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Abstract

Aim of study: This study was prepared to determine the optimum drying process as a result of application of
different parameters of vacuum drying method which is one of the technical drying methods, and to evaluate
drying quality of these methods.

Area of study: This study carried out at the Karabuk University in Karabuk, Turkey and the materials was
obtained from the Karabiik Yenice Forest Management Directorate.

Material and Methods: Sessile Oak (Quercus Petraea) lumbers in 80x20x2.5 cm were dried at 2 m sec™ air
velocity using two different vacuum periods of 15 and 30 minutes, 2 different heating methods namely plated
and IR (infrared) in the kiln were used. Ambient pressure was set at 300 mbar in vacuum periods and 800 mbar
in heating periods.

Main results: It was observed that the longest drying time was 242 hours (0.15%/hour) with drying in IR
heating in 30 minutes periods and the shortest drying time was 126 hours (0.22%/hour) in IR heating with 15
minutes periods. It has been found that the drying time decreases with the decrease of the waiting time in the
vacuum. It has been determined that while the drying methods with 15 minutes plated heating, 15 minutes IR
heating and 30 minutes IR heating meet the standard (S) drying quality class requirements, drying made with 30
minutes plated heating has reached to the high quality (Q) drying class.

Research highlights: IR heating in vacuum drying of Sessile Oak can be used successfully. Shorter vacuum-
heating periods leads higher drying rates in vacuum drying. Vacuum drying of lumbers wit IR heating meet the
standard (S) drying quality class requirements.
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Sapsiz Mese (Quercus Petraea) Odununun Alternatif Isitma Yontemleri

ile Vakumlu Kurutulmasi

Ozet

Calismanin Amaci: Bu calisma, teknik kurutma yontemlerinden biri olan vakumlu kurutma yénteminin degisik
parametrelerinin uygulanmasi sonucu en uygun kurutma siirecini belirleyebilmek ve bu yontemlrin kurutma kalitesini
degerlendirmek amaciyla hazirlanmistir.

Cahgma alani: Bu ¢alisma Karbiik Tirkiye’deki Karabik Universitesinde yiiriitiilmiistiir. Caligmaa kullanilan
material Karabiik Yenice Orman Isletme Miidiirliigiinden temin edilmistir.

Materyal ve Yontem: 80x20x2.5 cm boyutlarindaki Sapsiz Mese keresteler levhali ve IR (infrared) olmak iizere 2
farkli 1sitma ydntemi, 15 ve 30 dk olmak iizere iki farkli vakum periyodu kullanilarak 2 m sn? hava hiz1 ile
kurutulmustur. Vakum periyotlarinda ortam basinci 300 mbar, 1sitma periyotlarinda ise 800 mbar olarak ayarlanmustir.

Sonuglar: Deney sonuglarina bakildiginda en uzun kurutma siiresinin 242 saat (0.15%/saat) ile 30 dk periyotlarda
IR 1sitma ile kurutma yonteminde, en kisa kurutma siiresinin ise 126 saat (0.22%/saat) ile 15 dk periyotlarda IR 1sitma
ile kurutma yonteminde elde edildigi gozlenmistir. Vakumda bekleme siiresinin azalmasi ile kurutma siiresinin de
azaldigi saptanmustir. 15 dk levhali 1sitma, 15 dk IR ile 1sitma ve 30 dk IR ile 1sitma ile kurutma yontemleri standart
(S) kurutma kalitesi sinif1 gereklerini karsilarken, 30 dk levhali 1sitma ile yapilan kurutma denemesinin ise kaliteli (Q)
kurutma sinifina girdigi belirlenmistir.

Aragtirma vurgulari: Sapsiz Mesenin vakumlu kurutulmasinda IR ile 1sitma basarilt bir sekilde kullanilabilir.
Daha kisa siireli vakum-isitma periyotlari, daha yiiksek kurutma orannlar elde edilmesini saglamigtir. Kerestelerin IR
1sitma ile vakumlu kurutulmasi yontemi standart (S) kurutma kalitesi sinifi gereklerini kargilamistir.

