : spec. gravity of dry

wood) and the experimental values of 4,, eq. (1) may be written as
2y =0.022-40.346 Tgreeerrerersnrsmmnmmnmsrasionsaneisns 3)

b. In the transverse direction in wood

—cell wall, vertical to the grain
E—cell wall, vertical to the grain——cell cavity

l—— i

Ve

The average thermal conductivity of this system A+ is given as (ref. fig. 4)

12
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p+a N ,
24__:24”/_'_(—"7)—:_—0 -—l-l-l) (p.i-q) ........................... 4

I‘u A-J-/

A" : .therm. conductivity of cell wall; ‘vertical to the grain

q volumetrlc rate of cell wall of series part of above system.
]f we suppose the cross-section of cell as a square, the value of ¢ can be
» calculated from the ratio of diameter of cell and the thickness of cell wall. That
- is, in tracheid (conifers) and wood fiber (Broadleaved_tress) (ref. téble 2,3) Wé
have '

a="r. (0 32—-0.0206 To“‘O 118 Toz) ........................... (6)

Using the experimental values of 1., 1. is calculated from eqs. (4) and (6) and
\the -relation between i+ and 7, can bé determined. This relation is also given as
following approximate formula at 20°C, 0%
22=0.022+0.074 704 0.0931 o2 +serererressesveremesensenes @

' The resalts are shown in fig. 3 comparing with other formula.

3 ik

1) Forsaith, C. C. ; Technology of New York State timber (1926)

2) Fuber, B & Priitz. G. ; Holz als Roh-und Werkstoff Jg. 1 H. 10 (1938)

3) ‘Griffiths, E & Kaye, G. ; W. C. Proc. Roy. Soc. London, Ser, A Bd. 104 (1923)
hH & F o = AEPRPENES 4 (1926

5) Johonton, H. W. & Maa B, O ; For. Prod. Lab. Canada Res. Notes 11 (1929)

6) Kollmann, F. ; Technologie des Holzes E1936)

7 " ; Technologie des Holzes und Werkstoff (1951)

8) £ B fh XK B s EHMEL 11 (1942) A
9) Narayanamuruti, D & Ranganathan, V ; Proc. Ind. Acad. Sci. Bd. 13 No. 4 Ser. A (1941)
10) Rowley, F. B. ; Heating pipe. (1933)-

1 B X B AMIE?

1) FR =8 & | M (190)

13) Woangaard, F. F. ; Heatin Pip. Air Condit. Bd. 5 (1933)

14) 1 # B HASS AR BRI INS T (1928)

13



