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Abstract— A model for heat and mass transport in softwood is developed. The model includes liquid transport

via capillary action as well as diffusion. The model is unique in that transport properties which in some cases

are both not available in the literature and difficult to measure are developed from knowledge of wood

structure. Calculated results compared favorably with those determined experimentally. The experimental

results represent the first of their kind in that moisture profiles are measured during the drying process using
gamma attenuation.

INTRODUCTION

DIMENSIONAL lumber must be dried from its.green
condition to achieve structural stability. This drying is
commonly done by blowing hot air or steam over
lumber stacked in a kiln. Experience has shown that
serious cracking, warping, and fiber collapse occur if
the wood is dried too fast. However, if the drying
operation lasts too long, excessive energy and time
costs decrease productivity of the plant. In order to
quantify the factors that control lumber drying,
researchers have developed analytic and empirical
models to describe movement of water through wood
during drying. Sherwood [1] assumed that moisture
movement through a solid porous media such as wood
is due to gradients of the moisture content, and used
Fick’s second law of diffusion to predict the unsteady
concentration of water. Good agreement with
experimental data followed when the diffusion
coefficient could be written as an appropriate function
of moisture content and the range of moisture contents
predicted was less than the fiber saturation point (FSP),
which corresponds to the moisture content below
which all water molecules are chemically bound to the
cellulose.

At moisture contents greater than the FSP, the
additional water must exist as liquid water and as water
vapor in the voids or lumens in the wood cells. These
cells are long and narrow, hollow in the center, and
overlap one another on ends that taper shut. On the
overlapping surfaces, there are small orifices or pits that
provide fluid paths between adjacent cell lumens. This
morphology suggests that the capillary mechanisms
that allow motion of nutrient fluids in the living tree
may also control movement of the free liquid in wood
during drying [2]. Luikov [3] developed a set of
coupled partial differential equations to describe the
heat and mass transport in capiliary porous media by
assuming that the transfer of moisture is analogous to
heat transfer and that capillary transport is pro-
portional to gradients in moisture and temperature.
The resulting transport coefficients are strong functions

of both temperature and moisture content, as well as
wood species and drying conditions. Thus, extensive
experimental programs are required to determine the
coefficients necessary to analyze a wide variety of
woods and drying methods.

Two major impediments to development of
predictive models for transport in wood exist. First,
detailed experimental data quantifying both drying
rates and moisture and temperature distributions
within wood during drying have not been available.
This deficiency has been overcome to a small extent by
the experimental program which has accompanied the
model development efforts to be discussed in this paper.
Second, the necessary transport properties have
received little attention.

Inthe present study, aset of governing equations that
describe both capillary and diffusive transport of
moisture during wood drying, as well as the transfer of
heat, are developed and solved numerically. By
developing these equations from first principles, the
transport coefficients that arise are dependent on
documented transport properties and wood structure.
Represenstative values for these properties were taken
from the literature and used to predict drying and
heating rates for a typical piece of lumber, as well as the
moisture and temperature profiles across the board
section. These values are compared to data taken under
actual drying conditions to demonstrate the efficiency
of the predictive model.

THEORETICAL MODEL

Wood in its green state can be considered a three-
phase mixture: solid cell wall material (with bound
water to the FSP), free liquid that partially fills the
lumens, and gas bubbles containing air and water
vapor that occupy the remaining lumen space. Each
phase represents a continuum, and its behavior can be
predicted through use of the conservation laws,
however, a different set of governing point equations
will arise for each phase and there is no way of knowing
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C transport coefficient
specific heat

D effective diffusion coefficient
EMC equilibrium moisture content
FSP fiber saturation point
gravitational constant
latent heat of vaporization
permeability

effective thermal conductivity
board half-thickness
moisture content

mass transfer rate

pressure

heat transfer rate

radius of curvature
saturation

temperature

time

velocity

dimensionless moisture
content

z spatial variable.
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Greek symbols

B mass transfer correction factor i
’ specific gravity ‘
0 dimensionless temperature
i dynamic viscosity
P density
a surface tension
¢ void fraction
W phase volume fraction.
Subscripts
a air
c capillary
conv convective
g gas phase
h heat transfer
1 liquid phase
m mass transfer
max maximum
0 initial condition
wv water vapor
0 ambient condition.

a priori in which phase an arbitrary point lies and,
therefore, which set of equations is appropriate. In
order to achieve a single set of governing equations that
is valid throughout the wood, the phase equations need
to be volume averaged to include the effect of each
phase on the whole. Whitaker [4] has developed the
methods for performing this volume averaging for
drying processes and his results will be utilized here for
wood.