Anahtar kelimeler: Sapsiz Mese, Vakumlu kurutma, Infrared, Rutubet degisimi, Kurutma kalitesi
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Introduction
Despite the technological innovations of
our time and the competition of the new

materials being used, due to the
advantageous properties (being highly
resistant despite its lightness, ease of

processing, lacquer and paint applicability,
ability to absorb sound, creating a warm
environment in the places it is used etc.) and
its natural look, the wood material still
maintains its importance as a raw material
and an end product today and continues to be
used. The success of the production depends
on the proper drying wood material
according to the standards up to the desired
moisture level under the conditions of use.
The subject of this study is to determine the
optimum drying process as a result of
applying the different parameters of vacuum
drying by considering the drying defects
(cracking, deformation etc.) which may arise
with the drying of oak lumber. There are
studies in the literature about oak lumber
drying and vacuum drying of different
lumbers.

Kantay (1978) has dried 72 m® Coruh oak
of 25 mm thickness in 2 different kilns with
2 and 20 m® capacity by classical drying
method. In the experiments, green lumber
and up to 45% pre-dried lumber were used.
Drying times of green lumber were found to
be 306-418 hours, drying times of pre-dried
lumber were found to be 209-288 hours.
Unsal (2002) has dried the oak lumber of 50
mm thickness and 15-25 cm width with 60%
initial moisture by conventional drying
method at air velocity of 3 m s in two
different drying kilns with 70 and 100 m?
capacity up to 10% final moisture of content
(MCQ). It has been found that drying in high-
capacity kiln gives better results, with shorter
drying times, that lumber has entered the
high-quality drying category in terms of
average MC and individual values.

Simpson (1987) noted that 2.5-inch thick
oak lumber can be dried with satisfactory
quality within 300 hours with continuous
vacuum between hot plates. Neumann et al.
(1993) found that beech, spruce, and Scots
pine lumber can be dried three times faster
by liquid-vapor vacuum drying than liquid
atmospheric vacuum drying, while drying
times of oak lumber are not different from
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conventional drying. On the contrary, Fohr et
al. (1995), obtained 20-50% faster drying of
a 40 mm thick oak by vacuum drying than in
conventional drying. Jomaa and Baixeras
(1997) have also dried oak lumber of 27 mm
thickness in a periodic vacuum in 10 days
when compared to the oak which can be
dried in 30 days by conventional drying.
Altmok et al. (2009) also reported that the
final MC can be reached in a period that is
one-third less by vacuum drying than that of
conventional drying of pine and beech
lumbers of 50 mm and 35 mm thickness.
Chen and Lamb (2004) have succeeded in
drying the green red oak lumber by vacuum
drying at a drying rate of 0.32-2.2% hourly,
without any color change.

In studies related to vacuum drying
parameters, Dikmen et al. (2012) have dried
their pine lumber with an average initial
moisture of 45% in the vacuum drying kiln
they have designed to 8% of the final MC,
and determined that the most optimized
drying conditions are at 50 °C drying
temperature, 0.80 bar working pressure and
0.25 bar vacuum application for 10 minutes.
GOk (2011) stated, in his study he made by
using poplar, pine and oak lumber, that oak is
the most suitable wood to be dried by
vacuum drying and the most ideal operating
conditions are 50 °C temperature and 0.9 bar
pre-vacuum pressure.

