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Abstract. External  heat-and-mass transfer  during
filtration drying of packed birch peeled veneer has been
investigated. The dependence of heat-and-mass transfer
coefficients on actual speed of heat agent filtration has
been determined for dry and wet veneer sheets. The effect
of heat agent temperature on the values of diffusive, heat
and hydrodynamic boundary layers, and as a result, on
heat-and-mass transfer intensity has been established by
the experiments during filtration drying of packed veneer.

Keywords: birch peeled veneer, heat-and-mass transfer,
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1. Introduction

Veneer is widely used in furniture and veneer
industries. The increasing demands of woodwork and
furniture production which use veneer of valuable wood
as well as severe competition need the decrease in cost
and increase in products quality. Nowadays convective
dryers and dryers with jet blowing of the surface are used
for veneer drying. They are very power-consuming
technological processes. The energy consumption of
veneer drying till its moisture of 8 = 2 % is approximately
60% of the total energy consumption. Therefore, the
investigations concerning veneer drying with less energy
consumption is very urgent.

It iswell-known that drying intensity is determined
by the process time and regimes ensuring the necessary
strength index and characteristics of dry wood (absence of
surface and internal cracks) and drying efficiency — by
heat energy consumption for drying of 1 m® of the
materials. Batch dryers with stepped drying low-
temperature regimes are widely used in industry for
carving wood drying. However the design and operation
simplicity of the mentioned dryers cannot offset a

disadvantage of high energy consumption due to the low
heat-transfer coefficients of the heat exchangers [1-3].
Using jet blowing the veneer convective drying is
intensified by 2-3 times but fans capacity increases as
much. The result is the higher cost of the drying process
compared with that in convective dryers[1]. Therefore the
search and usage of veneer dternative drying are the
problem of primeimportance[4].

To smulate the heat-transfer processes it is
necessary to determine the coefficients of heat-transfer
between the heat agent and veneer sheets. Actudly the
experimental methods are widely used for this purpose. The
criteria equations for the calculations of heat-transfer
coefficients depending on Reynolds criteria during wood
stack drying are givenin [2] but it isimpossible to use them
for packed veneer drying because of the great error between
experimental and calculated values. The andysis of
literature data shows [5-7] that the majority of authors use
calculated dependencies with heat-transfer coefficients.
However the criteria dependencies due to which the
coefficients may be determined are absent in the literature.

Thus the existing calculated relations allowing to
settle the well-founded optimal drying regime for veneer
and ensure the maximal drying potential of the heat agent
are insufficient. Therefore, the investigation of heat-and-
mass transfer processesis the actual task.

We suggest the plant for packed veneer drying [8]
that permits to use the drying potential of the heat agent to
the maximum, and as a result, to decrease the energy
consumption for drying (compared with the existing
equipment) and to ensure the high quality of dried veneer.

2. Experimental

The sheets of birch peded veneer with the
thickness of 1.5 mm were the investigation object. The
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initial moisture was 58%. It was dstipulated by the
presence of free (capillary) moisture in the cells cavity,
intercellular space and bound moisture in the cdls wall.
Heat conductivity of the dried birch wood varies from 0.1
to 0.4 W/mX. This indggnificant value is caused by the
porasity of wood structure.

The experiments were carried out using the plant
represented in [4]. In order the whole surface of veneer
sheet participated in the heat-and-mass transfer, as wdl as
the heat agent temperature along the sheet surface were
constant, the sheet height according to the heat agent
driving direction should be 30 mm and pack size should
be 100x100x30 mm.

The packed veneer was formed from the wet sheets
of birch peded veneer by the size of 100x30x1.5 mm (layer
pad thickness was 0.8 mm), dried in the drying chamber
till the constant mass and installed on the plant in the
container made of the heat-insulating material (fiber-glass
plastic). To determine the heat agent temperature
thermocouples were placed over and under the packed
veneer at the distance of 20 mm. Six thermocouples under
the packed veneer were placed in the different points
relative to container walls and the heat agent temperature
was determined as an arithmetical mean value. The
temperature at the exit of packed veneer was
automatically recorded using octa-channel temperature
indicator RT8-1000 with data computer processing. The
constant temperature over the pack was sustained at the
level of 343+ 0.5K using thermoregulator RT-100 and
chromel-copel thermocouple.

