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3ailicHeHO MaTeMaTH4YHe MOJEJIOBAHHSI MPOIECIB TemjoMaconepeHeceHHs i B’ A3KO-
NPYKHOT0 1e()OpPMYBAHHA Y TIrPOCKONIYHUX KaNiJIAPHO-MOPUCTHX MaTepiajgax 3i 3MIHHHUMU
AHI30TPONMHMMM TeIUIOMEeXaHiYHMMH XaPAKTEPUCTHKAMM, 10 MAa€ Ba’KJIMBe 3HAYEHHA JIA
pamioHaJbHOT0 BHUOOPY Ta OOIPYHTYBaHHSI €HepPro30epe:KHUX TEXHOJIOTiii BHCOKoOTeMIIe-
paTypHOro CyuIliHHSI [epeBHHHU 32 YMOBHU 3a0e3nedyeHHs HeOOXiAHOI MAKOCTI NPOAYKIIii.
3peanizoBano c¢opMyJb0BaHy MaTeMATH4YHY Mojeab JeGOpMyBaHHA [epeBHMHH I 4ac
CyUIiHHS, sIKa Ja€ 3MOr'y BU3HAYNTH JBOBUMIpHHI Hampy:xeHo-nedopMiBHMII cTaH B yMOBax
audy3iliHo-piIbTpaliiHOr0 TENI0BOJI0TI0BOJIOTONePeHeCeHHsI, METOIOM CKiIHYeHHHMX eJleMeH-
TiB. [100y10BaHO AJNrOpUTM METOAY CKiHYEHHHUX €JIeMEHTIB JJIfl AOCHiIKeHHsI TBOBUMIPHOIO
aHi30TPONMHOr0 HamNpys;KeHo-1eGOpMiBHOTO CTaHy Ml Yac CYIIIHHS KaNUISIPHO-NIOPUCTHX
MaTepiaJiB y B’ A3KonpyskHiil 00aacTi neopmyBaHHs. Y pe3yabTaTi 004HCIIOBAJBLHUX eKcIle-
PMMEHTIB BCTAHOBJIEHO 3aKOHOMipHOCTI BIVIMBY aHi3oTpomii TemiogisM4HUX Ta MeXaHIYHUX
XapaKTepPUCTHK JAepeBHMHH, il MOYATKOBOI BOJIOIOCTi, reOMeTPUYHHMX NapaMeTpiB i xapak-
TePUCTHK areHTa CyIIiHHS Ha 3MiHY JBOBHMIPHOIO TeMIIepaTypHO-BOJOTICHOIO Ta B A3KO-
NMPYKHOTO CTAHY A€PEBUHHU Mil 4aC KOHBEKTUBHOTO CYIIiHHSI.

KirodoBi ciioBa: mMaremMaTH4Ha MOJAeJb, MeTOJ CKiHYCHHHX eJIeMEHTIB, TelioMaco-
nepeHeceHHs, B’ I3KONPY:KHUI CTaH, KOHBEKTHBHE CYLIiHHS, JepeBUHA.

The article implemented mathematical modelling of processes of heat-mass-transfer and
viscous-€lastic deformation in in hygroscopic capillary-porous materials with variable
anisotropic heat and mechanics characteristics what is of importance for the rational choice
and substantiation of energy conservative technologies of timber drying under the conditions
of necessary qualitative production providing. There has been implemented the formulated
mathematical model of timber deformation during the drying process which enables to identify
two-dimensional intense-deforming state under the conditions of diffusion-filtration heat and
moisture transfer of the finite elements method. This method has been developed for the
research of the two-dimensional anisotropic intense-deforming state during the capillary-
porous materials drying process in an viscous-elastic area of deformation. As a result of
calculable experiments regularity of anisotropy influence of thermo-physical and mechanical
descriptions of wood were set it initial humidity on changing of two-dimensional temperature-
humidity and viscous-elastic state of wood during the convective drying.

