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GENERALIZED ANALYSIS OF THE RESULTS OF THEORETICAL AND EX-
PERIMENTAL STUDIES OF THE CONVECTIVE DRYING PROCESS OF WOOD

Convective drying is the most common method of drying lumber and blanks, veneer and
chipped wood, shaped pieces and other wood products. The main equipment for drying veneer are
roller dryers. For drying the chipped wood that is used for manufacturing particleboards, powerful
drum dryers are mostly used where the drying agent is flue gases generated from the combustion of a
mixture of natural gas and sander dust. The use of independent sources of thermal energy in the pro-
cesses of drying veneer and chipped wood waste is an urgent problem, the solution of which allows
recycling a variety of waste wood in woodworking industry, furniture making, sawmilling, plywood
manufacturing and other industries, and also used wood which has exhausted its service life (post con-
sumer wood). The received results of theoretical and experimental studies are recommended for use in
woodworking and other industries that produce rotary-cut veneer and chipped wood, and enterprises
that manufacture products from rotary-cut veneer (plywood, furniture items, musical instrument ,etc.)
and also plants that manufacture products from chipped wood (particleboards, fuel briquettes and pel-
lets and other products).
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Convective drying is the most common method of drying lumber and blanks, ve-
neer and chipped wood, shaped pieces and other wood products. The basis for the char-
acterization of scientific and practical significance of the conducted research are the ob-
tained theoretical and experimental results which are covered in this work.

Wood drying is the most power-intensive process in woodworking industry. In
due time, most boiler plants were converted to natural gas or fuel oil, the fuel which has
high calorific value. But owing to the rise in prices of energy (natural gas and fuel oil),
manufacturers are forced to seek for alternative, cheaper energy sources. One of these
resources i1s a wood raw material as a dependable and renewable source of thermal en-
ergy. The scientists of some Western European countries and of Ukraine have devel-
oped a number of effective, independent sources of thermal energy, using wood raw
materials as fuel , namely: Vynske energie technik NV (Belgium), Politechnik Biomass
Energy (Czech Republic), “Hamech”, “Univeks” (Poland), “Krieger”, “Metallist”
(Ukraine), which have high efficiency (=90%). The main equipment for drying veneer
are roller dryers. They have a number of significant advantages over other kind of
equipment. Veneer is shaped between the rollers, which prevents the veneer warping.
During the movement of the veneer, the rollers further squeeze out of it some moisture
without consumption of thermal energy. In a roller dryer, the thermal energy is trans-
ferred to the material (veneer) by convection from the drying agent, by conduction
from heated rollers and heat radiation from the elements of the dryer.

In roller dryers, the drying agent can be steam-air mixture or flue gases. The
steam-air mixture is heated by the heaters, where the heat carrier is water steam with
pressure of 0.6-0.8 MPa. As a rule, water steam was produced by large boiler plants of
DKVr or DE types. However, such boilers used natural gas or fuel oil as a fuel, which
greatly increases the cost of generated thermal energy.
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For drying the chipped wood that is used for manufacturing particleboards, pow-
erful drum dryers are mostly used where the drying agent is flue gases generated from
the combustion of a mixture of natural gas and sander dust. Besides the production of
particleboards, chipped wood has been widely used recently for the manufacture of fuel
briquettes and fuel granules (pellets). When using wood waste, large boiler plants are
working inefficiently. Therefore, it is reasonable to use small thermal generating units
with a capacity of 1-2 MW of heat energy, which use crushed waste of wood raw mate-
rial as the fuel . There is a sufficient supply of wood raw material in Ukraine that can be
used as fuel. First, a large amount of logging residues, dead and unfit for economic pur-
poses wood. Secondly, waste from sawmill plants, furniture making, wood panel pro-
duction and other industries. Thirdly, the use of wood which has exhausted its service
life. Fourth, it is the woody biomass which is collected on the green plantations of fast-
growing wood species: willow, poplar, aspen, and the like. Thus, this paper deals with
the energy aspects of drying chipped wood, where the drying agent are flue gases de-
rived from the burning of wood raw material in thermal generating units. Among the
thermal generating units that are to be used to provide drying plants with heat energy
are modern boilers of domestic and foreign manufacturers. For drying chipped wood in
the production of fuel briquettes and fuel pellets, it is advisable to use small drum or
flash dryers, where the drying agent are flue gases obtained from the combustion of var-
ious waste wood. The use of independent sources of thermal energy in the processes of
drying veneer and chipped wood waste is an urgent problem, the solution of which al-
lows recycling a variety of waste wood in woodworking industry, furniture making,
sawmilling, plywood manufacturing and other industries, and also used wood which has
exhausted its service life (post-consumer wood) [5-12]. Western European countries
practise cultivating fast-growing wood species (willow, aspen, poplar) which are used
as fuel or for generation of synthesis gas. If dryers use flue gases as the drying agent ,
the gross calorific value of fuel from wood raw material is used then, which significant-
ly increases the energy efficiency of thermal generating units and drying plants.

