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ABSTRACT

Two mutually connected 1D mathematical models have been created and solved. The
first of them allows the computation of the non-stationary temperature distribution along the
thickness of subjected to unilateral convective heating furniture elements before their
subsequent lacquer coating. The second one allows the computation of the non-stationary
distribution of temperature, t, along the thickness of the carrying rubber band, on which the
non-heated surface of the furniture elements lies. A software program has been prepared for
the simultaneous numerical solution of both models with the help of an explicit scheme of
the finite difference method, which has been input in the calculation environment of Visual
Fortran Professional. With the help of the program, computations have been made for the
determination of the 1D change of t in flat oak elements and in the rubber band, on which
the non-heated surfaces of the elements lie. In the simulation experiments the oak elements
were with thickness of 16 mm, length of 1.2 m, initial temperature of 20 °C, and moisture
content of 8 %. The duration of the elements’ unilateral convective heating by air with
temperature of 100 °C and speed of 2 m-s?, 5 m-s™, and 8 m-s* was equal to 10 min. The
rubber band was with thickness of 4 mm, width of 0.8 m, initial temperature of 20 °C, and
the temperature of the surrounding air was 20 °C. The computer solutions of both
mathematical models could be used for visualization and technological analysis of the
temperature change along the thickness of furniture elements made of different wood
species, different thickness, length and moisture content, during their unilateral convective
heating with different temperature and speed of the circulated air prior to their lacquering.

Key words: furniture elements, carrying rubber band, 1D modelling, unilateral convective
heating, temperature distribution, surface finishing.

INTRODUCTION

The production of furniture elements from solid wood and/or veneered boards requires
their surfaces to be processed with liquid protective and decorative coatings. The flow and
homogenization of liquids spread over the furniture elements could be improved via
preliminary heating of their surfaces (ZHUKOV — ONEGIN 1993, KAVALOV — ANGELSKI
2014).
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The purpose of the pre-heating of furniture elements is to introduce heat in their surface
layer right before the application of the liquid layer of lacquer. In this way, during the film-
forming process heat from the wood surface layer is carried to the lacquer covering.

Pre-heating of surfaces, subject to further lacquering, is applied with the purpose to
accelerate the hardening of the thin lacquer coverings with organic solvents. Upon the
application of a lacquer layer over the heated surface, it accelerates the evaporation of the
solvents and removes the air from the wood pores (JAIC — ZIVANOVIC 2000). When the
surface of the wood is heated, after the applying the lacquer a heating of its bottom layer and
an intensive evaporation of the solvent from this layer occurs. Because of this, the hardening
of the lacquer starts from its bottom layer and the solvent vapour leaves unimpeded the
lacquer and evaporates into the atmosphere (ZHUKOV — ONEGIN 1993, RUDIGER 1995).

Unilateral convective heating used prior to lacquering is mostly applied on flat wooden
details with thickness from 4 to 35 mm and moisture content of 8-10 %. The equipment for
preliminary heating of the details is formed usually as a tunnel section (Fig. 1), which can
be part of an assembly line for protective and decorative film application (SKAKIC 1992,
KAVALOV — ANGELSKI 2014).

Fig. 1 General view of equipment for unilateral convective heating of furniture elements before their
subsequent lacquering.

In the accessible specialized literature there is no information at all about the
temperature distribution in furniture elements during their unilateral convective heating
before lacquer coating. That is why each reasearch in this area has both a scientific and a
practical interest.

The aim of the current work is to create and solve two mutually connected 1D
mathematical models. The first of them must allow the computation of the non-stationary
temperature distribution along the thickness of subjected to unilateral convective heating flat
furniture elements immediately before their subsequent lacquering. The second one should
make it possible to compute the non-stationary distribution of the temperature along the
thickness of the carrying transport rubber band on which the non-heated surface of the details
lies. A part of the aim is to show an application of the created models for the computations
of the mentioned temperature distributions for the case of unilateral convective heating of
flat oak elements by hot air with different speeds in order to improve the thermal conditions
for their subsequent lacquering.
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MATERIAL AND METHODS

Mechanism of the 1D heat distribution in flat furniture elements during their heating
During the heating of wood furniture elements along with the purely thermal processes, a
moisture-exchange occurs between the processing medium and the elements. The values of
the moisture diffusion in the elements are usually hundreds of times smaller than the values
of their temperature conductivity (CHUDINOV 1968, NIKOLOV — VIDELOV 1987, SHUBIN
1990, PozaGalJ et al. 1997, VIDELOV 2003, DELIISKI 2003, 2013A, 20138, DELIIsSKI et al. 2015,
20168, RADMANOVIC et al. 2014). These facts determine a not so big change in diffusing
moisture in the elements, which lags significantly from the distribution of heat in them
during the heating. This allows disregarding the exchange of moisture between the elements
and the heating medium and the change in temperature in them to be viewed as a result of a
pure thermo-exchange process, where the heat in them is distributed only through thermo-
conductivity. Because of this the mechanism of heat distribution in the furniture elements
can be described by the equation of heat conductivity.