In addition to the use of vacuum in
lumber drying, alternative heating systems
have also been studied. Jung et al. (2000)
used mechanical compression and vacuum
drying methods together to increase heat
transfer during drying, and they dried white
pine in 4 days, red pine and Western
hemlock in 5 days and larch in 6 days from
green state to 15% final MC. Lee and
Hayashi (2000) dried, 3-inch thick Japanese
cedar with end grain sides covered, by radio
frequency vacuum drying method by vapor
pre-treating it and found shorter drying times
and less shrinkage values than conventional
methods. Ananias et al. (2005) have modeled
a liquid-vapor vacuum drying system to dry
the radiata pine and confirmed the validity of
the model by testing at 0.2 bar and 70 °C. He
et al. (2012, 2013) indicated that ultrasound
assisted vacuum drying decreased the drying
time of Chinese catalpa wood. Lopatin et al.
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(2014) found that when combined with
contact vacuum drying, low radio frequency
heating is an important method for expelling
moisture in lumber and significantly reduces
drying time in wood species with a moisture
content of more than 25-30%. They think
that this method will reduce the risk of
bending and cracking due to the balancing of
moisture distribution inequality. Unsal et al.
(2012) determined that, when combined with
vacuum, a high frequency drying system is a
suitable method for drying lumber that is
thicker than 10 cm from wood species that
are susceptible to drying. With this method,
they observed that the drying period could be
reduced to 7-10 days depending on the type
of wood and its thickness. According to the
results they obtained, the drying cost of 1m?
lumber decreased by half compared to the
classical methods. Perre et al. (2004) stated
that it is possible to vacuum-dry small test
pieces with infra-red (IR) heating; Cserta
(2012), has investigated the drying process
and moisture dynamics of Norwegian Spruce

lumber in 50-200 mm thickness under
macroscopic level and controlled
technological conditions, stated that IR

radiation can heat the wood not only from the
surface but from the inside as well.

Although there are many studies in the
literature concerning vacuum drying with
contact plate heating, there is little work on
drying the lumber with alternative heating
methods, especially infrared heating. This
study has been prepared for the purpose of
determining optimum drying process by
examining the effects of vacuum drying
using contactless plate heating and infrared
radiation heating on drying qualities such as
drying rate, moisture distribution, crack
formation and casehardening taking into
account the defects that may arise during the
drying of oak lumber.

Material and Method

In this study, Sessile Oak (Quercus
Petraea) obtained from Karabik Yenice
Forest Management Directorate was used.
120 cm long, 30 cm wide and 3 cm thick
lumber were obtained by plainsawn method
from 45 cm newly cut logs. The lumbers
were cut to 80x20x2.5 cm in accordance with
the test kiln used by cutting and removing the
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cracks and excess in the endgrain and side
parts. The initial moisture of lumber before
drying  experiments was  determined
according to TS EN 13183-1 standard.

The structure of the drying kiln

In the case of vacuum drying with plate
heat, the heating is provided with 2 heating
plates with 3000 W power placed on the
outer wall of the drying boiler in the shape of
a cylinder. Foil glass wool with a thickness
of 8 cm was used to insulate the kiln from the
outside (Fig 1a). In the tests of drying with
infrared heating, heating was provided with 2
IR resistances in 300 W power parallel to
each other thanks to a special mechanism
built into the kiln. In this setup, a 1 mm thick
polished stainless steel plate was installed by
being bent inside the kiln so that the IR
radiation could be reflected homogeneously
throughout the kiln (Fig 1b). The air
movement in the kiln is provided by a snail-
type fan controlled by a dimmer switch. The
temperature inside the kiln and the internal
temperature of the lumber were monitored
using a mineral insulated thermocouple and
controlled with a digital thermostat. A
vacuum pump with a liquid ring with 1.5 kW
power generating capacity, 33 mbar and 5 m?
h! suction capacity was used to create a low-
pressure environment in the kiln.

Figure 1. a) Overall view of the kiln
during plate heating b) Position of the lumber
in the kiln during the IR heating.

Drying process

In the drying tests, 3 pieces of lumber in
measures of 80x20x2.5 cm were used in each
group. The lumber with the end grain sides
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insulated, were weighed immediately before
the drying process and weight of each was
determined and photos were also taken for
comparison after the test. In order to measure
the internal temperature of the lumber during
the drying period, a hole was drilled in the
middle of the lumber and the mineral
insulated thermocouple was inserted up to 1
cm depth. The lumber was inserted into the
kiln in such a way that there would be gaps
between them (Fig. 1b).