In order to employ this approach to develop the
governing equations of drying, certain approximations
and assumptions must be made. It is assumed that, due
to the length of the lumber compared to its thickness,
a one-dimensional model for heat and moisture
transport can be employed. Hence, we are interested in
transport in the radial direction (normal to the growth
rings) or the tangential direction (tangential to the
growth rings) and not the longitudinal direction, which
would be the vertical for a standing tree (see Fig. 1). The
cell wall material is assumed to be rigid above the FSP
[5] with constant density. Both liquid and gas phase
motion are slow, so convective accelerations can be
ignored. Within the averaging volume, the thermal
éonductivity is assumed to be constant, as is the specific
heat, so enthalpy is a linear function of temperature. In
addition, it is assumed that both reversible work and
viscous dissipation are negligible, and that there is no
internal heat source, although such a factor to account
for electromagnetic heating can readily be included.

Behavior of moisture in the drying wood is described
by the continuity equations for the liquid phase and the
water vapor portion of the gas phase. Since it is the total

water content that is of interest, these equations can be
added together to yield an equation for the total free
moisture content, neglecting surface diffusion of bound
water, in the form

os 0 Puv 0 Py O Puy
— t—{vn+ v, |=—|—D— . (1
¢ ot 02( g, g) oz (p, 9z p, 1)
Here, S is the dimensionless liquid saturation or the

fraction of the void space filled with water, and is
defined by

S =W+ ¥epu)dp. (2)

Development of the volume-averaged thermal energy
equation for each phase, and their subsequent
summation yields the total thermal energy equation [6]

orT T o aT
pcpg +(p,cplvl+pgcpgvg)—0? + by, = e k(Trz— ,

3)

where p is the spatial average density

p = l//sps+l/,lpl+l/’g(pwv +pa) (4)

and ¢, is the mass fraction average specific heat

Cp = [l//spst + l/lelcpl + lf[Jg(pwvcpwv + pacp)]/p~ (5)

Arrival at this total energy equation requires the
simplifying assumption of local thermal equilibrium —
locally the temperature of each phase is the same. The
criteria for the validity of this assumption [7] are easily
satisfied by the slow process of wood drying.
Equations (1) and (3) constitute the set of governing
differential equations used to describe heat and mass
transfer during wood drying. Each equation includes
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both diffusive and convective components. In order to
solve these equations, the convective liquid- and gas-
phase velocities must be determined by solving the
phase momentum equations. On dimensional grounds
[8], this solution must be a form of Darcy’s law, the
volume average of which can be shown [9] to depend
on the phase pressure gradient and permeability, K, as

__K,(op,

Vg = %(& ma (6)
K, (8

b=— —‘(ﬂ —p.g>. ()
W\ 0z

Darcy’s law is known to be a good approximation for
single-phase flow through wood [10], and it is assumed
valid for two-phase flow based on experience with
unsaturated flow through other media [11].

Use of Darcy’s law to eliminate the convective
velocities introduces as unknowns the respective phase
pressures and permeabilities. The permeability of many
woods to both gas and liquid flow has been measured,
although there is some uncertainty surrounding the
permeability in unsaturated flow. Pressures in the
liquid and gas phases are more difficult to identify. It is
reasonable to quantify gas-phase pressure by assuming
that the air in the phase behaves as an ideal gas while the
water vapor is assumed to be in saturated equilibrium
with the free water, using the Kelvin equation to correct
for effects of surface curvature on vapor pressure. In this
manner, the gas-phase pressure gradient can be written
as being proportional to gradientsin the saturation and
the temperature [6]. The liquid-phase pressure,
however, is more elusive. It is convenient to use the
concept of capillary pressure p, to relate the gas- and
liquid-phase pressures by

DPe =D g —D- (8)
Capillary pressure, in turn, can be expressed in terms of
the mechanistic model, to be discussed later, so the
liquid pressure can be totally eliminated.

