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EFFECT OF WOOD FRACTIONAL COMPOSITION ON GASIFICATION PROCESS

In many countries of the world, biomass is beconimgeasingly important in various sectors, in jgattr: at thermal and
electric stations for the production of heat aretelcal energy in district heating systems in cioaimand timber industry comple-
xes. It is known that the potential of biomasseis times higher than the possible needs of mankindnergy, is environmentally
friendly and has the ability to recover. Today thisra trend of decentralization of energy, thattie use of cogeneration plants for
generating heat and electricity. Perspective caggioa units are internal combustion engines opggain synthesis gas. Therefore
gasification of wood for the purpose of synthesis groduction is the most promising and ecologicay of biomass processing.
The calorific value of the synthesis gas produced eesult of the gasification of wood fuels canyw@epending on various factors.
The main factors affecting the gasification procassas follows: the fractional composition of wptte amount of air supplied to
the gasification chamber; height of the active tagred a number of other factors depending on takthat is gasified, and the para-
meters of the gasifier. Any wood for further thetmpeocessing should be crushed. Depending on tkd,rthe wood is crushed to
the technological wood chips of various fractiogschipping machines that are also called wood @tsstor shredders. The choice
of chippers depends on the production need. Modeipping machines allow fine-tuning the raw matebiathe size of the wood.
Taking into account the shortage and the pricenefgy carriers, the use of comminuted wood waste fagel for gas-generating
plants and solid-fuel boilers comes to the fore.

Keywords:calorific value of synthesis gas; gas-generatstaitation; wood gasification process; fractionamposition of wood.
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whered, — average sieve holes diameter; number of pri-
mary fractions in the layer on dispersion size; mass sha-
re of the fraction.

The average diametdris defined by the formula

Introduction. Physical and mechanical properties of
chopped wood, except bulk weight, are no differieamn
the properties of wood. The main difference of #ogyse
material on the whole lies in its particles disis@ion
(sawdust, shavings, speck of dust). In this conmectves-
hould consider the physical and mechanical progentif
individual particles and properties of the wholesmaf the 4242
loose material. The moisture in the wood affeces ghysi- d :’/d l+é ' (2)
cal and mechanical properties of wood in any ofkitgl. L . .
Even at higher wood moisture content of 14-16 %ewatwheredlanddzare determined in accordance with the size

. . L . of holes of passable and impassable sieves.
acts as a lubricant at a given mechanical impagteaally ; . . .
. S . . . If the particle sizes are determined experimentatiyg
during comminution when the pieces or particlesratati-

. they are very different in form from the spheres #yuiva-
vely large. At very low moisture content of woods( than lent diameter of the particles can be determinethbyfor-
4.5 %), water forms thin films in wood thicknesa. this

mula:
state, the wood becomes brittle, breaks easilyigmdsily

d. =@, , 3
shredded (Basu, Prabir, 2010; Lyamyn & Nemkyn, 3940 ¢ )

. . : where ¢ — factor or form factord, — diameter sphere, the
At various operations with loose waste, we havedont L . .
certain other technical processes such as gagificatur- amount of which is equivalent to the volume of plagticle.
ning, etc If the volume of the particles is equal ¥, then when

Method for calculation the particles size of woodln
the process of gasification or burning of wood tipkes si-
ze plays an important role. For calculations comuece
and simplification, loose materials particles foisrsuppo-
sed to be spherical. In fact loose particles of dvdifer in
form from the sphere. Therefore the concept of \exjant
diameter is introduced, i.e. linear particle sizguivalent to
the diameter of the respective sphere.

The equivalent diameter of particles is determibgdi-
eve analysis (Lyamyn & Nemkyn, 1940) as follows:

V.=V, diameter sphere is equal to

/ V,
d. = L, 4
0,524 @

For spherical particlew = 1, roundg = 0,75, shapeless
@ = 0,66, oblongy = 0,58, lamellarp = 0,43.

Taking into account the fractional composition and
amount of wood needed in this technological praocess
choose a PM-5P" shredder. Shredder is equipped with a
pneumoconveyor or belt conveyor for the removattaps,
grinding device, control device to resize chipsgstsize is
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adjustable — length from 10 mm to 40 mm, width 7 tom
20 mm thickness from 1.5 mm to 5 mm).

During the wood gasification (pine) with decreasing
particle size from 50 mm to 30 mm, gas temperaatrhe

The purpose of the study The study is aimed at deter-outlet of the gasifier decreased. The rate of gasibn pro-

mining the influence of the particle size of choppeood
on the gasification process and on the lower hgatalue
of the synthesis gas.

Results of the researchAnalysis of the impact of input
parameters, one of which is the fractional compmsibf
wood, the calorific value of syngas will help usdioptimal
regime parameters for gasification and laborat@y gene-
rator, which allows developing technology for thesifica-
tion process and the constructive scheme for tdasimnial
gas generator installation.

cess increased, which eventually led to a signifi¢acre-
ase in productivity a gas generator and to a saif
increase in the output of wood gasification of idjpro-
ducts while increasing net calorific value of sygis gas.
Increased wood chopping leads to an increase isuHa-
ce, providing a significant heating rate of pagtcbf wood
and allocation of decomposition products on it§asie. But
with decreasee in the timber particle size frorn80 to
10 mm, we could observe decrease in net calorélaey of
synthesis gas because of the high density of fagérl

For the experimental research and the developmient hich in turn reduces the intensity of the gastfa pro-

wood gasification process into gaseous fuel, gasiith a
continuous layer has been designed (Mysak, Lys
Martynyak-Andrushko, 2017).

cess.
& As aresult of experimental research (Pylypchulyhidr
ryev & Shostak, 2007; Lys & Mysak, 2012) using Bupl

The problem was to find dependence of lower syngdB2 dependence of the net calorific value of synthesis

calorific value on particle size of the chopped dawippli-
ed to the gasifier, the amount of air and the armofifuel
in the gasification chamber.

