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Measurement of Longitudinal Liquid Permeability
Using Pressure Bomb Method*!

Jong-Yun Hur* - Ho-Yang Kang™

ABSTRACT

Liquid permeabilities of red oak and several softwoods were measured by the pressure bomb method
and a modified liquid permeability method in order to investigate their efficacy. The effect of pre-
boiling and prefreezing on wood permeability were also examined for both green and resaturated
specimens. Regardless of some disadvantages these two methods were revealed as a handy tool for
quick evaluation of the permeability of an unknown species. The permeabilities of the resaturated
specimens increased when preboiled. but decreased when prefrozen. For green specimens. however,
prefreezing increased permeability. The discrepancy of the prefreezing effect on two specimens par-
tially attributes to their difference of initial permeabilities. For all species except radiata pine heart-
wood, the radii of the effective capillary pores. derived from the water potential equation. distribute
from 0.42#m to 7. 2#m. Those of radiata pine heartwood are below 0.46xm.
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Fig. 1. Apparatus set-up for water potential
measurement with a pressure bomb.
Notes: A pressure bomb, B: specimen,
C: rubber gasket. D: pressure gauge.
E: needle valve, F: nitrogen bomb.
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Fig. 2. Apparatus set-up for liquid permeability measurement.
Notes: A : digital balance, B : specimen holder, C © air reservoir, D ! silica gel.
E ' mercury manometer. F : vacuum pump. V1 & V2 : valve.
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Table 1. Distribution of water potentials of resaturated specimens. Each species has 200 samples.

(Unit: %)
Class Red oak Red oak Radiata pine W. hemlock Douglas-fir
{atm™1) sapwood (%) heartwood(%) sapwood(%) heartwood(%) heartwood(%)
-3 )% 95 11 72 49 29
-3~ -6 * * * 27 46
-6~ -9 * * * 12 20
vg —~ ;12 * * * * *
~-12 ~ -15 * * * * *
-15 ~ -18 x * * * *
-18 ~ 21 * * * * .
-21 ~ 24 * * x x X
-24 016—]’ * 72 * * *

Notes: * : less than 5% out of 200 specimens.
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Fig 3. Plot of 95% confidential intervals of
water potentials for 200 specimens of
each group.
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Fig 5. Plot of water potential vs. replication of
freezing for five.
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Table 2. Maximum and minimum radii of capillary pores in green earlywood and latewood of larch
and radiata pine. calculated from the water potentials measured by the pressure bomb

method.
Specific Water Relative Radius of
Species gravity Earlywood/Latewood Max-Min  potential humidity  capillary pore
{gr.vol ~od. wt.) (atm) (%) (pm)
Larch sapwood 0.46 Earlywood Min ~1.4 99.9 1.03
Max -{.2 above 100.0 7.20 1%
Latewood Min -2.0 99.9 0.72
Max -0.4 100.0 7.20
Larch heartwood 0.49 Earlywood Min -2.1 99.8 0.69
Max -0.8 99.9 1.80
Latewood Min -3.4 99.7 0.42
Max -0.4 100.0 3.60
Radiata pine 0.52 Earlywood Min -0.2 above 100.0 7.20 o1’}
sapwood Max -0.2 above 100.0 7.2001%
Latewood Min -0.2 above 100.0 7.20 o4
Max -0.2 above 100.0 7.20 €)%
Radiata pine 0.59 Earlywood Min  -24.0 below 98.2 ols} 0.06 <3t
heartwood Max -3.1 99.8 (.46
Latewood Min -24.0 below 982 o8t 0.06 ols}k

Max -10.7 938.2 0.13
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Table 3. Effect of air-drying on the water potentials of control and pretreated radiata pine heart-

woods.

Water potential (atm)

Pretreatment
Before air-drying After air-drying Difference
Control Earlywood -18.5 -19.3 -0.8
Latewood -20.9 -21.2 -0.3
Prefreezing Earlywood -14.6 ~16.3 -1.7
Latewood -15.8 -17.8 -2.0
Preboiling Earlywood -18.5 -20.4 -1.9
Latewood -17.6 -18.7 -1.0
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Table 4. Average,

maximum and minimum specific permeabilities of kiln-dried hardwoods and soft-

woods.
Specific permeability{darcy)
Species e
Average Maximum Minimum Max / Min

Red oak sapwood 14.0 181 9.7 1.9

Red oak heartwood 0.100 0.509 0.002 254.5

Radiata pine sapwood 1.84 4.42 0.42 10.5

Western hemlock heartwood 0.006 0.011 0.003 3.7

Douglas-fir heartwood 0.047 0.128 0.010 12.8
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