Key words: mathematical model, the method of finite elements, heat and mass transfer,
viscous-elastic state, convective drying process, timber.

Actuality of research
Drying capillary-porous materials are widely used in various industries and require significant
energy, time and material costs. Therefore, increasing the energo-resources under the condition of
maintaining the required quality of products is an important task. One of the approaches to intensify the
process of drying is to use high-temperature regimes. For them, one of the defining factors of influence on
the process of removal of moisture is the gradient of the internal residual pressure of vapor-air mixture. In
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this respect of solving this problem is to develop mathematical models and methods in the study of diffusion-
filtration processes of heat-mass-transfer and deformation of capillary-porous materials in drying process, which
give the opportunity to detail the technology of drying, to predict the quality of the finished products and
increase the efficiency of the development of equipment to provide the desired performance. This problem is
compounded by the fact that wood belongs to the class of the hydroficated physically nonlinear polymers,
which are characterized by considerable variability of structural and mechanical properties.

Analysis of existing results

Today is constructed two-dimensional mathematical model of deformation of the wood of
rheological behavior of [1, 2, 3]. The application of numerical methods allowed to explore two-
dimensional mathematical model is not isothermal moisture-transfer and stress-deforming condition of
wood during drying of viscous-elastic behavior of wood and anisotropy variables of thermo-mechanical
characteristics [4, 5]. The study of the processes of regeneration of moisture transfer for high-intensive
process of drying of capillary-porous materials devoted to [6, 7]. However, the practical use of these
solutions of differential equations, molar-molecular transfer is difficult in the absence of reliable data
coefficients of molar transfer of moisture. Features of mathematical modeling of influence of pressure on
the processes of heat and mass transfer dedicated to work [8-10].

The analysis in the field of mathematical modeling of high-temperature process of drying of
capillary-porous materials indicate different approaches regarding the origin of the main potential
regeneration of heat and mass transfer and its dependence on temperature and moisture. EXxisting
mathematical models do not take into account the entire complex of processes of regeneration of heat and
mass transfer and deformation during the drying of capillary-porous materials. Because the construction
and analysis of mathematical models of diffusion-filtration heat and moisture transfer in capillary-porous
materials in drying process taking into account the peculiarities of technological factors is relevant task.
Development program-algorithmic means implementation of these models allows you to predict the
dynamics of transfer potentials at different stages of heat and mass exchange processes, as well as the
development of effective technological modes of drying process.

Mathematical model of diffusion-filtration heat and moist transfer
For the modeling of non-stationary fields of diffusion-filtration moisture transfer using a system of
differential equations [6]:
aT

C, e K, V2T + K, VU + K, V?P; )

C a—U—K VT +K,,V2U + K, V?P; 2)
m at — N1 22 23 ’

C a—P—K V2T + K, VU + K., V2P (3)
P ot — N3 32 33 :

Where the working variables are temperature T(X, y, t), moisture potential U(x, vy, t) and pressure
P(x,y, ). The coefficients C,, C,, C,, Kj;, Ky, Kiz, Ky, Ky, Kygy Ky, Kgy, Kgy are defined as

Cy = P6Cq O/Cpy; C,, = EAPC: Cp=-405C, Ky /Ky
Ky = (k, + &k, ) d/c, Ky, =edk, d/cy; Ky =&k, d/c,;

K,y = €Ak, d/Cy ; K,, =&Ak,,; Ky = €K,

Ky = €2k, 8/C, Ky = 2K,; Ky =—A(—£)k2 Ik,

Where C,, — specific moisture capacity, C, — air capacity, C, — heat capacity, k, — coefficient of
moisture conductivity, kp — moisture filtration coefficient, kq — thermal conductivity, t —time, p, —dry

body density, & — thermo-gradient coefficient, 4 — latent heat, £ — ratio of vapor diffusion coefficient to
the coefficient of total moisture diffusion.
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The boundary conditions associated with the system of equations (1) — (3) are given by

