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The Size Distribution of Free Water Paths in Heartwood
of Softwood by Centrifugal Method*!
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ABSTRACT

The size distribution of the free water paths between earlywood and latewood for six species in the
heartwood of softwoods was estimated from the amount of dehydrated free water under various
centrifugal fields, such as 2,200, 3300, 4800 and 6900 rpm. The centrifugal method is based on the
concept that water movement occurs by the balance of centrifugal force and water potential by
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meniscus. Water stops where the pressure differential is zero. In the centrifugal field, only two factors
affect water movement in wood, that is, centrifugal force and water potential. Also, the water permea-
bility was evaluated from the relationship between the water saturation ratio after the centrifugal
treatment and the measure of water potential in specimen. The results showed that Cryprpmeria
japonica had clear peaks at 0.70 ym in earlywood and at 050 ym in latewood. Tsuga sieboldii and Larix
kaemferi had peaks at 050 and 030 pm in both earlywood and latewood, respectively. Abies firma
showed peaks at 070 ym in earlywood and at 030 ym in latewood The water permeability of
earlywood was higer than that of latewood for all softwoods except Pseudotsuga menziesii,

Keywords: centrifugal fields, free water paths, pit aspiration, water potential, water permeability

.M 2

SAE F&IA olgsly] JsME Az, opxE
. SEAUbE B9 718 shge] Fas o)x
7bEe] FEANA = B Fo SHolFol), B 2
o 2HOIE S AT, ¥F 2 WIS Salo] 3
AR 2 AT, Al el B8 Y )
& A HEe) g v e 2 =
of ML Aol M= o BE A uEo] gxuk Al
ol M= AR Hgo] s ot tgo] A
Aol FE2E HFA Y oo AAF B Ay
o ok B2 dFede] Basle] WEe oy
TR Y A Bl 23 WA
S AN BHAM douh: Ba)d 2 sety W
ste] d3tola, ol Al QAo os) A= WA
ol vlg) F3Ael Hde] AstEcim gAA o
(Erickson, 1970: Matsumura %, 1995 a, 1995 b:
Fujii &, 1997).

E3 whAlE 2Aol v Fahbgdo] Frhn dalx
ATH ol AL ThAle] WEgTZI A BAHol A
A BASE L] Agal= Yo Bato] x4
Hoy g go] 27 o Fo|ch(Siau 1984). o] s}
o), FHAL B o] xxTze}l Ws BA s} 9
SEE EdolFo 2% 98 9als Sio)E
BE e B A7) e Q)

AF7HA, FHol g AR 2HL 22 7| A S04
(Sebastian §. 1965: Comstock, 1967: Stamm.
1970) 3 &) 7 % # 2 (Sebastian £, 1965: Immura
& Harada, 1973)& %3] Wrpe|Qe}. a8y, o

e
9]

73
%

ok

I
3L
5]

ox 1‘2}1
iy
=
_?[_:
)
A

"
r
oS
e
A
)

N
2
2

o]

Y 4> oo
T i

M

&
&

i
o
N
X
)
N
)
:?l:",
2
rir
=y
)
I
2
=
2
Lo

2
o 2E ¥rie g9a7) g
Rz g FEFRE

AFH T Hrtslr) e Y4y

dte] FROJFHES] AVEEE 2AM B
o Y42 Hassler & Brunner(1945)7
BANS] 2ashs Brra] 98] Az 9y
k. Choong & Tesoro(1989)% 2|7} 1,50 cm$l 8]
WA FHE AYAG oz toka WY Aag
&M 3 o gegog Ry Y5y 41
HE 2718 71k Eah, Park (1999 a)3t
Park & Hayashi(2000)+= Z¢]7} 5 cmQl H)m & 7
HAE AYAE or YA o T4g B
Eo} AHfre] GFEAFORRE SioE AR B
E 5 M FIAA G HolSHAT wheba, B oA ge)a]
= AN ol 85t AP5 A, S5 29} vl
o FROIFAR Y 2 dfgEnye 5
Mz o] BAE FHE 5 7)FEe WA v
E 3 Haz AAsqict

ol 4

oY rf
L o -
rir

St

oX

1o
‘Q‘r”‘ e
T,

2. M=z 3 e

2.1.

Ok

A%

O

AN AFR(Cryptpmeria  japonica D.
Don.), &&W7(Tsuga sieboldii Carr.), QE A}

._62 -



APl o3 9%

Y-(Abies firma Sieb. et Zucc.), V&(Pseudotsuga
menziesii Franco), MEF=F 2 2(Picea sitchen-
sis Carr.), 48 AT (Larix kaemferi Carr.)E
FAFER so] MAFAA @ 2 X 2 cm, #Hol
10 cm®] AEAE FEHoZ 5 A A8k
2% AR AFAE SHT Sl 9 ek
Aers wrEEHA EystAelE AAskdvH(Park
5. 1999 a). e 1L Al E AL s A
15] o= FEI AZHE o FA Wk} vhet
U ke dg LA st e £
AEAE 5 cmel Zol2 Aag §, drATA g Al
P2 AHE-EFAT

20 Al upe

[ -~ R ]

A4 2% giae WS gFEAA
o] Adl 9.7 em. % 10T, 8#$3= 2,200, 3,300,
4,800, 6,900 rpme AHEEGCE AlgAE 18] 24

Al 47Re] NFAZE AFEEA R, 7 AT diEke
HEEA S S 48] AAG F o] B WA E grEl
2 3k BeAzhe Ag e FANSI g
= AAEAA g5E AABn FAREY qR e
ARz} AlE e FAE A # A

A e 5AIZ ERlel s AAsk) geeAe] &
ANEHE 65 RATHFig 1.