Following arguments presented elsewhere [6], it is
now possible to write the moisture continuity and
thermal energy equations entirely in terms of two
dependent variables S and T':
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c,=2 (1)
cr=2e 12)
= (13)
cr =T (14)
oy = Aty (15
cy = Womltd) (16)

MECHANISTIC MODEL

In contrast to the random packing of many porous
media, such as sand, wood cells are organized in a very
regular pattern. This fact makes it very attractive to
utilize a mechanistic model of wood structure to
identify capillary porous properties —permeability and
capillary pressure. Permeability, or fluid conductivity,
depends on the distribution of pits and the number of
cell walls that must be traversed. The capillary pressure
depends on the shape of the gas-liquid menisci within
the cellular voids, hence on the size and shape of the
cells. In light of these considerations, the mechanistic
model was constructured to reflect the observed
morphology of wood and the measured permeability
behavior.

Structure of a typical softwood is shown in Fig. 1. In
the longitudinal (L) direction, which would be vertical
forastandingtree, the cells have a cross-section which is
approximately square. These cells are tapered shut at
the ends on the tangential faces where they overlap
adjacent cells. Most of the interconnecting pits are on
these overlapping faces. Interspersed throughout this
regular pattern of longitudinal cells are clusters of ray
cells—equally long, but of smaller diameter than
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Fi16. 1. Structure of a typical softwood.
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Fi1G. 2. Mechanistic models of softwood structure : (a) tangential transport and (b) radial transport.

longitudinal cells and radially oriented. The ray cells
are also interconnected among themselves and with the
longitudinal cells through pits.

The mechanistic models of softwood structure are
also illustrated in Fig. 2. As can be seen, different
geometries are assumed to capture the salient features
of directional transport. The tangential model is based
on the model developed by Comstock [12] to predict
the measured ratio of directional permeabilities to
single-phase flow. For this model, all pits are located on
the tapered overlapping portions of square longitu-
dinal cells. Ray cells are not included since they do not
contribute to transport in the tangential direction. The
radial model also incorporates square longitudinal
cells tapered at the end (not shown), but includes arrays
of smaller, square, ray cells. The pits connecting ray
cells to each other and to adjacent longitudinal cells are
assumed to be uniformly distributed.

Green wood, prior to drying, contains sufficient
moisture to partially fill the cellular void space, and it is
commonly assumed that this free liquid recedes to the
ends of the cells to surround a central gas bubble [13].
Figure 3 illustrates probable distribution of the liquid.
As can be seen, the principle radii of curvature of a given
meniscus depends on the amount of liquid contained
and size of the cell. Since density of the water vapor in
the gas phase is much less than that of the liquid, it is
reasonable to assume that

_h
¢

so that the saturation is a measure of the local liquid
content.

s (17)

The capillary pressure depends on the curvature
according to

(18)

where g issurface tension,and r, and r, are the principle
radii of curvature. Since r; and r, depend on saturation
and ¢ depends on temperature, p. = f(S,T). The
functional form of this dependency has been developed
elsewhere [6, 14] and has been verified in isothermal
experiments [15]. Hence, the capillary pressure can be
expressed in terms of the cell geometry of a given
softwood.

Permeability of wood to single-phase flow has been
measured extensively [10, 12, 16-18], yielding well-
documented values for the saturated permeability in
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F1G. 3. Assumed moisture location in lumens.
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each direction. The unsaturated permeability K(S) of
the mechanistic model can be related to the saturated
permeability, which defines the total number of pits
available for flow, and to the saturation, which
determines the fraction of the pits that are covered with
liquid and capable of transmitting liquid. Because of the
tapered surfaces, K(S) is a weakly nonlinear function
[6], but a linear dependency is assumed here for
simplicity. The same mechanistic structure was utilized
to develop the dependence on saturation and
temperature of the effective thermal conductivity
kS, T).