(K, +g/1p05am)?)—ﬁ+Aq(T —Ty)+A.(U -Uy) +(k, +&lpyda, )/ K, =0; 4)
ouU . .
am—n+A5(I'—TO)+An(U ~Ug)+(Jn/po—8n01Ja) 1k, =0. (5)
Where coefficients Ay AL A A, are
(ky +elpyda,) ey, a, 00,
= ; As=— ;
kq kq
A = 2200 (1 £)(k, + edpyd, ) Ay =~ 20 )
q q

Where ¢, is convective mass transfer coefficient, «, is convective heat transfer coefficient.
The initial conditions have the form
Ty )=To(xy);, Uy )=Ug(xy); PXyt)=R(xy); (6)
where T,, U,, P, —values of temperature, moisture, and pressure at the beginning of the drying process.

Numerical realization of mathematical model
The governing differential equations (1)—(3) were transformed into element equations using the
Galerkin’s weighted residual method [11]. The working variables T, U and P were approximated in terms

of the respective nodal values T;, U; and P; by interpolating functions:
T =D N;(YT;(t); U= N;(xy)U;@1); P=> N;(xy)Pt); (7)
j=1 j=1 =1

Where N; is the weighting function, and T, U, P are the average element values of temperature,

moisture potential and pressure respectively.
Using the Galerkin weighted residual method and setting the residual of the weighted errors to zero,
Egs. (1) - (3) become

[NV (KyVT) + V- (K,VO) + V- (K, VP) - C, g]dQ:O ©)
jNi[V-(KZlVT_)+V-(KZZVU_)+V~(K23V5)—Cm%]d§2:0 9)
INi[V-(K31VT_)+V-(K32VU)+V-(K33V5)—Cp§]d£2:0 (10)

For numeral realization of mathematical models of connected with each other processes of heat-
mass transfer during wood drying (1)—(6) the Finite element method (FEM) is used [11]. Equivalent
variation formulation of model is for this purpose got with assumption, that the change of moisture content
in time is possible to show as a sum of constituents, related to the stream of mass transfer by the gradient
of moisture content and temperature. Eventual system of equalizations for realization of mathematical
model (7)—(8) after FEM looks like:

© ]a{“}+[K1{U}+{F} o [€)AT L [K]iry+{F)=0: [S] 4214 [K]tpy+{F] =0,
where: [C] ij[N [N]dv; J.[B [D][B]av + [ po,[N] [N]ds; {F}=][B] [H][B][T]aV -

—jpoﬁup[N] dS — according to the matrix of thermo-physical properties of material, damping and
S
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loading, {N} — matrix of form functions. Analogical matrixes are those [E][R]{E} F}[?HE}

related with the coefficient of heat conductivity and heat exchange.

For the values of change of temperature {7} and moisture {U} in time the Finite difference method
is used. Then numeral realization of mathematical model (7)—(8) is taken to the decision of the kind of
system equalizations:

[A{US 0 ={R]: (A KT oo ={Re1 APl ={Re}: (11)

As thermo-physical descriptions of wood depend on a temperature and moisture, and equalization of
model (7)—(8) are related with each other, the iteration process of equalizations realization (10) is carried
out on every sentinel step taking into account additional iteration procedure, which specifies influence of
moisture on apportionment of temperature in material and vice versa. Completing of iterations for
equalizations (10) foresees implementation of conditions:

{Un} - {Un.3<10% {70} - {Tn.1}<10™. {P,]-{P, ,}<10™.