During the drying tests, periodic vacuum
application was made in two different
periods as 15 minutes and 30 minutes.
Vacuum pumps were continuously operated
in vacuum periods so that the internal
pressure of the kiln would be 300 mbar. At
the beginning of the heating period, fresh air
was taken into the furnace, then the ambient
pressure was set to 800 mbar. According to
Kantay (1993), air movement velocity in
technical drying varies between 1.3-2 m s’
for softwoods and 2-4 m s* for hardwoods
woods depending on the type of lumber, the
thickness of the lumber and the lumber
moisture. Based on this information, the air
flow in the furnace was set at 2 m sec™.

Kantay (1978) reported that high quality
drying values were obtained in drying of oak
species by applying kiln  ambient
temperatures of max 45 °C above fiber
saturation point (FSP) and max 65 °C below
FSP. During the experiment, the internal
temperature of the lumber was taken into
consideration and the temperature of the oak
wood was kept at 50-55 °C until FSP and
free water was discharged by following a
balanced drying. When below FSP, the inner
temperature of the lumber was raised to 70-
75 °C and the highest temperature that can be
applied is applied to evacuate the bound
water in the cell wall.

During the tests, ambient temperature,
lumber temperature and ambient pressure
values were recorded every 15 minutes. The
lumbers were weighed by being taken out of
the kilns every 24 hours starting from the
beginning of the drying process, daily
moisture losses were recorded, notes were
taken whether there were cracks, deformation
etc. problems by taking photographs. At the
end of the drying period, the heaters, fan and
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vacuum system were turned off, the valves
were opened and the equalizing period was
applied for 6 hours.

The mean final moisture, moisture
distribution, crack formation and
casehardening values of the lumber after
drying according to the EDG (1992) standard
have been determined to find the drying
quality of the method applied at the end of
each drying test. The drying quality classes
were determined according to the obtained
data. At the end of the drying process, the
lumber taken out of the kiln was immediately
weighted and then 4 pieces of each with a
measure of 5x5x2.5 cm were cut (Figure 2a)
from the middle parts of the lumber, the
resulting moisture values of each lumber
were determined in accordance with TS EN
13183-1 standard. The state of the drying
stresses in the lumber was determined by the
help of a trada pattern by taking 1 stress
sample from the side of the middle and from
the middle of the lumber (Figure 2b).

Results

Moisture change and daily average
moisture loss values obtained in the drying
tests performed in 15 and 30 minutes of
vacuum periods are given in Figure 3 Figure
4. In both methods, the average daily
moisture changes of the lumber from the
initial moisture to the final MC have
followed a regular course. Under FSP, drying
occurred in a decreased ratio, mean daily
moisture loss decreased with a balanced
drying as it gets closer to the final moisture.
During the drying period, the inner
temperature of the lumber in vacuum periods
and the ambient temperature values of the
kiln were monitored and it was found that the
ambient temperature decreased by 6-8 °C
during the vacuum periods and the lumber
temperature followed a linear course. With
these results, it was observed that the lumber
protected its heat and that it did not lose its
internal temperature during the periods but
ambient temperature in the kiln was
fluctuated due to venting of the air in the kiln
during vacuum periods.
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Figure 2. a) Samples taken from lumber before and after drying. b) Stress determination sample
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Figure 3. MC change in vacuum drying with heating plate

In tests made with plate heating in 15
minutes of vacuum periods (15-HP), the
lumber with initial moisture content of
40.3% have reached a moisture of 11.7% at
the end of the day 6. The lumber that reached
FSP at the end of day 2, has followed a
decreasing drying course until final MC, as
expected. The mean moisture loss on day 6 is
2.25%. Moisture loss values of each of the
lumber in the kiln were also examined and it
was determined that the moisture difference
between lumber is + 1%. It can be concluded
that a homogeneous drying in the kiln was
achieved according to the moisture change
and daily moisture loss values of the dried
lumber. It was found that the moisture in the
outer edges of the lumber before drying was
lower than the inner edges and when we have
a look at the horizontal lumber moisture
distribution there was an average of 1.8%
difference between the edges and the middle
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section. The deviation between the target
final MC (10%) and average final MC
(11.7%) of the lumbers was determined as
1.7% and the maximum deviation between
the target final MC and individual moisture
measurements was + 4%.