The process of conducting the studies involved application of the research meth-
odology of heat-mass transfer processes of woodworking, namely, the theoretical and
graphoanalytical methods of determining the duration of drying, the kinetic coefficients
of the drying process and complex criteria describing the integrated process of heating
and drying of wood. To process the experimental results, we used mathematical plan-
ning, classical methods of experiment conducting, and mathematical statistics evalua-
tion of physical quantities characterizing the properties of wood (density, moisture con-
tent, anisotropy, shrinkage,...) as well as kinetic characteristics of the drying process
(rate of drying, factors of moisture conduction and moisture-yielding ability, the gradi-
ent of moisture content of wood, drying coefficient). Analysed were the methods of
calculating the components of heat balance of power plants in order to improve their
operation and increase the effectiveness of heat energy utilization.

Obtained applied scientific results. Modernization of roller dryers SUR-4.
The SUR-4 roller dryer is a steam-air dryer with a longitudinal loading of material and
transverse circulation of the drying agent which is heated by steam radiators. The drying
plants were reconstructed for the experimental studies. Axial fans were replaced with
more efficient centrifugal blowers which are placed on the ceiling of the dryer. In this
case, the first two fans (from the charging compartment) provided heat and circulation
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of the gas-air mixture for the first period of drying, and the next two fans provided con-
ditions for the second drying period. That is, it became possible to regulate the speed of
circulation and thermal regime in the two equal parts of the drying plant, which is the
original aspect of their modernization. As a result of double purification of products of
fuel combustion (waste wood), they are completely cleaned of soot and, at a high tem-
perature, fed into the distribution channel and through adjustable holes to the middle of
the drying chamber where they are mixed with the circulating nongaseous mixture.
Consequently, all heat energy that is needed in the drying process is the heat energy of
flue gases obtained from burning waste wood in the independent sources of thermal en-
ergy. Due to the modernization of the SUR-4 dryer, new results have been obtained
which differ significantly from domestic and foreign analogues, namely:

e the drying plant is converted to energy-saving heat supply — flue gases with a high calorific
value of fuel; the drying process in the drying plant is arranged zonally — for the first period of con-
stant drying rate and for the second period with slowing the rate of drying, with certain temperature

modes and circulation rate of the drying agent, which can be changed depending on wood species of
veneer sheets; the moisture content of wood is governed by the speed of the conveyor roller drive.

Improvement of drying plants of flash type. In drying plants of drum type
(with pneumomechanical movement of material) occurs a process of continuous con-
vective drying of chipped wood. These dryers are simple in design and are of adequate
performance. The drying process is regulated by the temperature of the drying agent, its
rate of circulation and the rotation speed of the drum and the angle of its slope. The
temperature of the environment, usually flue gases, can range from 350 °C up to 730 °C
at the inlet to the dryer. Outlet temperature of the drying agent, according to the operat-
ing requirements, should be taken from 50 °C up to 90 °C and governed by the circula-
tion rate. In flash-type dryers, you can create a two-step drying process due to the two-
circuit design. In the two-circuit drying plant, the process of chipped wood drying can
be divided into two periods: the period of constant (steady) speed of drying from the ini-
tial moisture content Wi to the critical value Wer, and the period of slow drying from
the critical value Wer to final moisture content W{. This division of the drying process
allows to intensify heat-and-mass transfer processes. Due to this improvement of drying
plants of flash type, it was possible to obtain new results which differ significantly

from domestic and foreign analogues, namely: the drying plant uses energy-saving heat supply
— flue gases with a high calorific value of fuel; the drying process in the dryer is divided into two peri-
ods, where the first period is of constant drying rate which occurs in the primary circuit of the dryer
and the second period of the slow drying rate in the second circuit of the dryer with individual temper-
ature regimes and circulation rate of the drying agent, depending on particle size of shredded wood, in-
itial and final moisture content of the wood in a separate circuit.