Mathematical modeling of deformation and stress in wood during drying. System of model
equalizations for determination component of deformation vector € = (€11, €2, €12)T, strains ¢ = (G11, G,
o1,)T, temperature T(X,t) ,and moisture content U(X,t) during drying wooden bar during time te [0,tq4y] in
the area of cross-cut section Q={X=(x1,x,); x1€[0, l,], x2¢ [0, I,]} the center of which is combined with
beginning of co-ordinates, and the axes of anisotropy coincide with co-ordinate axes, it is built so. The
components of tensions vector are satisfied by equalizations of equilibrium with boundary conditions
which take into account absence of external efforts:

B'o=0 (12)
Boundary conditions (that take into account the symmetry of the task region Q) are:

Uil =0 (13)

Oil, =0, (14)

where Iy, I, are geometric dimensions.
Here are set notations: o= (o,,,0,,,0,,)" — strains component vector, B — matrix of differential operators

9 5 2

BT — %, X,
o 9 9

X, 0X

Correlation between movements and vector of deformation ¢ = (e,,,¢,,,€,,)" is written this way:
¢=Bu, (15)
where U is displament vector components u = (u,,u,)"

For describing deformation processes in viscous elastic bodies, to which concerns wood, was used
hereditary theory of elasticity [9]. It’s correlation describes connection between components of strains and
deformations in wood drying process, that is in tensorial form with the help of formula

t
o(t)=C(e—g )-cj R(t,7)e(r)d7, (16)
0
or in scalar form with the help of formulas:

t t
0y (1) =Cyy (€11 —&r1) - Cllj Ry (t, 7)€y (7)d7 +Cyp (£ — &1, ) — ClZI Ry, (t, 7)€, (7)d7;
0 0
t t
02 (1) =Cy (&1~ &11) - C21I Ry (t,7)€,1(7)d7 +Cpy (€5, —£1,) = szj Ry, (1. 7)€, (7)d7; (17)
0 0

t
01, (1) =2C;, (512 — &) - 2C33j Ry (1, 7)€, (7)d7,
0
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&n o4 AT + S AU

where & =| &, |=| AT + B,AU | — deformations vector, that caused by changeable gradients of
0 0

temperature AT and moisture content AU accordingly. Exactly these deformations are the main source of

strains formation in wood during drying process. For anisotropic body in case of plain stressed-strained
state, elasticity matrix is given by

En uE, 0
l1-vv, 1-vp,
C= Uy Ex ol (18)
l-vv, 1-vyp,
0 0 y7i

Here E;,, E,, — modulus of elasticity, v;, v, — Puasson coefficients, # — modulus of rigidity.

In this task was taken into account that elasticity m atrix coefficients depend on temperature’s value
and on moisture content of material. Functions rheological behavior of wood during drying with regard to
the mechanism of accumulation of irreversible strains are selected as

g*(r)z[ao—iaiexp(—bir)}h(r)h(ro—r){ao_éqexp(_@(r_ro))}h(r_ro), (19)

i=1
where h(z) — Heaviside function, and the unknown coefficients a;, b;, o;, f; determined by least squares
approximation based on experimental data of creep samples of wood under load and after unloading [13].
Research results of deformation creeping and reverse creeping along fibres allowed to plot
rheological wood behaviour functions with taking into account accumulated residual deformations, that are
necessary for calculation of stressed-strained lumber state in wood drying process. That’s why, when we
substitute correlation (15) into formula (16), and then into equation (12), we get equilibrium equations that
are similar to Lyame equations, where part of additional volume forces play gradients of temperature and
moisture content. So, if to add to the equations (12), (15), (16) and boundary conditions (13), (14) initial
condition given by
ul =0, (20)

Hz=0

then we will get nonstationary task for stressed-strained state determination of dried wood.

Variational task formulation
For the task category to which belongs written above non-stationary task of stressed-strained state
determination, is popular formulation on basis on Lagranzh principle (principle of a minimum of full
potential energy) (16), that claims the following. Among the acceptable movings u of wood as viscous
elastic body, which belong to space
H, ={u=(u,u,)’ :ui\xi=0 =0,u; e W, (Q),i =12},

are transfers that meet the location of equilibrium and give minimal value to functional of Lagranzh
TI(u) =%jaTCad9+jachR(t,r)g(r)drdQ—jaTC(aAT +BAU)IQ . (21)
When to substitute isrito function.:l (21)0 expressions (15), (1%), we’ll get
TI(u) =%IUTBTCBudQ+IUTBTCjR(t,T)BudeQ—IuTBTC(aAT +BAU)IQ, (22)
Decision of ?ask about minin?um of :unctional (22) wi?h the help of finite element method is

searched in finite subspace S, of energetic space H , . Basic functions are determined on quadrangles, that
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cover with grid region Q and intersect between each other. In that case transfers on each element express
through nodal values of transfers. So, we have:

1,0607) = YU, (9,00 U, (,7) = D (710,00 23)

Let’s input dissection for time using the rule t, =7, =kA7, Arzg, where S — integer, and mark

u, ={u,(z,),u,(z,)} . When to put correlation (23) into functional (22) and sum all finite elements, from
minimum conditions of functional (22) 8I1=0, then we’ll get on each step by time, system of linear
algebraic(al) equations as:
1[BTCBuU,dQ+47 [BTCR(t,,7,)Bu, dQ =
Q Q - (24)
=juTBTC(oAT + mU)dQ—ZMIBTCR(tk,ri)BuidQ.
Q 1 Q

Correlation (24) makes it clear that calculated on k -step transfer vector components u, (in the left
part) depend on gradient to temperature and moisture and from previous states of system (in the right part).

Analysis of theresults of numerical modeling
For numerical research of processes of heat-moisture-transfer and deformation of wood used the
following parameters of the environment and heat-moisture-exchange: for U >0.35, temperature
to =79 °C, ¢ = 0.77, relative humidity of the drying agent. The properties used as reference were obtained

from the literature [10, 12] and are given for a wood: p, =460 kg /mé; ky=455.6 J/m-K-h;
c,=1630 J/kg-K; A=23-10° J/kg; k,=45-10"7 kg-m/h-N; c,=12:10° m’/N;
§=002 1/K; a,=6.01-10° kg/m’-h-M; a,=15-10° J/m?-K-h;c,=0.003 kg/kg-M ;
£=01; k,=36 kg/m-h-M .

Thermal parameters of wood drying process are determined by the relations of approximation [14,
15] from moisture and temperature. The formulas for their determination presented in [12]. But for some
parameters needed clarification. In particular, the coefficients of moisture conductivity of wood according
to [1] depends only on the temperature. Research data [15, 16] indicate a significant dependence on
moisture. Therefore, for the definition of addiction as a function of used the results of experimental studies
[6, 15]. Obtained dependence are as follows:

a, (1) =(a,t* +a,t’ +ast+a,)-107°, m/s, (25)

On the basis of experimental data processing [12, 14, 17] obtained the dependence of the coefficient

of moisture conductivity of wood from moisture to constant temperature:

a, (U)=-274,391u° +634,908u* — 526, 7u® +181,864u” — 22,655u +1,905 (26)
Then for the calculation was that:
a'm = amt ’ a'mu ; ampad/amman =1’ 25 '

Table 1
The value of the coefficientsfor different types of wood
an ap ag Ay
Pine 1,273-10° 9,74.10™ 0,022 0,587
Hardwood 8,565-10™ -2,361.107 0,111 0,192
Oak 8,565-10™ -5,704.10" 0,041 0,012
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For the determination of the coefficient of moisture-Exchange used dependency and nomogram are
resulted known [2]. Her analysis reveals about the independence of the coefficient of moisture-Exchange
from the wood and moisture of the material, but it depends on the relative moisture of the drying agent.
Analysis of nomogram shows the achievement of a coefficient of moisture-exchange of identical values for
¢ =0,1and ¢ =0,75 for air speed of 2 m/s. Available at the different equilibrium moisture content cause
a certain ambiguity. Therefore, for the determination of the coefficient of moisture-exchange used the
formula [6, 15]:

T -9

o, =095 —— |10, (27)
" [(P/ Pa)qoeJ

where ¢ is the criterion of phase transition, T is absolute temperature of environment, K.