When the width and length of the furniture elements exceed their thickness by at least
3 and 5 times respectively, then the calculation of the change in the temperature only along
the thickness of the elements during their unilateral heating (i.e. along the coordinate X,
which coincides with the elements’ thickness) can be carried out with the help of the
following 1D mathematical model (DeLliski 2003, 2011, 2013c):

T, (x,7)

o°T,, (X, 1)
e —— (1)

=2a,, (T, U, Ugp, pp) o

with an initial condition

T (%,0) = Tug ()

and following boundary conditions:

« from the side of the elements’ heating — at conditions of forced convective heat
exchange between the upper surface of the elements and the circulated hot air with
temperature Tha and speed vna (see Fig. 1):

ATy (%) _ _ o (®) [ons
s = I O-Tue) ®3)

* from the opposite non-heated side of the furniture elements — at temperature, which
is equal to the temperature of the upper (heated) side of the carrying rubber band, on which
the non-heated surface of the elements lies:

To"(1) =T§*(x), (4)

where x is the coordinate along the thickness of the elements and the carrying rubber band:
0 <x <X=hw+ hg, m;

hw — thickness of the elements, m;

hw — thickness of the rubber band, m;

aw — temperature conductivity of the elements’ wood, m?-s2;

u — moisture content of the elements’ wood, kg-kg;

ursp — fiber saturation point of the elements’ wood, kg-kg™;

pb — basic density of the elements® wood specie, equal to the dry mass divided to

green volume, kg-m~3;

T — temperature, K;

Tw — temperature of the wood, K;
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Two — initial temperature of the subjected to heating furniture elements, K;
Tw(x,0) — temperature of all points along the elements’s thickness at the beginning
(i.e. at T = 0) of the heating process, K;

7 — temperature of subjected to heating upper surface of the elements, K;

T{*— temperature of the upper (heated) surface of the rubber band, K;

Tha — temperature of the hot air near the heated surface during the heating, K;

o— convective heat transfer coefficient of the heated elements’ surface, W-m=2-K;
A" — thermal conductivity of the wood on the heated elements’ surface, W-m=-K1;
T—time, s.

Because of the tight contact between the elements and the thin carrying rubber band

on which they lie during the heating process, the temperature of the non-heated surface of
the elements is assumed to be equal to the temperature of the band’s upper surface.

Mechanism of the 1D heat distribution in the carrying rubber band during heating
Analogously to the model presented above, the calculation of the change in the temperature
along the thickness of the carrying rubber band during elements’ unilateral heating (i.e. along
the coordinate x, which coincides with the thicknesses of the elements and of the band — see
Fig. 2 below) can be carried out with the help of the following 1D mathematical model:

oTg(x,7) _ 8°Tg(x,7)

81 aB(T) axz (5)
with an initial condition
Tg (X’O) =Tgo (6)

and following boundary conditions:

» from the upper (heated by the furniture elements) surface of the band — at
temperature, which is equal to the temperature of the bottom (non-heated) surface of the
elements:

T8 (@) =Ty, (7)
« from the bottom (non-heated) surface of the band — at conditions of free convective
heat exchange between the band and the surrounding air environment:

dTg™(n) _ ap™()

nhs
dx Ngls(o, 7) [TB (v) _Tnha(r)]’ (8)

where ag is the temperature conductivity of the rubber band perpendicular to the textile fibres
by which it is reinforced, m?-s%;

Ts — temperature of the rubber band, K;

Ts(x,0) — temperature of all points along the bands’s thickness at the beginning of the
details heating process, K;

Tro — initial temperature of the rubber band, K;

75— temperature of the upper (heated) surface of the rubber band, K;
T temperature of the bottom (non-heated) surface of the furniture elements, K;
75— temperature of bottom (non-heated) surface of the band, K;