The drying process was carried out for 20 s at the
heat agent temperature of 323, 343 and 373K. The
weighting time was approximately 10 s. To exclude the
evaporation during pack weighting it was covered by the
cover plate made of heat-insulating material. Every
experiment was carried out minimum three times to obtain
the reliable data.

Taking into account that the pack surface
contacting with the heat agent during the drying is large
(0.1-02 m? depending on pack thickness) and the
thickness is small ((1.5-4.0)40° m) we investigated the
external heat transfer between the heat agent and the
surface of dried and wet veneer.

3. Results and Discussion

3.1. External Heat Transfer between the
Heat Agent and Dried Sheets of Birch
Peeled VVeneer

The averaged temperatures of the heat agent at
the pack exit are represented in Fig. 1 at different speeds
of the heat agent which varied from 1.35t0 4.32 nvs.
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Fig. 1. Change of the heat agent temperature at the exit
of dried packed veneer (thickness 1.5 mm)
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Fig. 2. Heat transfer coefficient vs actual speed
of the heat agent

The heat agent temperature of 343K over the
packed veneer was chosen taking into account the short
heating time. Data in Fig. 1 allow to determine the
coefficient of heat transfer from the heat agent to the dry
surface of veneer sheets.

The values of heat transfer coefficients a were
calculated in accordance with the equation of heat transfer
[9] on the basis of experimental data given in Fig. 1.
- R

Fot- Ta )01
where DQ — amount of heat needed for the heating of
packed veneer sheets and calculated in accordance with
the equation of heat balance for the heat agent; t is
assumed to be the arithmetic mean temperature of the heat
agent at the entrance and exit in accordance with the
measurements given in Fig. 1; Dt — experiment time.

The average temperature of sheets surface Ta iS
estimated as follows. The average temperature of veneer
sheets T is determined using the heat balance:

DQ:m>CS>(T-TO) (2
where To — the initial temperature of the veneer sheet; m—

mass of packed veneer sheets; ¢, — heat capacity of the
dried birch veneer.

a
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Obvioudly, the surface temperature is higher than
the average temperature inside the veneer sheet. However,
it is difficult to measure the temperature on the veneer
surface in the pack because of the small distance between
sheets. In case when the temperature at both sides of
veneer sheet is the same and equal to the heat agent
temperature and when the sheet structure is homogeneous,
it may be assumed that distribution of the temperature
field along the sheet thickness will have parabolic nature.

Taking into account that the veneer sheet
temperature varies in the narrow range of temperatures,
we admit that | = const. Moreover, we assume that the
temperature of the veneer sheet is changed only along its
thickness, in other directions it is constant, i.e. we have
unvaried symmetric task. Taking into consideration that
the heat agent temperature on the veneer sheet surface is
known and constant, and heat transfer between the heat
agent and veneer sheet surface takes place in accordance
with Newton's law, we may use boundary conditions of
the third type with corresponding initial and border
conditions in order to determine the temperature on the
veneer sheer surface. Then the solution of differential
equation may be expressed as follows[10]:

T(xt)-T, . & X
tc_—_l_oo—l- zna:‘lﬁhmosnlxﬁmxp(—rrf%o) (3

where t, — the heat agent temperature; T(xt) -
temperature on the veneer sheet surface (x=R); A, -

coefficient from Ref. [10]; R — ' of the sheet
thickness (d =2xR, 0<x<R) ; m — root of the

5
characteristic equation, gectgm: - B', 2.

e 2XmxBi g
Fourier and Bio criteria, respectively.