Practical results of theoretical and experimental studies of drying processes.
The following new practical results were obtained as a result of studying patterns of
heat-and-mass transfer:

e solving the problems of kinetics of the drying process by experimental drying curves, the
curves of drying rate and the variation of temperature in the course of time made it possible to develop
a methodology for determining the intensity of heat exchange and mass transfer, which gives suffi-
ciently accurate results for practical use; solving the system of equations of heat-and-mass transfer ac-
cording to the corresponding initial and final boundary conditions allows determining the moisture
content and temperature fields in the wood, which is of practical use in determining values for humidi-
ty and temperature deformations and corresponding stresses characterizing the quality of wood;

e the drying process for rotary-cut veneer and chipped wood is divided into two periods of con-
stant and slow rates of drying for which experimentally were found values for the rate of drying, dry-
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ing coefficients, moisture conduction, moisture-yielding ability, which allows for synthesizing the cal-
culated dependences of the intensity and duration of drying on wood species, its moisture content and
density, temperature and humidity fields of the environment in the drying plants; solution of differen-
tial equations of drying rate in the periods of constant and slow rates of drying allows defining a list of
parameters that need to be found experimentally to transform theoretical equations into design ones in
order to determine the duration of drying processes and, accordingly, to determine the performance of
installations for wood drying; based on the law of conservation and transformation of energy, equa-
tions have been synthesized that characterize the heat balance at the interface of phases “environment-
the surface of the material” during drying which determine, in one case, the amount of heat energy re-
ceived from the environment that is used for heating of the material and evaporation of moisture, and,
in the second case, characterize the mass flow (moisture) inside the material, that is, practically deter-
mine the values for moisture conduction and moisture-yielding ability of wood; the possibility has
been proved for flue gases, cleared of sparks and subjected to double purification from smoke and
soot, to be used in the drying processes not only of veneer wood, but lumber and blanks as well;

e based on the analysis of the results of experimental investigations on the process of drying rota-
ry-cut veneer in the reconstructed roller-drying systems, the authors derived dependences of the tem-
perature of the drying agent and the speed of circulation in various areas of the dryer on moisture con-
tent of the veneer, which makes it possible to divide the drying process into two periods and actually to
regulate the intensity of veneer drying process; based on the analysis of the results of experimental in-
vestigations in the two-circuit flash drying plant, there were developed operating parameters — temper-
ature of the drying agent at the entrance to the first and the second circuits as well as the recommend-
ed circulation rate; based on the results of experimental studies on rotary-cut veneer and chipped
wood, a technique was developed for determining the technical- and-economic performance of recon-
structed roller drying plants and pilot plants of drum and flash types, namely their productivity, dura-
tion and cost of the drying process; Based on the mass of moisture that evaporates during drying of ro-
tary-cut veneer and chipped wood, the dependence of drying rate on the temperature of the drying
agent was identified and mathematically described, and, in the end, the desired thermal power of the
heat-generating unit was determined.

Conclusions. The above results of theoretical and experimental studies are rec-
ommended for use in woodworking and other industries that produce rotary-cut veneer
and chipped wood, and enterprises that manufacture products from rotary-cut veneer
(plywood, furniture items, musical instrument ,etc.) and also plants that manufacture
products from chipped wood (particleboards, fuel briquettes and other products).
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¥Y3arajabHeHUil aHATI3 pe3yJIbTATIiB TEOPETHYHUX Ta eKCIePUMEHTAJBHUX J10-
CJIi’KeHb KOHBEKTHMBHOI0 NPOLeCcy CYIUNiHHS AepeBHHA