Tnha — temperature of the air near the bottom surface of the band during the heating, K;
afs— convective heat transfer coefficient of the non-heated band’s surface,

W-m?2-K?;
A thermal conductivity of the rubber on the non-heated band’s surface, W-m—-K1.
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Mathematical description of the heat transfer coefficient o

The calculation of the heat transfer coefficient «!* can be carried out with the help of the

following equations, which are valid for the cases of heating of horizontally situated
rectangular surfaces in conditions of force air convection (BAR-COHEN — ROHSENOW 1984,
TELEGIN et al. 2002, BucHLIN 2002, CERNECKY et al. 2015, DELIISKI et al. 2016a):

a\r)vs — Nulha)"ha ’ (9)

w

where |y is the linear size of the furniture elements along the direction of the hot air
circulation (i.e. length of the elements), m;

Ana — thermal conductivity of the hot air at its technological temperature, W-m-1-K-1;

Nuna — number of similarity of Nusselt, which is calculated using the thermo-physical
characteristics of the hot air according to following equations:

« at laminar regime of the forced convection of the hot air (i.e. at Re,, <4-10"):

0.25
Nuy,, = 0.66 Re25 Prr?;‘?’[%j (10)
hs

« at turbulent regime of the forced convection of the hot air (i.e. at Re,, >4-10*):
p 0.25

Nuj,, =0.037 Rep2 Pr,?;‘?’[ﬂj : (11)
Pris

where the Prandtl’ numbers of similarity Prna and Prhs, and also the Reynolds’ number of
similarity Re,, are calculated according to the equations

W,
Plha = i ) (12)
ha
W
Phys =, (13)
hs
Reha — phavhalw — phavhalw — Vhalw ] (14)
Hha PhaWha Wha

In equations (9) + (14) the following thermo-physical characteristics of the air participate:
A — thermal conductivity, W-m—1-K-;
A .
a= o temperature conductivity, m?-s*;
c — specific heat capacity, J-kg*-K1;

w =% — kinematic viscosity coefficient, m?-s?;

p — density, kg-m~3,;

p — dynamic viscosity coefficient, Pa-s;

v —speed, m-s;

aw — convective heat transfer coefficient of the subjected to heating surface of the
furniture elements, W-m=2-K-1,

The indexes “ha” and “hs” of the thermo-physical characteristics of the air and of the
numbers of the similarity in equations (9)—(14) mean that these characteristics and numbers
must be calculated depending on the temperature of the hot air and of the heated surface of
the aired furniture elements, respectively.
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Mathematical description of the heat transfer coefficient a3™

The calculation of the heat transfer coefficient oy can be carried out with the help of the
following equations, which are valid for the cases of heating or cooling of horizontally
situated rectangular surfaces in conditions of free air convection (ROHSENOW — HARTNETT
1973, MILCHEV et al. 1989, TELEGIN et al. 2002, DELIISKI et al. 2016a):

0(ghs _ 1.3Nu nha7\'nha ’ (15)
by

where bg is the width of the carrying transport rubber band on which the furniture elements lie
(see Fig. 1), m;

Anha — thermal conductivity of the air from the non-heated surface of the band,
W-m1-K?;

Nunna — Nusselt’s number of similarity, which is calculated with the help of the thermo-
physical characteristics of the air from the non-heated side of the band according to following
equations:

0.25
NU ;s = 0.5(Gr g Prnha)O-ZS(%J @ 10° < Grpyp, - Pryp, <10°, (16)

Mnhs

where the Grashoff’s number of similarity Grnha and the Prandtl’s numbers of similarity Prnha
and Prnns are calculated according to the equations

. b3
C'\"rnha = gﬁg& (TE'?hs _Tnha>1 (17)
Whha
Prnha = Wahe ) (18)
nha
Pl = g_h . (19)

nhs

In equations (15)—(19) the following, not yet explained above, variables take part: g = 9.81
m-s— acceleration of gravity; p — coefficient of the volume expansion of the air, K.

The indexes “nha” and “nhs” of the variables and of the numbers of the similarity in
equations (15)—(19) mean that these variables and numbers must be calculated depending on
the temperature of the not heating air and of the not heated surface of the details, respectively.

It must be noted that a mathematical description of the thermo-physical characteristics
of the air A, B, w, and a, which participates in egs. (9)—(19), depending on the temperature T,
could be found in DELIISKI et al. (2016a).