It is well-known from literature data that by
Fourier numbers Fo > 0.3 [10Q] it is sufficient to confine to
the firgt root of the characteristic equation (to choose the
regular regime). Therefore in our calculations we were
confined to the first root of the characteristic equation.
The validity of the mentioned assumption is determined
by the checking Fo and Bi values. The root values are
taken from the tables represented in [ 10].

The obtained values of the heat transfer
coefficients are averaged relative to the surface of veneer
sheets forming the pack.

The experimental results represented in Fig. 2 are
summarized in accordance with Eq. (4) [9]:

Nu, = AxRelr™ 4
Reynolds number for the heat agent motion inside the
flat channelsis calculated in accordance with Eq. (5) [9]:
_uxd, X _uXxE X
m mx/7

Fo, Bi —

Re,

()
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where u, r , m—actual speed, density and viscosity of
the heat agent, respectively; d, — equivalent diameter of
free area between veneer sheets, F — cross-section area of
the space between veneer sheets; 17— wet perimeter.

The parameters of flat channel in the pack are
determined by its width a and thickness of layer pad b
between sheets. Reynolds number is calculated in
accordance with Eq. (6):

Re = 2>xabu X

== a+b) (6)

Taking into account that air physical parameters
are changed within the narrow interval we assume
Nu, ~¥/Pr [9].

To define the unknown coefficients A and n in Eq.
(4) the experimental values are represented by the rdation
Nu,/¥/Pr = f (Re,) in the logarithmic co-ordinates (Fig.
3). Every point is obtained as the arithmetical mean value
of minimum three experiments.

The approximation of experimental values by
power function represented in Fig. 3 allows to determine
the unknown coefficients A and n and Eq. (4) transforms
into Eq. (7):

Nu, = 0.055>Re* >Pro® 7

The obtained dependence (7) gives the possibility
to calculate Nusselt number with the accuracy of + 7.2 %
within the range of Reynolds number 600 £ Re £ 2000.
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Fig. 3. Generdization of the heat transfer during the heating
of dried sheets of birch peeled veneer
3.2. External Heat-and-Mass Transfer
during the Heating of Packed Wet Birch
Peeled VVeneer

The intensity of veneer drying in the formed packs
significantly depends on the amount of heat transferred
from the heat agent to its surface and it is determined by



194

the heat agent filtration rate and temperature difference
between the veneer sheet surface and the gas flow.

Venear sheets contain free surface moisture and
bounded moisture evaporated in the second period. The
external diffusion kinetic area corresponds to the low
values of Bio criterion (Bi). By great values of Bi
(Bi > 50) the kinetics is determined only by intra-diffusion
transfer. There is also an intermediate area where both
transfer mechanisms exist simultaneously. During the
drying the surface moisture is removed in the first period,
and internal moisture— in the second one. In such case the
free moisture is absent on the sheet surface.

The coefficients of mass and heat transfer are
determined in accordance with the kinetic equations[9]:

DW I=<) X, +Xx,0
=bxF _ et 0;>¢ , 8
DX T T ®
. )
D casp o tle y O 9
Dt 2 g

where F — heat-and-mass transfer surface; x,, — moisture
content of the heat agent in the saturation state; x, — the
initial moisture content of the heat agent; r —specific

a,W/mZ-K 00 . 0.10
] @ t=323K b, m/s ] & t=373K
1 4 t=343K + t=343K /
N7 e =3k / ] @ t=323K %
E ; 0.08

70 %/
eog %

50 Frrrrrrrrr e

5u,rn/s

Boris Mykychak et al.

evaporation hest; t, .t t,, — the heat agent temperature
at the entrance, exit and wet thermometer temperature,
respectively; b — mass transfer coefficient; r — density
of the heat agent.

The experimental dependencies of heat-and-mass
transfer coefficients upon the heat agent actual speed are
represented in Fig. 4.