KoHBEeKTHBHE CYIIIHHS € HAUTIOMUPEHIIITNMM CTIOCOOOM CYIIIHHS TUJIOMAaTepiajiB 1 3ar0TOBOK,
IINOHY Ta MoApiOHEHO1 AepeBUHHU, NMPODITLHUX Ta IHIINX BHPOOiB 3 AepeBUHU. OCHOBOIO IS Xapak-
TEPUCTUKH HAYKOBOI 1 MPAKTUYHOT 3HAYMMOCTI TIPOBEICHUX JOCTIKEHb € OTPUMaH1 HOB1 TEOPETUYHI
Ta EKCIePUMEHTaNIbHI pe3yabTaT. OCHOBHUM 0O0JaIHAHHAM JUIsl CYIIIHHS IITOHY € POJMKOBI CyIIap-
kiu. BOHM MarOTh ps ICTOTHUX TepeBar B TMOPIBHSAHHI 3 IHIIUM OOJaJgHaHHAM. MDK pOJIMKaMU
bikcyeTbes hopma mmony, To0TO 3anodiraeThes Moro aedopmartis-xkonooieHns. Ponuku npu pyxosi
IIMOHY J0JaTKOBO BUYABIIOIOTH 3 HHOT'O YaCTUHY BOJIOTH 0€3 BUTpAT TEIUIOBOi eHeprii. B ponukoBux
CylIapkax TeIuIoBa €HEepris M0 Marepiany (IIMOHY) MEepeaaeTbcsl NMUIIXOM KOHBEKINi BiJ areHra
CYIIIHHS, OUIAXOM KOHJIYKIIIi BiJl HarpiTUX POJHKIB Ta TEIJIOBUM BHUIIPOMIHIOBAaHHIM BiJ €JIE€MEHTIB
cymapku. J[ns cymriHHS moapiOHEHOI JepeBUHHM, IO e HAa BHPOOHHUIITBO JACPEBHHHOCTPYKKOBUX
IUTUT, B OCHOBHOMY, 3aCTOCOBYIOTh TOTYXH1 OapabaHHI CylmIapKu i€ areHT CYIIIHHS — TOIKOBI Ta3H,
SIK1 YTBOPIOIOTHCS BiJI CITAIIOBAHHS CYyMIIlll IPUPOIHOTO ra3y Ta nurdysanpHOro mry. Kpim BupoO-
HUIITBA JIEPEBUHHOCTPY)KKOBUX IUIUT MOJPIOHEHY JEPEBHHY B OCTaHHIN 4Yac IIMPOKO BUKOPUCTOBY-
I0Th JIJI1 BUTOTOBJICHHS TAJIMBHUX OPWKETIB 1 MaJTUBHUX TpaHyn (menetiB). Ha Biaxomax 3 gepeBUHU
BEJIMKI KOTEJIbHI YCTAaHOBKH MPAIIOIOTh HeeeKTUBHO. OTXKe, TOIUIBHUM € 3aCTOCYBAaHHS HEBEIMKHX
TEIJIOBUX arperaTiB MOTYXKHICTIO 70 1-2 MBT TemmoBoi eHeprii, KOTpi, K MajJuBO BUKOPHUCTOBYIOTH
nopiOHEeHi BiAXOAM 3 JAEPEBHOI CUPOBUHH. BHKOpHCTaHHS aBTOHOMHUX JiKEpell TEIIOBOi eHeprii B
mpoliecax CYyIIiHHS IIMOHY 1 TOAPIOHEHOT IEPEBUHM € aKTyaJIbHOIO MPOOJIEMOI0, BUPIIIIEHHS KO J10-
3BOJISIE YTHJII3YBaTH Pi3HI BIAXOIU JIepeBOOOPOOHMX, MEOJIEBUX, JICOMMWIBHUX, (paHEPHUX Ta THIIUX
BUPOOHMIITB, & TAKOXK Y)KUBaHY JIEPEBUHY, sIKa BUUEpHaia CBii TEPMiH eKCILTyartaiii. SIKio B cymap-
KU TIOAAIOThCS TOMKOBI I'a3H, SIK areHT CYIIIHHSA, TO BUKOPHCTOBYETHCS BHINA TEIUIOTBOPHA 3JaTHICTh
najgnBa 3 JIEPEBHOI CUPOBUHHU, 110 3HAYHO MiJBUIYE CHEPTETHYHHN KOE(IIEHT KOPUCHOI il Terio-
BUX arperariB i CyIIWIbHUX YCTAaHOBOK. B mpolieci BUKOHAHHS TOCIIKEHHSI BAKOPUCTAHO METOJI0JIO-
Ti0 JOCIIHKEHHS TETUIOMAacCOOOMIHHHMX TIPOIIECIB JEPEBOOOPOOKH, a caMe TEOpEeTUYHI Ta rpadoaHalti-
THUYHI METOJIY BU3HAYEHHS TPUBAJIOCTI CYIIIHHS, KIHETUYHUX KOE(DIllI€HTIB MPOLECY CYIIiHHS Ta KOM-
MJICKCHUX KPUTEPIiB, IO IHTETPOBAHO OMUCYIOThH MPOIIECH HATPIBaHHS Ta CYIIIHHS JEPEBUHHU.

OTpumani pe3ynpTaT TEOPETUYHHUX Ta EKCIEPUMEHTATBHUX JOCIIIKEHb PEKOMEHIY€E€ThCS BU-
KOPHUCTATH B JIEPEBOOOPOOHI Ta 1HIIUX Tajay3sX MPOMHUCIOBOCTI Ta MiJMPUEMCTBAX, [0 BUPOOIISIOTH
JYIIEHUH MIMOH Ta MoJApiOHEHY JepeBUHY Ta HA MiANPUEMCTBAX, SKI BUTOTOBJISIOTH MPOIYKIIIIO 3 JIy-
nieHoro mmony (daHepy, MebseBl BUpOOH, MY3WYHI IHCTPYMEHTH TOIO) 1 MOJAPIOHEHOT ACPEeBUHU
(IepeBUHHOCTPYKKOBI IUINTH, AJMBHI OPUKETH 1 IEJIETH Ta 1HII BUPOON).

Kuiio4oBi cji0Ba: BOJIOTICTh, KOHBEKTHBHE CYIIIHHS, MHJIOMAaTEpiain, 3arOTOBKHU, CYIIIHHS JIe-
PEBUHM, MIBUIKICTh CYIIIHHS IIIOHY, I€PEBUHHA CTPYKKa, POLIECH HATPiBaHHS.
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