RESULTS AND DISCUSSION

The mathematical models, which are presented in common form by the egs. (1)+(8),
have been solved with the help of explicit schemes of the finite difference method. This has
been done in a way, analogous to the one used and described in (DEeLIISKI 2003, 2011) for
the solution of a model of the heating process of prismatic wood materials. The presenting
of the egs. (1) and (5) from the mathematical models through their discrete analogues
corresponds to the shown in Fig. 2 setting of the coordinate system and the positioning of
the nodes in the mesh, in which the 1D non-stationary distribution of the temperature along
the thicknesses of the furniture elements and the carrying rubber band during the unilateral
convective heating of the elements is calculated.
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For the solution of the models a software program has been prepared in FORTRAN
(DORN — MCCRACKEN 1972) the calculation environment of Visual Fortran Professional.

With the help of the program as an example computations have been made for the
determination of the 1D change of the temperature in flat oak (Quercus petraea Libl.)
elements with thickness hy = 16 mm, length lw = 1.2 m, initial temperature two = 20 °C,
moisture content u = 0.08 kg-kg (i.e. 8 %) during their 10 min unilateral convective heating
by hot air with temperature tha = 100 °C and speed Vha = 2 m-s %, Vha =5 m-s~, and vna = 8
m's’l.

The calculations of the temperature distribution along the elements’ thickness have
been done with average values of the wood temperature conductivity aw= 1.9337-10~'m?-st

and of the wood thermal conductivity cross-sectional to the fibers of the details Aw = AIS =

0.2738 W-m1-K! in the temperature range from 20 °C to 60 °C for oak wood with basic
density p» = 670 kg-m=3, moisture content u = 0.08 kg-kg™1, fiber saturation point ussp = 0.29
kg-kg? (i.e. 29 %), and volume shrinkage Sy = 11.9 % (NIKOLOV — VIDELOV 1987). These
average values if aw and Aw have been obtained using the mathematical description of aw and
Aw depending on t, u, ussp, and pp Of the wood species (DELIISKI 2003, 2013a, 2013c, DELIISKI
et al. 2015). The calculated values of aw and Aw for oak wood in the temperature range from
20 °C to 60 °C are shown in Table 1.

—— Vha

Hot air with temperature 7T, and velocity v,, > 0

Ly
hs
1 Tw
312
= 4
< 51s
7 8 Wood detail subjected
é 910 to unilateral
Mo convective heating
ohta
17116
1 ;
Vi <& 19 22 Carrying rubber band
21
nhs
=, I

Air with temperature 7, and velocity Vpp, = 0

Fig. 2 Positioning of the nodes of the 1D calculation mesh along the thicknesses of the furniture elements
and the carrying rubber band.

Tab. 1 Change in Aw and aw of an oak wood with u = 0.08 kg-kg?, depending on t.

Parameter Temperature t, °C Average value for
of the wood 20 30 40 50 60 t=20+60 °C
A, W-m K1 0.2648 0.2693 0.2738 0.2783 0.2828 0.2738
ay 107, m?-s7? 1.9351 1.9344 1.9337 1.9331 1.9325 1.9337

The calculation of the average values for aw and Aw has been made for the temperature
range from 20 °C to 60 °C due to the fact that during the simulation experiments with the
models, it has ocurred that the calculated temperature along the thickness of the furniture
elements changes exactly in this range (see the left parts of Figures 3, 4, and 5 below).
Despite this, aw and Aw depend linearly to the temperature, which allows for the solving the
model to use their average values.

With the help of the program simultaneously with the above described 1D calculations,
computations have been carried out for the determination of the 1D change in the
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temperature along the thickness of the carrying rubber band reinforced by textile fibers, on
which the non-heated surfaces of the subjected to unilateral heating furniture elements lie
(see Fig. 1).The band was accepted to be with thickness hg = 4 mm, width bg = 0.8 m, and
initial temperature tgo = 20 °C. The temperature of the surrounding air from the non-heated
surface of the band during the elements’ heating was accepted to be equal to tana = 20 °C (see
Fig. 2). The computations have been done with average values of the band’s temperature
conductivity perpendicular to the textile fibers ag = 1.1655-10~" m?-s~* and of the thermal
conductivity of the band Ag = A1 =0.281 W-m~-K- (www.axelproducts.com). The average

value for ag has been obtained using the following equation (JUMA et al. 2000):

ag =1.4409 -10" — 4.14765 -10*°T +1.0791-10 *?T? @ 293.15 K <T <440.15 K. (20)

The calculation of the average values for ag = 1.1655-10~" m?:s~! has been made for
the temperature range from 293.15 K to 303.15 K (i.e. from 20 °C to 30 °C) due to the fact
that during the simulation experiments with the models, it has become evident that the
calculated temperature along the thickness of the band changes exactly in this range.