The gas-phase permeability, since it depends on the
distribution and size of pits, should be the same as
liquid-phase permeability; this has been confirmed
experimentally for single-phase flow [12]. However,
during drying the recession of the menisci causes about
959% of the pits to become aspirated or occluded [18]
so the gas-phase permeability will be 5% or less
(depending on saturation) of the single-phase per-
meability. As a result, the liquid-phase velocity and
gas-phase velocity will be of the same order of
magnitude for similar pressure gradients. Since the
density of the gas phase is muchsmaller than the liquid,
convection of both energy and mass due to gas motion
can be neglected as a first approximation.

Initial numerical work described in [6] presented
solutions to equations (9) and (10) except that
gravitational transport was neglected on the basis of a
comparison of the order of magnitude of the
gravitational term to that for liquid convection driven
by capillary action. Data is available for the effective
diffusion coefficient for moisture in wood below the
fiber saturation point as a function of moisture content
and temperature [23, 24]. Since bound water and water
vapor cannot be separated experimentally, the
experimentally measured diffusion coefficients include
both. Hence, the transport coefficients C. and C} are
incorporated into a single effective diffusion coefficient.
Since a typical lumber-drying process is relatively slow,
one might expect that vapor-phase pressure-driven
transport might be negligible. The results presented in
[6] indicate that some pressure build-up does occur
initially due to temperature gradients, but does not
have a significant impact on the end result. The
conclusiondrawnis that C;and C;canbeneglectedina
practical lumber-drying model. Dependence of surface
tension of water on temperature is relatively weak. This,
coupled with the fact that temperature gradients are
significant only during a short period during the onset
of drying, leads to elimination of the term involving Cr.
Finally, it is assumed that all evaporation occurs at the
surface, thus, the latent heat term in equation (10)
appears only in the boundary condition. During the
early phase of the drying process, capillary transport of
liquid to the surface dominates. It is important that the
drying process be sufficiently slow to preclude the
existence of a drying front which would result in the pit
asperation phenomena discussed earlier, inhibiting
drying in the later stages. After the surface reaches the
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fiber saturation point, moisture must diffuse to the
surface through the lumens and cell walls, with
evaporation of bound water finally occurring at the
surface. These arguments are presented elsewhere [6,
14, 19].

Defining dimensionless dependent variables as

T-T, T-T,

b= T.—T, AT
(dimensionless temperature) (19)
M = S(M,,,—FSP)+FSP = SAM 4+ FSP
(dimensionless moisture content) (20}

results in the moisture content, M, including both free
water and bound water. Incorporating these variables
and the assumptions given above results in a relatively
simple model which includes only diffusion and
capillary transport

o oM 0 (K aM\_ofam) o
AM 0t dz\p *0z) éz\ oz
a0 K, C, oMao o[ 00
1 s VPPV ( > (22)

C_ —_ —_—
PColy TP AM Bz 0z oz

oz)

It can be noted that the continuity equation is
decoupled from the energy equation, except for the
temperature dependence of the transport coefficients,
implying negligible thermally-driven mass transport.
By contrast, the energy equation is coupled to
continuity through the liquid-phase convection of
thermal energy.

Boundary conditions necessary for solution of the
governing equations are formulated by assuming that
convective heat and mass transfer occur at the board
surface and that there is no heat or mass flux through
the midplane at a distance L from the surface. Hence,

@z=1 M_y (23)
oz
00
— = 4
pe 0 24
d L
a; J‘() M(Z) dz = _mconv (25)

d * . .
E J pcpe(z) dz = qconv—'hlgmconv' (26)
0

Integral formulation of the surface flux boundary
condition was chosen over differential formulation to
enhance stability of the numerical solution.

The surface convection of heat §,,, can be expressed
as

Goony = PAT(1—0) 27

where h,, is the overall heat transfer coefficient. Its value
can be determined from empirical correlations for
turbulent channel flow which are typical of kiln
operation. The surface convection of mass can also be
written as

(28)

mconv = hm(pwv|z= 0o _pwvw)
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where h, is the overall mass transfer coefficient, p,,. |, - o
is the partial pressure of water vapor at the surface and
Pwv,, 1s the ambient condition. The value of h,, can be
determined from h, by analogy if the surface is
saturated as an open liquid surface would be. The wood
surface is not fully saturated [20, 21] and the mass flux
at the surface, hence the drying rate, depends on the
surface moisture content as well. Neither theoretical
models nor experimental results with general
applicability are currently available for mass transfer
coefficients for unsaturated porous hygroscopic
surfaces.

