245 26(4) 1 34~42
Mokchae Konghak 26(4) : 34~42, 1998

& g =xie| Microwave 24 =3 AMoj ="
£ B B°

Prediction of Microwave Drying Curves fm' Various
Hardwoods and Softwoods

Ho-Yang Kang’

ABSTRACT

Three hardwood (ash, alder and black locust) and three softwood (Japanese red pine, radiata pine
and Western hemlock) specimens were dried in microwave(M/W) oven and their drying rates were
obtained. Their specific permeabilities were also measured by using a modified liquid permeability
measuring device. The comelation between the M/W drying rates and permeabilities of six species
were statistically analyzed. It was revealed that within a species there is a logarithmic relationship
between the M/W drying rates and average moisture contents and that among species there is a linear
relationship between the M/W maximum drying rates and the average specific permeabilities. A
exception was Western hemlock, which was of low permeability and of high drying rate. A MC-time
equation, which showed a good agreement with the actual data, was derived. Thus using this equation
the moisture contents of wood and the drying end points of M/W drying could be predicted. Infrared
images of the thermal distribution in wood were illustrated.

Keywords : microwave drying, permeability, thermal distribution, drying end point, ash, alder, black
locust, Japanese red pine, radiata pine, Western hemlock
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Table 1. Average green moisture contents and green densities of various hardwoods and softwoods used in this

study
Species Average Average gree? density
green MC (%) (g/cm’)
heartwood 55 0.64 +0.01
ash
sapwood S5 0.64 +0.02
heartwood 51 0.54 =0.05
alder
sapwood 53 0.55 +0.06
black locust heartwood 45 0.71 £0.01
heartwood 48 0.46 =0.04
Japanese red pine
sapwood 164 ‘ 0.39 £0.02
heartwood 51 0.32 +0.01
radiata pine
sapwood 129 037 £0.03
heartwood 58 0.43 +0.01
Western hemlock
sapwood 79 0.38 £0.02
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Table 2. Comparison of volumetric shrinkages between oven- and microwave-dried hardwoods and softwoods

Average volumetric shrinkage (%)

Species
Oven dry M/W dry Difference
heartwood 12.8 13.7 -0.9
ash
sapwood 11.6 111 5
heartwood 10.3 114 -1.1
alder
sapwood 115 10.6 9
black locust heartwood 16.9 15.5 1.4
heartwood 11.1 11.4 -3
Japanese red pine
sapwood 9.2 9.3 -1
heartwood 7.6 7.7 -1
radiata pine
sapwood 93 94 -1
heartwood 83 8.8 -5
Western  hemlock
sapwood 109 11.1 -2
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Fig. 1. A typical permeability distribution in radial
direction of Japanese red pine.
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Flg. 2. IR thérmo images of Western hemlock cross
section, heated by microwave,
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Table 8. Average specimen dimensions and average specific liquid permeabilities of some hardwoods and

softwoods
Specimen dimension Specific permeability (darcy)
Species Cross section * Vro8° .
2 length Average Max Min
area {cm”)
(cm)

ash 1.59 49 0.40 £0.33 1.14 0.04

alder 1.39 3.2 0.14 £0.10 0.34 0.03
black locust 1.94 2.0 0.01 £0.01 0.04 0.002
Japanese red pine 1.28 5.1 0.45 £0.66 2.82 0.005
heartwood 1.33 3.1 0.20 £0.21 0.48 0.003

radiata pine

sapwood 1.41 3.0 0.68 £0.59 1.21 0.12
W. hemlock 1.23 3.1 0.03 +£0.03 0.08 0.003
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Fig. 3. IR thermo images of radiata pine radial

section, heated by microwave. It shows
that heat propagates along longitudinal
direction.
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Fig. 4. Typical plots of drying rates vs. average
MS's for M/W drying. Logarithmic regres-
sions show good agreements with plots.

Table 4. Initial MC's, maximum drying rates and the logarithmic regressions for drying rate plots of some

hardwoods and softwoods.

Species Initial MC (%) Ma::;%)(;;}grlﬁ)rate Regression equation R’

ash 375 35 0.9672 In(x) + 0.2211 0.94

alder 38.8 2.4 0.8813 In(x) - 0.5573 0.89

black locust 53.0 21 0.5472 In(x) + 0.3152 0.83
Japanese red pine 62.9 5.1 1.2389 In(x) - 0.2867 0.96
radiata pine 87.2 6.3 1.8010 In(x) - 1.4956 0.99
Western hemlock 127.9 7.1 1.5701 In(x) - 1.1896 0.93
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