All computations have been carried out with 21 nodes of the calculation mesh, i.e. with a
step along the thicknesses of the furniture elements and the band, equal to 1.0 mm (see Fig. 2).

The left parts of Figures 3, 4 and 5 present the 1D temperature change calculated by
the model (1)+(4) in 5 equidistant from one another characteristic points along the thickness
of the elements with hy =0.016 m, lw = 1.2 m, and two = 20 °C, during their 10 min unilateral
convective heating by air with tha = 100 °C, Vha = 2 m's ™, Via = 5 m-s %, and vVha = 8 m-s ™,
respectively when thna = 20 °C. The coordinates of those points are shown in the legends of
the figures.

The right parts of the Figures 3, 4 and 5 present the 1D temperature change calculated
by the model (5)=(8) in 5 equidistant from one another characteristic points along the
thickness of the carrying rubber band with hg =4 mm, bg = 0.8 m, and tgo = 20 °C during 10
min its heating simultaneously with the unilateral convective heating of the furniture
elements by air with tha = 100 °C, Vha =2 m-s%, Vha=5 m-s2, and vha = 8 m-s1, respectively
when toha = 20 °C. The coordinates of those points are also shown in the legends of the
figures.

The left and the right parts of Figure 6 show the calculated change in the convective
heat transfer coefficients of the heated elements’ surface and of the non-heated surface of
the carrying rubber band, respectively, depending on the hot air speed Vha.

The analysis of the obtained results leads to the following conclusions:

1. During the unilateral convective heating of the furniture elements, the change of the
temperature in the points along their thickness and also in the points along the carrying
band’s thickness goes on according to complex curves. By increasing the heating time, those
curves gradually become almost straight lines, whose slope increases with the increasing of
the hot air’s speed.

2. During the elements’ heating, the curve of the temperature on the heated elements’
surface is convex outwardly, but the curve of the temperature on the non-heated surface is
concave inwardly. All curves of the temperature along the band’s thickness are concave
inwardly. After 10 min convective heating of the elements the temperature on their surfaces
and on the surfaces of the carrying band obtains the following values:

satVha=2m-s 2t =43.9°C, t"" == 25.5°C, and " = 24.6 °C;

satVha=5m-st th =58.7°C, t"" == 29.5°C, and tJ" = 28.0 °C;

satVha=8 m-st tI° =67.0°C, ti"==32.1°C, and ti™ = 30.1 °C.
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Fig. 4 Change in t along the thicknesses of the oak element (left) and the carrying rubber band (right)
during the unilateral heating by hot air with tha = 100 °C and vha =5 m-s™.
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Fig. 5 Change in t along the thicknesses of the oak element (left) and the carrying rubber band (right)
during the unilateral heating by hot air with tha = 100 °C and vha = 8 m-s™.
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3. The change of the convective heat transfer coefficient of the heated elements’
surface, o®, is insignificant during the heating time (see Fig. 6 — left). This coefficient

increases almost linearly when the speed of the hot air, vha, increases. At the beginning of the
heating process and after 10 min of the convective heating of the details by hot air with tha =

100 °C and lw = 1.2 m the coefficient ! obtains the following values, respectively:

s at Vha=2m-s 1 8.69 W-m2K-*tand 8.70 W-m=2-K;

e at Vha=5m-s 1 18.08 W-m2%-Ktand 18.13 W-m—2-K%;

s at Vha = 8 m-s~1: 26.34 W-m~2-K-tand 26.42 W-m=2-K1,

4. The convective heat transfer coefficient of the non-heated surface of the carrying
rubber band, o', increses curvilinearly depending on the heating time and increases non-
linearly depending on vha. This coefficient according to eq. (17) depends on the temperature
difference 75" —T,,,,. At the beginning of the heating process there is no difference between

Ta"sand Thha. That is why then the coefficient oy is equal to null. After 10 min of convective
heating of the details this coefficient reaches the following values:

catat Vhe=2 m-s: 2.63W-m2K1;

eatat Vha=S5Sm-s?t: 3.02W-m2 K1

atatVha=8 m-st 3.20 W-m2-K7,

Upon analyzing the obtained results, it is of practical interest the determination of the
time, needed by the surface layers of the furniture elements during their convective heating
by air with different speed to reach specific temperature, which is necessary for improving
the thermal conditions for further lacquering. In this case, at that stage of the problem
solving, it is acceptable to use the time for reaching a predetermined temperature at a point
that is 4 mm distant from the heated surface of the elements without, however, exceeding
their given allowable surface temperature.