It is known [1, 15], that in the capillaries of the wood is reduced the relative pressure of steam.
According to the formula of Thomson's pressure of steam in the capillaries is defined by the formula:

P =P, exp(-20V, /rTR), Pa, (28)
where o is surface tension of liquid , N/m, V, is the molar volume of liquid, m3/mol.
Then the magnitude of the pressure drop of steam, and therefore the relative moisture ¢ is:

)
Gy = exp(—Zan/rTR) . (29)

The magnitude of r is given by [18] of the form r = r (U), obtained on the basis of the simulation of
the structure of the wood system is not permanent capillaries, set the cylinder radius r, which depends on
the moisture.

In fig. 1 shows the value depending on the temperature and moisture in the hygroscopic region.

P/Po
0,67
0,57
0,4+
0,37

0,21 363
0,11

0 <" 303
0,05 0,1 0,15 0,2 Up

Fig. 1. The dependence of the magnitude of temperature and moisture

The value of ¢ is obtained by logarithm the magnitude of Wp. We obtain the following formula:
100U
¢=042In——"- . (30)
7,36-0,015T
Analysis of graphical dependencies distribution moisture content and temperature in wood plate
(fig. 2 and fig. 3) indicates that, despite the higher value of the temperature in the solid phase compared
with liquid, the intensity achieve uniform values in the process of drying the different phases is higher than
in the solid. Such a distribution of values of moisture content, temperature, and velocity change in different
phases of conditioned by higher temperature conductivity waters compared with the heat-exchange solid
phase. Graphic dependence non uniform distribution of moisture especially due to phase transitions
between liquid and vapor-air phases. However, in the initial stages of the transition process of intense
change of temperature and moisture for all phases is observed on the surface of the material. It should be
noted that the difference in distribution of temperature fields over the duration of the drying of wood
increases, namely temperature solid phase increases, increasing the temperature of the liquid phase is
slowed down and does not exceed the temperature of saturated steam.
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Fig. 2. The distribution of moisture content of solid phase in a wood plate
for different values of time (curve 1 -10h; 2-20h; 3-30h; 4-40h; 5-50 h; 6 —60 h)
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Fig. 3. Distribution of the moisture content of the air-vapor phase in wood plate
for different values of time (curve 1 -10h; 2-20h; 3-30h; 4-40h; 5-50 h; 6 —60 h)

The temperature in the gas phase reaches values that an order higher than in other phases. In
addition, the intensity of the changes of vapor-gas and liquid phases have significantly changed in the
process of dehydration. There is a significant effect of structural anisotropy of wood on these processes. At
the initial stage of the process models for lumber radial direction mentioned vapor-gas mixture increases
from the central part of the surface. For tangential samples distribution of steam-gas mixture is more
uniform. The intensity of the phase transition for the initial stages of dehydration of wood varies in
different points of the wood and essentially depends on the pressure of the gas mixture.

Figure 4 describes the change in the volumetric content of liquid phase in mineral plate, fig. 5
describes the distribution of concentration of air depending on changes in time. The results published in
mathematical modeling are consistent with the results of experimental research and data on the distribution
of temperature and moisture in a homogeneous environment for particular cases.

In particular, the model temperature solid phase is close to the measured surface temperature and
temperature of liquid phase more than meets the temperature at the center of the wooden plate by known
experimental data. Original uneven distribution of moisture significantly affects the distribution of
moisture in wood as a result of the evaporation of the liquid and the disappearance of the steam phase. In
the process of dehydration wood reduction zone forming the maximum values of the pressure of the gas
mixture, and values are reduced.
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Fig. 4. Distribution of the moisture content of the liquid phase
in mineral plate for different values of time
(curve1-10h;2-20h;3-30h;4-40h;5-50h; 6-60h)

Fig. 5. Distribution of concentration of air
in wood plate for different values of time
(curve 1-10h;2-20h; 3-30h; 4-40h; 5-50 h; 6 —60 h)

Analysis of the distribution of temperature and moisture transfer in liquid, solid and air phases
indicates that the mathematical models allow to predict the specifics of the interrelated processes of
transference in different phases and take into account the physical linearity of these processes, occasioned
by dependence of physical properties of the wood from the heat and moisture.