The data of Fig. 4a show that the increase of heat
agent temperature decreases the heat transfer coefficient.
The reason is that during convective heat transfer the
increase in temperature is accompanied by the increase of
agent viscosity and decrease of its density. The result is
the increase of heat, hydrodynamic and diffusion
boundary layers followed by the decrease of heat transfer
coefficient at the same speeds of the heat agent. To
confirm the above-mentioned the dependence of heat
transfer coefficients during veneer drying on Reynolds
number is represented in Fig. 5. One can see that
experimental values may be approximated by the straight
line. It means that the obtained values are not contrary to
the process essence.
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Fig. 4. Dependence of heat transfer (a) and mass transfer (b) coefficients upon the heat agent actua speed
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Fig. 5. Dependence of heat transfer coefficients on Reynolds number
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The analysis of Fig. 4b shows that the increase in
temperature increases the mass transfer coefficient b at the
same speeds of the heat agent. It is explained by the fact
that increase in temperature increases the drying effect of
the heat agent and the amount of moisture evaporated
from the veneer surface for the same period of time.

The experimental data represented in Fg. 4 are
summarized in accordance with the Equations given in[9]:

Nu, = AxRel ™ (10)
Sh, = ARe) X" (12)

The same as for the heat transfer, taking into
account that physical parameters of the heat agent were
insignificantly changed during the experiment, we assume
Sh ~ ¥/ according to recommendations[9].

Presentation of experimental values a and b in the
form of dimensionless complexes in the logarithmic co-

ordinates shows the numerical values of Nu,/¥/Pr and

She/§/§ are approximately the same at the same values
of Reynolds number (Fig. 6). The unknown values of A
and n in Egs. (10) and (11) are determined using
approximation of Nu,/¥/Pr = f(Re,) and

Sh /¥ =f(Re) experimental values by power
dependence. Every point is obtained as the arithmetical
mean value of minimum three experiments.

Generalization of the experimental data in Fig. 6
represents Egs. (10) and (11) asfollows:

Nu, = 0.85XReX*=Pr®® (12

9, = 0.85xRe>* xS (13)

The maximum error between experimental data
and calculated in accordance with Egs. (12) and (13) data
does not exceed £ 9.2% within the range of Reynolds
number 200 £ Re £ 1000.

4. Conclusions
The obtained calculated dependencies correlate

with those obtained by other authors and allow to deter-
mine the coefficients of heat-and-mass transfer during
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drying of packed birch peeled veneer in the first period.
On the basis of experimental results it is possible to
calculate the optimum process parameters, predict
necessary power consumption and service costs,
determine the main structural dimensions of the drying
plant, estimate necessary capital investments and establish
the economic advisability of the process.
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30BHIIIHIA TEIIJIOMACOOBMIH ITIJT YAC
BUCYIIYBAHHS BEPE3OBOI'O JIYHIEHOI'O
HIIOHY Y IMTAKETI

Anomauin. /locnioxceno 308HiWHINL Menio- i MAcOOOMIH
nio uac QinbmpayitiHoco 8UCYWYBAHHSA NaKemy JyueHo2o bepeso-
6020 wnony. [na cyxux i 60102ux JUCMIE WNOHY 6CMAHOGIEHA
3anedxchicmo  Koegiyicnmie menio- i macogiodayi 6i0 OiticHol
weUOKoCmi Qinempysants meniogozo azenmy. Excnepumenmansho
6CMAHOBIEHO BNIUE MeEMNEPAMYPU MENI0B020 A2EHNY HA BETUYUHY
ougysitino2o, meniogoeo i 2iOpOOUHAMIYHO2O NOSPAHUYHUX WIAPIE |
6IONOGIOHO HA THMEHCUBHICMb MENNIO- MACOOOMIHHUX NPOYECie nio
uac Ginbmpayitinoeo GUCYULY8AHHSL WNOHY y NAKEM.

Knwuosi cnosa. cmpyzanuii Oepe3oguii winow, menno-
MacooOMit, (hinempayitine 8UCYULYBAHHSL.