It is acknowledged that the limit of t"° <55 °C is to be the maximum allowable

temperature of the heated surface of the furniture elements for the cases of subsequent
application of nitrocellulose lacquer over this surface (KAVALOV — ANGELSKI 2014).

The analysis of the results shows that reaching temperatures equal to 25 °C, 30 °C and
35 °C at a point, distant 4 mm from the heated surface of the elements, within the
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technological constraint of t"® <55 °C, comes after duration of convective heating, as
follows:
« at Vha=2 m's~L: respectively after 1.73 min (then t'° =32.0 °C), after 4.13 min (then

th =37.0 °C), and after 7.82 min (then t{° =41.8 °C);

« at Vha = 5 m's~%: respectively after 0.93 min (then t)° =37.4 °C), after 1.88 min (then
ths = 42.5 °C ) and after 3.22 min (then t° =47.2 °C);

« ar Vha = 8 m's~L: respectively after 0.71 min (then t'* = 41.2 °C), after 1.35 min (then

tie =46.5 °C) and after 2.18 min (then t{y =51.0 °C).

Those results show that the increase of vha causes more intensive change in temperature
along the elements’ thickness. The reason for this fact is that by increasing vha the heat

transfer coefficient o!® is also increased (see Fig. 6 — left).

The influence of vha On the heat transfer coefficient o, and hence on the change of

the temperature along the furniture elements’ thickness is very significant. For example, after
2 min and 4 min of heating of the elements, their surface temperature and the temperature in
a point that is 4 mm distant from the surface, reach the following values:

* at Vha =2 m-s~: 32.7 °C and 36.8 °C on the surface and 25.7 °C and 29.8 °C at 4 mm;

* at Vha= 5 m-s~: 43.0 °C and 49.3 °C on the surface and 30.5 °C and 37.4 °C at 4 mm;

« at Vha= 8 m-s~: 50.1 °C and 57.1 °C on the surface and 34.9 °C and 42.3 °C at 4 mm.

The time needed for reaching of the minimum required temperature, at which the
elements’ surface layers are sufficiently heated for their intensified subsequent lacquering,
depends on their thickness, length, on the temperature and speed of the circulated hot air
over them, on the temperature of the surrounding air from the non-heated side of the carrying
rubbar band, as well as on the wood specie and the moisture content of the wood. The
presented and solved mathematical model allows us to calculate the necessary duration of
the unilateral convective heating of furniture elements according to the above mentioned
factors.

CONCLUSIONS

This paper presents two mutually connected 1D mathematical models. The first of
them provides the computation of the non-stationary temperature distribution along the
thickness of subjected to unilateral convective heating flat furniture elements before their
subsequent lacquering. The second one allows the computation of the non-stationary
distribution of the temperature along the thickness of the carrying rubber band on which lies
the non-heated surface of the elements.

The both models are based on the equation of the thermo-conductivity. The convective
boundary condition of the first model is calculated using the numbers of similarity of
Nusselt, Reynolds and Prandtl for the determination of the heat transfer coefficient of the
elements’ heated surface at forced air convection. The convective boundary condition of the
second model is calculated with the help of the numbers of similarity of Nusselt, Grashoff,
and Prandtl for the determination of the heat transfer coefficient of the band’s non-heated
surface at free air convection. Because of the tight contact between the furniture elements
and the carrying rubber band on which they lie during the heating process, the temperature
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of the non-heated surface of the elements is assumed to be equal to the temperature of the
band’s upper surface.