According to the results obtained from the
stress determining samples taken after
drying, it was determined that there is a
slight casehardening in the lumber. One of
the lumber was found to have a 120 mm long
end crack, a 70 mm long and 3 mm deep
surface crack, and another lumber found to
have a small internal crack. Although
deformation in accordance with the
shrinkage anisotropy occurs in lumber after
drying, no collapse has been detected. In the
evaluation of the drying quality made in
accordance with the EDG (1992) in the light
of this data, it has been determined that the
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15-HP drying method meets the standard (S)
drying quality class requirements.

In the drying tests made with 30 minutes
vacuum periods with plate heating (30-HP),
9.7% final MC has been reached from 47.3%
initial moisture in 7 days. The daily moisture
losses of the lumber were calculated to be
3.3% on the 7th day showing a decreasing
change. The moisture difference between the
lumber in the kiln is £ 1-2%. It can be told
that a homogeneous drying in the kiln was
achieved according to the moisture change
and daily moisture loss values of the dried
lumber. When the horizontal moisture
distribution  values after drying are
considered (< + 1%), it is determined that
there is a balanced and desired distribution.
The deviation between the target final MC
(10%) and average final MC (9.7%) of the
lumbers was determined as 0.3% and the
maximum deviation between the target final
MC and individual moisture measurements
was +2%, -4% in the evaluation of the drying
quality.

Deformations in accordance with the
shrinkage anisotropy and mild casehardening
have been determined in the lumber after
drying. While no internal cracks or collapse
have been observed in the lumber, one was

determined to have 2 surface cracks of 120
mm length and 3 mm depth. It has been
concluded with this data that the 30-HP
drying method meets the quality (Q) drying
quality class requirements.

The results of drying experiments with
infrared heating are given in Figure 4. In
both methods, the drying curves followed a
parallel course and under FSP, drying
occurred in a decreased ratio, mean daily
moisture loss decreased with a balanced
drying as it gets closer to the final MC.
However, since the initial moisture was
lower in the 15-IR heating experiments (15-
IR), the final MC was reached in a shorter
time. It has been determined that in the case
of IR-heated drying, the moisture difference
between the lumber in the kiln is 2-3%, and a
relatively homogeneous drying is achieved.
In IR heating drying tests, it was observed
that both the inner temperature of the lumber
and the ambient temperature of the kiln
during the heating and vacuum periods
followed a linear course and both showed a
1-2 °C difference in the period passes. Since
heat transfer with IR heating is provided by
radiation, not by air, the ambient temperature
in the vacuum period is not significantly
affected.

MC change in drying with IR
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Figure 4. MC change in vacuum drying with IR heating

In 15-IR tests, it took 5 days to reach
9.3% final moisture from the initial moisture
of 37%. Daily moisture loss showed a
decreasing change, reached 2.6% on the 5th
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day. The deviation between the target final
MC (10%) and average final MC (9.3%) was
determined as 0.7% and the maximum
deviation between the target final MC and
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individual moisture measurements was
+5%/-4%. When the horizontal moisture
distribution values after drying were

examined, 4.8% mean difference between the
edges and the middle part was determined.

After drying with 15-IR method, it has
been determined that there is a slight
casehardening in lumber, one 70 mm long
and 2 mm deep surface crack in one lumber,
and one internal crack in one lumber. It has
been concluded with the obtained data that
the 15-IR drying method meets the standard
(S) drying quality class requirements.

In 30-IR drying experiments the average
initial moisture of lumber is 46.7%. At the
end of day 10, the average moisture value
reached 10.3%. When we have a look at the
daily moisture losses of the lumber, an
ordinary drying was determined and the final
MC was reached by losing a little less
moisture each day. The mean moisture loss
on day 10 is 1.2%. The deviation between the
target final MC (10%) and average final MC
(10.3%) of the lumbers was determined as
0.3% and the maximum deviation between
the target final MC and individual moisture
measurements was +6%, -4% in the
evaluation of the drying quality. It is seen
that the moisture on the outer edges of the
lumber before drying is lower than the inner
parts. When the horizontal moisture
distribution values after drying were
examined, 3% mean difference between the
edges and the middle part was determined.