To circumvent this problem a series of experiments
involving southern pine were conducted, in which
drying rates and moisture contents as near to the
surface as possible were measured using gamma
attenuation. An empirical correction factor to the
convective mass transfer coefficient, §(X), defined as

mconv = ﬂ(X)hm(pwv|z=0—pwvw) (29)
where
M|,_o,—EMC
X=— 30
M, —EMC (39)

was extracted from the experimental results. The
resulting form of f(X) which was used in the numerical
calculations is shown in Fig. 4. The use of this result
naturally forces considerable feedback between theory
and experiment. However, the exact functional form of
B(X)is not critical to lumber drying, since the moisture
transport is internally controlied.

NUMERICAL SOLUTION

The nonlinearities of the governing equations (21)
and (22) necessitated use of a digital computer to
generate an approximate solution. A finite difference,
implicit numerical scheme was employed. At each time
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F1G.4. Convective mass transfer correction factor as a function
of moisture content.
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increment, the nodal values of M and 0 were solved
iteratively and convergence was checked on both
variables. Underrelaxation was employed at each
iteration to quicken the convergence.

Initially, the temperature and moisture content were
setto beequal at all nodes at the value corresponding to
measured wood conditions. Boundary condition
values were based on experimental conditions. Typical
time increments were 1800 s, while typical spatial
increments were 0.05 cm.

EXPERIMENTAL STUDY

Experiments were conducted in a laboratory scale
simulation of actual kiln conditions. The experimental
setup consisted of a heated wind tunnel supplying hot
air to a floating test section containing a single 2 x 4
(3.8 x 8.9cm) 45-cm long. A cross-section of the test sec-
tionisshownin Fig. 5. The test section is supported by a
load cell, thus allowing weight loss to be measured as a
function of time.

Local temperatures within the wood were measured
using thermocouples implanted in holes drilled prior to
the test. Local moisture contents were measured using
gamma attenuation. A 570 mCi *!' Am-source was
placed behind a brass plate containing a collimating slit
0.51-mm high and 2.79-cm wide. A Nal (T1)
scintillating crystal integrally mounted to a photo-
multiplier tube was placed on the opposite side of the
test section. This gamma detector assembly was
shielded from background radiation, except for a
0.51-mm-high by 3.81-cm-wide collimator slit which
was aligned with the slit on the source side. The entire
source/detector assembly was mounted on a common
frame which would be traversed in the vertical direction
using a stepping motor (0.44 mmy/step).
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F1G. 5. Cross-section of experimental test section.
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The uncertainty in measurement of moisture content
using this approach is moisture dependent. Using
worst-case assumptions, it was estimated [21] that
uncertainties ranged from =+ 6.8% at + 120% moisture
content to 29.5% at 109 moisture content.

Since a single drying experiment could run for
several days, the entire data acquisition process was
computerized. The experimental setup, uncertainty
analysis, and results for southern pine are discussed in
detail by Brown [21] and Plumb et al. [22].

RESULTS AND DISCUSSION

The numerical program was run under conditions
corresponding as closely as possible to experimental
conditions. It was difficult to select a representative
value for the permeability because the drying direction
was never totally parallel nor perpendicular to the
drying surface, due to growth ring curvature in the test
samples. Hence, moisture movement was never purely
radial nor tangential, but rather some combination of
the two ; radial permeability is as much as two orders of
magnitude greater than the tangential permeability of
southern pine. The program was run using different
permeability values to demonstrate its effect on drying.
Values of the other transport coefficients used in the
calculations are summarized in Table 1, along with a
reference to the appropriate source.

Figure 6 shows a comparison of the prediction of the
drying model with experimental results for moisture
content as a function of time. The inset illustrates the
specimen’s grain orientation, which deviates signifi-
cantly from the purely radial direction. The contribu-
tion of tangential transport implies that the lower
permeability (10~ '2) should more accurately predict
the overall drying rate, as appears to be the case. The
greater permeability representative of the radial
direction predicts faster drying than was measured.