A software program has been prepared for the numerical solution simultaneously of
the both models with the help of explicit scheme of the finite difference method, which has
been input in the calculation environment of Visual Fortran Professional. With the help of
the program, computations have been carried out for the determination of the 1D change of
the temperature in flat oak elements with thickness of 16 mm, length of 1.2 m, initial
temperature of 20 °C, and moisture content of 0.08 kg-kg™ during their 10 min unilateral
heating by hot air with temperature of 100 °C and speed of 2 m-s?, 5 m-s%, and 8 m-s2.
Simultaneously with these, computations have been carried out for the determination of the
1D change in the temperature along the thickness of the rubber band reinforced by textile
fibers, on which the non-heated surface of the elements lies. In the simulation experiments
the band was with thickness of 4 mm, width of 0.8 m, initial temperature of 20 °C, and the
temperature of the surrounding air from its non-heated surface was equal to 20 °C. The
obtained results show that during the unilateral convective heating of the furniture elements,
the change of the temperature in the points along their thickness and also in the points along
the carrying rubber band’s thickness goes on according to complex curves.

The computer solutions of both mathematical models could be used for visualization
and technological analysis of the temperature change along the thickness of furniture
elements made of different wood species, different thickness, length and moisture content,
during their unilateral convective heating with different temperature and speed of the
circulated air prior to their lacquering.

The approach used in this work could be applied for mathematical modelling of the
temperature distribution in two or more layer’s structures from different materials subjected
to convective or/and conducting heating.

REFERENCES

BAR-COHEN, A. — ROHSENOW, W. M. 1984. Thermally Optimum Spacing of Vertical, Natural
Convection Cooled, Parallel Plates. Journal of Heat Transfer 106(1): 116-123.

BUCHLIN, J. M. 2002. Convective heat transfer in a channel with perforated ribs. International Journal
Thermal Science 41(4): 332-340.

CHUDINOV, B. S. 1968. Theory of the thermal treatment of wood. Moscow: Nauka, 255 pp.
CERNECKY, J. —JANDACKA, J. — MALCHO, M. — KONIAR, J. — BRODNIANSKA, Z. 2015. Effect of the
positions of directional tubing towards shaped heating surfaces on the value of local heat transfer
coefficients. JP Journal of Heat and Mass Transfer 12(1): 15-30.

DELIIsKI, N. 2003. Modeling and technologies for steaming wood materials in autoclaves. DSc.
thesis, University of Forestry, Sofia, 358 pp.

DeLnskKI, N. 2011. Transient heat conduction in capillary porous bodies. In Ahsan A (ed) Convection
and conduction heat transfer. Rieka: InTech Publishing House, 149-176.

DeLnskl, N. 2013a. Computation of the wood thermal conductivity during defrosting of the wood.
Wood research, 58 (4): 637-650.

DELIISKI, N. 2013b. 3D modeling and visualization of non-stationary temperature distribution during
heating of frozen wood. Drvna Industrija, 64 (4): 293—-303.

DELIISKI, N. 2013c. Modelling of the Energy Needed for Heating of Capillary Porous Bodies in
Frozen and Non-frozen States. Lambert Academic Publishing, Scholars’ Press, Saarbruecken,
Germany, 116 pp. ISBN 978-3-639-70036-7, http://www.scholars-press.com//system/
covergenerator/build/1060.

DELNsSKI, N. — DZURENDA, L. — MILTCHEV, R. 2010. Computation and 3D visualization of the
transient temperature distribution in logs during steaming. Acta Facultatis Xylologiae Zvolen, 52(2):
23-31.

62


http://www.scopus.com/authid/detail.uri?authorId=7006690561&amp;eid=2-s2.0-0021370981
http://www.scopus.com/authid/detail.uri?authorId=7004461943&amp;eid=2-s2.0-0021370981
http://www.scopus.com/authid/detail.uri?authorId=55656186800&amp;eid=2-s2.0-84937904840
http://www.scopus.com/authid/detail.uri?authorId=55656186800&amp;eid=2-s2.0-84937904840
http://www.scopus.com/authid/detail.uri?authorId=6507788799&amp;eid=2-s2.0-84937904840
http://www.scopus.com/authid/detail.uri?authorId=55656835300&amp;eid=2-s2.0-84937904840
http://www.scopus.com/authid/detail.uri?authorId=55656178300&amp;eid=2-s2.0-84937904840
http://www.scopus.com/source/sourceInfo.uri?sourceId=19700188163&origin=resultslist

DeLNSKI, N. — DZURENDA, L. — TUMBARKOVA, N. — ANGELSKI, D. 2015. Computation of the
temperature conductivity of frozen wood during its defrosting. Drvna Industrija, 66 (2): 87-96.
DELIISKI, N. — STANEV, R. — ANGELSKI, D. — TRICHKOV, N. — GOCHEV, Z. 2016a. Heat transfer
coefficients during unilateral convective heating of wood details before their lacquering. Engineering
sciences, Bulgarian Academy of Sciences, 53 (3): 26-42.