It has been concluded that there was mild
casehardening on lumber after drying.
Surface cracks of 70 and 120 mm in length
and 2 mm in depth were detected in one of
the lumbers after drying. No collapse in the
lumbers or internal cracks in the sample from
which final MC detection samples were
taken, were observed but deformation in
accordance with the shrinkage anisotropy
after drying was observed. It has been
concluded with this data that the 30-IR
drying method meets the standard (S) drying
quality class requirements.

Discussion and Conclusion

Although many drying methods have
been developed so that it can be dried up to
the equilibrium moisture suitable for the
climatic conditions of the place where it shall
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be used, each method has its own advantages
and disadvantages. The most appropriate
drying program should be selected and
applied considering the type, density,
thickness, shrinkage tendency of the wood
material as well as cost, time and the
conditions required for homogeneous drying.

In this study, it has been aimed to dry
Sessile Oak lumber which is hard to dry and
which has a high risk of cracking with two
different heating methods (IR Resistance and
plated heating, under periodic vacuum (15
min and 30 min)).

In four different methods, it was
determined that the lumber forms a drying
curve that is parallel from the initial moisture
to the final MC. The drying curves obtained
during the experiments are given in Figure 5.
In 15-HP drying 11.7% final MC was
reached from 40.3% initial moisture in 6
days (147 hours), in 30-HP drying 9.7% final
MC was reached from 47.3% initial moisture
in 7 days (172 hours), in 15-IR drying 9.3%
final MC was reached from 37% initial
moisture in 5 days (126 hours) and in 30-IR
drying 10.3% final MC was reached from
46,7% initial moisture in 10 days (242
hours). Taking into account the total drying
times, the drying time was shorter with 15
minutes vacuum periods. According to
Dikmen et al. (2012), longer waiting period
in the vacuum, directly makes the drying
time longer. While the air movement
accelerates the water movement from the
inner layers to the surfaces by heating the
water in wood material with the heat within
the kiln, it removes the moisture from the
surfaces of the dried wood material and
allows the air with the ability to moisture
intake reach the surfaces (Kantay, 1993).
Since the air amount enabling the removal of
water molecules reaching the surface of the
lumber is small, water molecules remain on
the surface of the Ilumber by being
condensed. With the application of shorter
vacuum periods, more fresh air can be taken
into the furnace, so that evaporation can
continue and more water can be thrown out
with the air.

From initial moisture to FSP point, the
moisture loss depends on the initial moisture
but under FSP the drying is slowed down and
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average daily draying rate of 2-3% was
achieved.

When the hourly drying rates were
evaluated according to the methods applied,
the fastest drying was obtained in 15-IR
drying with 0.22% / hour. Drying with 30-IR

was fairly slow (0.15% / hour) compared to
other methods. With plate heating, even
though drying with periods of 15 minutes is
faster (0.19%/hour) it can be said that there is
not a significant difference with 30 minutes
drying (0.21%/hour).

Comparison of drying methods

50 4733
45
9.20
40 \
4 3 e 73
35 3%o0® !S\“\”;
g 30 \33 800, \{8<Néi.40
O [ 2;30 24.53
S 25 l24 03@, \ 21.53
= 1531 W 15~
£ 20 A ’ o ‘\15"23
= 25 33 \=\ 15.00 15.60 1333
13.00
15
Al }%‘93 9. ;7\> 1157 10.33
14 6 S
10 A 1170 =
5
0
Initial 1 2 3 4 5 6 7 8 9 10
mc Drying Time (day)
—|—30P e @e+ 15P —iz— 30 IR —aA- - 151R
Figure 5. Average moisture changes according to drying method (%).
Drying time in the drying of the lumber is No collapse was determined in the

an important factor on the cost of the drying
process due to energy consumption. Since
faster drying was achieved with 15-IR
drying, it can be said that the energy
consumed by the heaters and the vacuum
pump during drying will lead to less energy
consumption than the other methods and thus
lower the energy costs.