Temperature histories at the surface and the center of
the board shown in Fig. 6 indicate that the model
overpredicts the temperature for both values of
permeability. This is attributed to heat losses from the
test section, as opposed to inadequacies in the model.

Figure 7 shows comparable curves for a wood
specimen dried at a lower air temperature, thus slower
drying. Grain orientation for thisspecimen allows more
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F1G. 6. Comparison of experimental and predicted results for
wood sample No. 123.

uniform radial transport of heat and mass, and the
corresponding higher permeability gives the model
better agreement with the data. Temperatures are again
overestimated with both permeability inputs ; fluctu-
ations in the temperature data arise from diurnal
variations in temperature in the laboratory.
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F1G. 7. Comparison of experimental and predicted results for
wood sample No. 113.

Table 1. Transport properties utilized in numerical calculations

Property Model Source
D, diffusion coefficient, cm? s * = exp(3.746 — 5.12y—4317/T) (K) [24]
=0 S > 0.802
» capillary t t coefficient, gs "2 cm " = 0.802\%? 6,15
C,, capillary transport coefficient, gs™* cm {= o _ S < 0.802 [ ]
27x1073 §
o, surface tension, g s~ 2 ¢ =7564—0.144T gm s~ 2 271
k, thermal conductivity, calcm ™ 's ' K™! from thermal network model supported [6, 14, 25, 26]

by experimental results
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The ability of the numerical model to predict
moisture distribution in the wood is of great interest
because, due to water-induced swelling of wood,
moisture gradients cause strain gradients that can lead
to cracking and warping. Moisture profiles predicted
for various times during the drying cycle are shown,
with moisture contents measured at corresponding
times, in Figs. 8 and 9. The measured moisture profiles
exhibit surprising oscillations. These are explainable
to a certain extent if the corresponding density
measurements are examined. Peaks in moisture
content occur coincident with valleys in density and
vice versa. The less dense earlywood has a larger lumen
volume than the dense latewood. Thus, at the same
saturation level, the earlywood will have a higher
moisture content than latewood. One can speculate
that, if the moisture distributions shown in Figs. 8 and 9
could be converted to saturation, the curves would be
smooth; hence, indicative of saturation-gradient-
driven liquid transport due to capillary action. Since
wood is both highly nonhomogeneous and non-
isotropic, itislikely that the transport is not strictly one-
dimensional. Thus, a one-dimensional model that
assumes homogeneity in a single direction cannot be

O. A. PLuMs, G. A. SpoLex and B. A. OLMSTEAD

expected to capture the detailed features of the drying
process. It is hoped that such a model can provide
quantiative results on a more global basis that are of
utility.

For both specimens shown, the model tends to
overpredict moisture content at the center of the board
early in the drying. This result may be a consequence of
the assumption that the gas-phase permeability is
sufficient to dissipate gas-pressure gradients. If early
local heating causes the gas pressure to rise significantly
above the ambient pressure, then additional liquid flow
will be driven by gas-phase pressure and moisture
contents will decline more quickly. This argument is
supported by thefact that the board heats up faster than
it dries, as indicated by Figs. 6 and 7.

As previously mentioned, saturated liquid perme-
ability has a large effect on drying time. This parameter
is a factor, of course, only at moisture contents greater
than the fiber saturation point when mobile free liquid
exists. To quantify this effect, the model was used to
predictdrying for a wide range of permeabilities with all
other parameters held constant. Time required to dry a
board to an average moisture content equal to FSP was
compared to that criterion for a board with a saturated
permeability of 10~ "% cm?; the result is shown in Fig.
10. It can be seen that at both very low and very high
permeabilities, drying time asymptotically approaches
a constant value. At low permeabilities, less than 10~ 14
cm?; capillary-driven liquid transport is negligible and
mass transport is due to diffusion; drying rate is
controlled by diffusion rate. At high permeabilities,
greater than 107 '2 cm?, the capillary transport is so
large that moisture content is essentially uniform so
that the drying rate is controlled at the surface by the
convective mass transfer coefficient. At intermediate
permeabilities, the drying rate is neither totally
internally nor externally controlled, but is strongly
dependent upon permeability. Since permeabilities
measured for different wood species span this entire
transition range [ 127, it cannot be overemphasized that
good permeability data must be available before
reasonable model results can be expected. This
requirement is moderated somewhat in prediction of
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overall drying time (to well below FSP) because the
diffusion-controlled late stage of drying always
consumes a significant amount of the total drying time.