DELIISKI, N. — TUMBARKOVA, N. — DZURENDA, L. — BREZIN, V. 2016b. Numerical approach for
computation of the heat and heat flux for covering of the emission in the surrounding air of subjected
to unilateral heating flat wood details before their bending. Key Engineering Materials. 688:
153-159.

DORN, W. S., — MCCRACKEN, D. D. 1972. Numerical methods with FORTRAN IV: Case studies.
New York : John Willej & Sons, Inc., 451 pp.

JAIC, M. — ZIVANOVIC, R. 2000. Surface processing of wood — theoretical base and technological
processes. Beograd.

JUMA, M. — BAFRNEC, M. — BREZzANI, J. 2001. Thermal diffusivity of thick fibre-elastomer
composites. http://www.tpl.ukf.sk/engl_vers/thermophys/proceedings/juma.pdf: 95-101.

HADJISKI, M. 2003. Mathematical models in advanced technological control systems. Automatic &
Informatics 37(3): 7-12.

HADJISKI, M. —DELIISKI, N. 2015. Cost oriented suboptimal control of the thermal treatment of wood
materials. IFAC-PapersOnLine 48—24 (2015): 54-59, www.sciencedirect.com.

HADJISKI, M. — DELIISKI, N. 2016. Advanced Control of the Wood Thermal Treatment Processing.
Cybernetics and Information Technologies, Bulgarian Academy of Sciences, 16 (2): 179-197.

KAvALov, A. — ANGELSKI, D. 2014. Technology of furniture. Sofia: University of Forestry, 390 pp.
MILCHEV, V. — UzuNov, D. — YORDANOV, V. — PALov, D. 1989. Heating technology, Sofia:
Teknika, 258 pp.

NIKoLov, S. — VIDELOV, H. 1987. Manual for wood drying. Sofia: Zemizdat, 394 pp.
RADMANOVIC, K. —DUKIC, |. —PERVAN, S. 2014. Specific heat capacity of wood. Drvna Industrija,
65(2): 151-155.

PozGAJ, A.— CHOVANEC, D. — KURJATKO, S. — BABIAK, M. 1997. Structure and properties of wood.
2" edition, Bratislava: Priroda a.s., 486 pp.

RoHseNow, W. M., HARTNETT, J. P. (ed.). 1973. Handbook of heat transfer. New York etc.:
McGraw-Hill Book Company.

RUDIGER, A. 1995. Grundlagen des M&bel- und Innenausbaus, DRW-Verlag, 306 pp.

SHUBIN, G. S. 1990. Drying and thermal treatment of wood. Moscow: Lesnaya promyshlennost, 337
pp.

SKAKIC, D. 1992. Final processing of wood. Beograd.

TELEGIN, A. S. — SHVIDKIY, B. S. — YAROSHENKO, U. G. 2002. Heat- and mass transfer. Moscow:
Akademkniga, 454 pp.

VIDELOV, H. 2003. Drying and thermal treatment of wood. Sofia: University of Forestry, 335 pp.
ZHUKOV, E. V.- ONEGIN, V. . 1993. Technology of protective and decorative coatings of wood and
wood materials. Moscow: Ecologia, 304 pp.

http://www.axelproducts.com

Authors’ addresses

Prof. Dr. Nencho Deliiski, DSc.
University of Forestry

Faculty of Forest Industry
Kliment Ohridski Bd. 10,

1797 Sofia

Bulgaria

deliiski@netbg.com

63


http://www.sciencedirect.com/
http://www.axelproducts.com/

Prof. Ing. Ladislav Dzurenda, PhD.
Technical University in Zvolen

Faculty of Wood Science and Technology
T. G. Masaryka 24

960 53 Zvolen

Slovakia

dzurenda@tuzvo.sk

Assoc. Prof. Neno Trichkov, PhD.
Assoc. Prof. Zhivko Gochev, PhD.
Assoc. Prof. Dimitar Angelski, PhD.
University of Forestry

Faculty of Forest Industry
Kliment Ohridski Bd. 10

1797 Sofia

Bulgaria

nenotr@abv.bg
zhivkog@yahoo.com
d.angelski@gmail.com

64