Determining the cause of the wood internal pressure and its gradients is a process of intensive
expansion of vapor gas mixture in the material, due to the heating and the heterogeneity of capillary-porous
structure. Increase the temperature of the material is intensifying its internal process of vaporization and
and molar transfer moisture to the surface of the material. Analysis of the drawing dependency indicates
that in the process of drying of wood (460 kg/m®) with an initial moisture kg/kg is characterized by three
periods: the period of warming up, a period of constant speed drying and falling speed drying period. For
the first period in the wood carried out intensive heating, which causes rapid vaporization. The temperature
of the surface layers of the wood during the whole period is greater than in the central layers. In the most
heated layers of wood until the end of the first period of drying process occurs the maximum residual
pressure. This pressure raises the temperature for the material, which is lower than the saturation
temperature for a given atmospheric pressure.

The second period of drying process is characterized by the relative stabilization of growth
temperature field. This is caused by the absorption of a significant number of the internal heat of
vaporization, which in turn causes rapid growth of residual internal pressure. The presence of this gradient
of pressure aimed at the internal layers of wood, intensifying its selection process. At the beginning of a
period of constant speed drying there is a combination of the fronts of the maximum values of the internal
residual pressure. In the middle of this period, its value reaches the maximum values and then observed
their gradual reduction. Increase the values of pressure in wood drying process are determined by the
structure of the material over a long time air mixture.
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An important aspect is the interaction of temperature and internal pressure (fig. 6, fig. 7). Since the
temperature of the wood in the process of drying gradually increases, the value of total internal pressure in the
story is greater than the saturated vapour pressure values for the temperature of the material. The pressure of the
gas-vapor mixture has the maximum value in the central area of the wood plate. This relationship between the
temperature of the wood and the internal pressure is yet another confirmation of the fact that in the process of
drying is carried out an intensive internal vaporization or evaporation of moisture.

Fig. 6. Distribution of the vapor pressure
in wooden plates for different values of time
(curve 1-10h;2-20h;3-30h; 4-40h; 5-50 h; 6 -60 h)

Fig. 7. Distribution of air pressure
in the wood plate for different values of time
(curve 1-10h;2-20h;3-30h; 4-40h; 5-50 h; 6 -60 h)

Analysis of the temperature field for the period flowing speed drying indicates their growth
throughout the volume of the material as long as the temperature of the central layer does not come up with
the temperature of the surface layers. Because this period is a distinctive selection of bound moisture, then
the length of this period is quite significant. However, the intensity of decreasing internal residual pressure
is greater in comparison with the previous periods.

Capillary-porous medium wood drying process except the moisture filled and vapor-air mixture.
Capillary-porous medium wood drying process except the moisture filled and vapor-air mixture. In the
process of heating the wood to a liquid (water), and steam and air is trying to increase its volume.
However, changing the volume of wood and liquid phases of the wood with the increase in temperature is
negligible compared with the increase in the volume of vapor-air mixture. The increase in temperature and
decrease moisture of wood during drying causes the increase of gas permeability in the material. That is,
the number of steam-air mixture is changed during the drying process. Since, during the drying process
over a long period remains the air, it causes a reduction of pressure in the material, the value of which
more the pressure of water vapor at a given temperature.
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Conclusions

Resolved an important for the intensive process of drying the task of diffusion-filtration-products-
heat-transfer in which taken into account anisotropy of temperature, humidity and filtration characteristics
of material. Formulated a mathematical model of the viscous-elastic deformation of wood, which takes into
account the accumulation of irreversible deformation and anisotropy variables of heat mechanical
characteristics of wood. Conducted a numerical analysis of the influence of technological process
parameters are highly intensive drying of wood on two dimensional temperature-humidity and viscous-
elastic material status.
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