All four methods applied are determined
to have mild casehardening. In drying tests
made with IR and plate in periods of 15
minutes, internal cracks, even though less,
have been found. In 15-HP drying, end and
surface cracks were found in one of the
lumbers, in other methods, no end cracks
were found, and results were obtained in
accordance with quality (Q) drying class in
terms of surface cracks.
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methods applied, deformations in accordance
with the shrinkage anisotropy were observed
after drying.

In light of all the obtained data, 30-HP
method meets the requirements of quality (Q)
drying class while other 3 methods were
determined to meet the standard (S) drying
quality class.

The comparison values with studies made
on drying the oak species before have been
given in Table 1. Unsal (2002) dried the 50
mm thick oak with 60% initial moisture with
classical drying methods in different size
kilns and achieved very low drying rate
(0.03% hour®) despite using higher
temperature (65 ° C) than the temperatures
used in this study. The low drying rate is due
to the high lumber thickness and the use of
conventional technical drying methods.
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Kantay (1978) dried oak lumber with a
similar thickness and initial moisture in 2
different types of Kkilns by conventional
drying. Despite higher temperatures such as
65-70 °C were used; lower hourly drying
rates (0.14-0.19 % hour?) were obtained
than the drying rates obtained in this study
(0.22 % hour?). However, dried lumber has
been included in quality and high quality
drying classes and it has been stated that it is

possible to dry with relatively better quality.
Brunner (1999) dried the oak lumber of
similar thickness with the hot steam method
at a faster drying rate (0.26 % hour?) to
similar final MC. Although achieving faster
drying rates may be related to the drying
method, Guilman et al. (1996) achieved a
lower drying rate (0.17 % hour?) with a
similar hot steam method.

Table 1. Comparison of the results with the previous studies

D Va DT Tmax MCi -
Reference Wood Method MCT (%) Eg/ry'r?? rateDQA
(mm) msn) () (C) (%) (% )
15-HP 147 52 40.3 117 0.19 S
Sessile oak25  30-HP 2 172 53 47.3 9.7 0.21 Q
This study (Quercus
Petraea) 15-IR 126 42 37 9.3 0.22
30-IR 242 43 46.7 10.3 0.15 S
ONSAL O, Oak Tyadlotqnal 3 1380 65 60 9.7 0.03 S
50 kiln drying
2002 Oak 1550 65 60 10.9 0.03 S
Sessile oak Tradiotonal 209 65 45 85 0.19 E
KANTAYR. (Quercus kiln drying ~
. ying 288 65 45 7.5 0.14 E
dschorochensis
1978 K koch
koch) 217 70 45 75 0.14 Q
European oak
BRUNNER (Quercus 27  Hot steam 120 40 8 0.26
R.. 1999
Robur)
European oak
CUILMAN C.hjercus 27 Hot steam 230 50 10 0.17
vd.. 1996
Robur)

D: Timber thickness; Va: Air velocity; DT: Total drying time; Tmax: Max temperature; MCi: Initial MC; MCf: Final MC;

DQA: Drying quality assestment

In light of this data, when the low ambient
temperature, obtained drying periods and
final MCs, hourly drying rates and drying
quality classes are considered, it was
concluded that it would be possible to dry the
oak lumber with IR or heating plate under
periodic vacuum.

According to the obtained test results, 30-
HP drying method can be preferred both in
terms of drying quality (Q) and hourly drying
rate (0.21%). However, the 15-IR drying
method can be used in terms of drying rate
(0.22%).

It is predicted, however, that the drying
time can be further reduced by reducing the
vacuum time. In their study, Hansmann et al.
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(2008) have dried Eucalyptus Globulus,
which has a high tendency to crack like oak
in drying, at a low pressure (76 mbar) with a
high frequency and dried from 58% to 10.3%
moisture in 5 days. Considering that the rate
of hourly drying (0.39%) they have obtained
is higher than the values obtained in this
study (0.22%) can be resulted due to working
at lower pressures, it can be suggested that
drying experiments at lower pressures can be
made for oak lumber drying.
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