7 RS FAE H, E

EFPFEMud & THAY 7 F, AFESHIE
28%2 do] g A ()& A8kl EF&(SRE
Axrardet,

M — FSP

SR=—%1 — FSp

x 100 (%) (1

where, M : the moisture content after dehydration
Mumax © the moisture content at saturation
FSP : the fiber saturature point (28%)
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Fig. 1. Cutting positions to make small sec-
tions and the number of each section.
The water saturation ratio of each
section was measured after centrifugal
treatment. The specimen size was
about 2X2x5 cm”.
* Cutting points indicate the distance
inward from the dehydrated surface,
that is, A, B, C, D and E mean 4.5,
3.5, 2.5, 1.5 and 0.5 cm, respectively.
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¥y . the centrifugal force per unit area
(Pa),

¥ : the capillary pressure(Pa),

r the radius of the free water path(m),

where,

y © the surface tension of water(N/m),

o w: the water density(kg/m?),

0 : the contact angle,

In : the distance inward from the
dehydrated surface(m),

I, the distance from the rotational
center to the dehydrated surface
(m),

w* ' the angular velocity (s
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Table 1. Range of radius and representative value for each section (um)

Number of 2200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section” Range RV Range RV Range RV Range RV
2 Below 099 - Below 044 - Below 021 - Below 010 -
3 099~131 112 044~058 050 021~028 024 010~014 011
4 131~205 159 058~091 070 028~043 033 014~021 016
5 205~583 301 091~259 134 043~123 063 021~059 031

* RV means representative value which is the radius corresponding to the average value of the centrifugal forces
calculated at both ends of each section.
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Table 2. Distribution of the water saturation ratio (%) of Cryptpmeria japonica after dehydration

Number of 2,200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section®  Earlywood Latewood Farlywood Latewood Earlywood Latewood Earlywood Latewood
2 508 744 273 481 9.0 311 31 92
3 654 752 348 096 149 399 39 122
4 768 806 609 768 199 444 53 191
5 887 862 847 844 499 679 110 357

Table 3. Distribution of the water saturation ratio (%) of Tsuga sieboldii after dehydration

Number of 2200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section®  Earlywood Latewood Earlywood Latewood Earlywood Latewood Farlywood Latewood
2 585 777 359 515 164 247 98 128
3 714 825 562 695 201 286 172 210
4 856 901 780 845 341 440 276 305
5 86.7 904 86.2 89.1 658 762 457 498
Table 4. Distribution of the water saturation ratio (%) of Abies firma after dehydration
Number of 2200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section*  Earlywood Latewood Earlywood Latewood FEarlywood Latewood Farlywood Latewood
2 410 64.6 216 398 104 218 60 1.7
3 621 78.7 313 483 160 30.7 117 187
4 826 883 584 723 270 437 192 256
5 923 904 846 882 579 705 331 412
Table 5. Distribution of the water saturation ratio (%) of Pseudotsuga menziesii after dehydration
Number of 2,200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section®  Farlywood Latewood Earlywood Latewood Earlywood Latewood Farlywood Latewood
2 600 757 44.2 441 343 326 236 202
3 703 849 550 523 433 365 338 286
4 791 867 834 698 477 409 387 317
5 886 873 857 835 704 705 446 374
Table 6. Distribution of the water saturation ratio (%) of Picea sitchensis after dehydration
Number of 2,200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section”  Earlywood Latewood Earlywood Latewood Farlywood Latewood Farlywood Latewood
2 758 74.4 559 663 36,0 55.1 222 429
3 818 860 678 708 439 626 316 497
4 904 869 866 770 640 701 444 56.0
5 936 878 890 825 873 809 649 665
Table 7. Distribution of the water saturation ratio (%) of Larix kaemferi after dehydration
Number of 2,200 rpm 3300 rpm 4,800 rpm 6,900 rpm
section”  Farlywood Latewood FEarlywood Latewood Earlywood Latewood FEarlywood Latewood
2 387 611 243 496 154 226 14.2 152
3 582 700 386 578 227 311 192 164
4 771 768 656 715 391 472 261 239
5 901 795 895 816 722 697 562 450

In all tables, *the small numbers represent the section near the center of rotation. The distance from the center of rotation to
the surface of dehydration is 97 x 10° m. Water saturation ratio was calculated by Eq. (1
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Fig. 3. Relationship between water potential (¥") and the logarithm of the water saturation ratio
(log SR) for earlywood (solid lines) and latewood (dotted lines). Diamonds: 2,200 rpm,
Circles: 3,300 rpm, Squares: 4,800 rpm, Triangles: 6,900 rpm.
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