CONCLUSIONS

This work presents a model of the heat and mass
transfer which occurs in wood during drying. Both
diffusion and capillary transport mechanisms are
included. A mechanistic model is utilized to relate the
capillary porous properties of wood to known
geometric and permeability parameters. Results
generated from the model, when compared with
experimental data, demonstrate that the model
predicts reasonably well the drying rates and moisture
distributions, provided accurate permeability data is
available. If permeability values are in error, or if
capillary transport is neglected altogether, then drying
rates predicted by the model will be unrepresentative.

The model currently relies on an empirical function
to predict the surface mass convection as a function of
surface moisture content. This approach is severely
limited in terms of general applicability without a
definitive theory for mass transfer coefficients on
partially wetted porous surfaces.
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TRANSFERT DE CHALEUR ET DE MASSE PENDANT LE SECHAGE DU BOIS

Résumé—On développe un modéle de transfert de chaleur et de masse dans le traitement du bois. Il inclut le

transport de liquide par action capillaire et par diffusion. Le modéle est unique dans le fait que les propriétés de

transport qui ne sont parfois pas disponibles dansla littérature ou difficiles a mesurer, sont calculées 4 partir de

la connaissance de la structure du bois. Des résultats calculés s’accordent avec ceux déterminés

expérimentalement. Les résultats expérimentaux sont les premiers de leur genre par le fait que les profils
d’humidité sont mesurés pendant le processus de séchage par atténuation gamma.
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WARME- UND STOFFUBERTRAGUNG BEI DER TROCKNUNG VON HOLZ

Zusammenfassung—Es wird ein Modell fiir den Warme- und Stofftransport in Weichholz entwickelt. Das
Modell beriicksichtigt den Stofftransport durch Kapillarwirkung wie auch durch Diffusion. Das Modell ist
einzigartig darin, daB die Transporteigenschaften, die in einigen Fillen sowohl nichtin der Literatur verfiigbar
wie auch schwierig zu messen sind, aus der Kenntnis der Holzstruktur berechnet werden. Die
Rechenergebnisse stimmen vorziiglich mit den experimentell bestimmten iiberein. Die experimentellen
Ergebnisse reprisentieren die ersten ihrer Art darin, daB die Feuchtigkeitsprofile wihrend des
Trocknungsprozesses mit Hilfe eines Gammastrahlenabsorptions-Verfahrens gemessen werden.

TEIIJIO- U MACCOITEPEHOC ITPU CYUIKE JAPEBECHHbI

Aunnoraums—Pa3paboTaHa MOJeb TEIJIO-H MAaccoIlepeHoca JUIA MATKOM ApeBecuHbl. Moaens BKJIOYaeT

KaK KamWUIApHbIHA, Tak H muddy3uonHslii nepeHoc xuakocTh. OHa OTIHYaeTCA TeM, YTO TpYAHble Ans

H3MEpEHHs CBOMCTBA MEpeHOCca, KOTOPble B HEKOTOPBIX CIy4asix OTCYTCTBYIOT B JIATEPATYpE, MOJIyYeHb!

U3 [JaHHBIX O CTPYKType OpeBecHHBI. Pe3yIbTaThl pacueToB XOPOLIO COrJIACYIOTCH C IKCIIEPHMEHTAMH.

DKCrepuMeHTalbHbIEe NaHHBIE SABIAIOTCH NEPBLIMH B CBOEM POJIE, T.K. IPOGHIM BIAXHOCTH N3IMEPAIOTCS
B IpoLecce CYIIKH, HCXO/A U3 3aTYXaHHA TaMMa U3JIyYcHHA.