(Qr MJInt), for the process of wood gasification on such

factors as: size of the wood particles 10, 30, 50 mm;
amount of airG = 40, 65, 90 nrithr; amount of fuel in the

In order to establish the nature of the variablgdis 9asifier reactog = 50, 75, 100 % has been established. Cal-
influence on net calorific value of synthesis dgas, three- culation of the regression coefficierss Cochran criterion
level plan (B) (Mysak, Lys & Martynyak-Andrushko, G, and Fisher criterion J(Mysak, Lys & Martynyak-
2017; Pylypchuk, Hryhoryev & Shostak, 2007) was dJse Andrushko, 2017; Lys, 2017) for pine wood are pded in
Levels and intervals of factors change are showithan Table 2.

Table 1. Table 2. The results of calculation of the regression

Table 1. Levels and intervals of factors change coefficients, Cochran and Fisher criterions

Factor de] Levels of facto Bo 1y 1B, 1B byy | gy bag LDyp Bus D0 G (L?;,, e o
signation [  changing |Intervd of RIGII I3 6|8 |S|3|9R[2]3]8
Factors 1y nor- factor o|lo|lo|lo|d || |29 |clo|lg 2 g
ngf' mali-| (=1)| (0) | (+1)| changing
zed As a result ofBs-plan implementation, mathematical
tSize ofthewood par-| | |\ | 15| 30| 50 20 description of the object in a second order polyinvas
icles, mm __ obtained:
Amountof air, nivhr 1 G | % 140 | 65| 901 25 Q=-15562+ 0,2726+ 0.11266+ 0.06%72 0.00875
Amount of fuel in the 50| 75| 100 25
gasifier reactor, % a9 % -0.00083%2 - 0.000433°>- 0.00004 G- (5)

It has been established that the highest calorifioe of
synthesis gas is reached during the gasificationvadd Table 2 shows that &G, (0,0950,48), experiments
with a particle size of 30 mm (Fig. 1), the amooftair can be considered reproducibfe,<F, (0,25542,5027) —
65 nmi/hr, fed into the gasification chamber, and the amahe model is considered adequate and can be usktoi-
unt of fuel 75 % of the total volume of the reactor be the object.

-0.000021 [¢ + 0.00003XG [q .
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Size the particles of wood I, mm

—— amount of air 40mj / hr., amount of fuel 50 %
—— amount of air 40m3/ hr., amount of fuel 100 %
—o— amount of air 65m3 / hr., amount of fuel 75 %
—— amount of air 90m3 / hr., amount of fuel 50 %
—=— amount of air 90m, / hr., amount of fuel 100 %
——amount of air 4Om3 / hr., amount of fuel 75 %
——amount of air 65m_ / hr., amount of fuel 50 %
——amount of air 65m3 / hr., amount of fuel 100 %
——amount of air 90m" / hr., amount of fuel 75 %
Fig. 1. Dependence of syngas net calorific value on partize of

chopped wood during pine wood gasification

Dimensions of the particles of wood 1, mm
Fig. 2. Dependence of heat of syngas combustion on chopped
size determined by regression equation with thergamount of air
(G = 70 ni/hr.) and the amount of wood in the gasifier reagioc=
80 %)

Conclusions The degree of wood chopping has been
shown to significantly affect the gasification pess. A sig-
nificant increase in wood particle size $0 mm) leads to a
decrease in the intensity of wood gasification pesc Du-
ring the gasification of wood chips of various degrof
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shredding, liquid products output changes (the Em#ahe Lyamyn,V. A, & Nemkyn, A. S. (1940). Vlyyanye igffthenija
wood particles the greater the output of totalnmesif abso- ~ drevesyny na vykhod zhydkykh produktov hazyfykatsie-

lutely dry wood weight). The obtained regressionatipn ~ Sokhymycheskaya promyshlenngsg4-38. in Russian].
could be the basis for the process under studyratizhal Lys, S. S. (2017). The Analysis of Experimentaldesh of Gasifica-

rocess control. With equation of dependence oiitsnon tion Process of Low-Grade Fuehcientific Bulletin of UNFU,
p ' 9 P o 27(1), 154-156https://doi.org/10.15421/40270136

the orlglna] set.tlng, we can predict every possii@demeter Lys, S. S., & Mysak, Yo. S. (2012). Termichna pebka derevyny
for the estimation of the process under study gtvatues  “metodom sutsilnoho sharu v hazopodibne pal@khidno-Yevro-
of the factors that are between the upper and Itaveils. peyskyy zhurnal peredovykh tekhnolohiy, (878 47-49. ih
Ukrainian].
Mysak, Yo., Lys, S., & Martynyak-Andrushko, M. (201 Research
Basu, Prabir. (2010Biomass gasification and pyrolysis: practical de- 0n gasification of low-grade fuels in a continudeger. Eastern-
sign Academic Press is an imprint of Elsevier, US/ 87 European Journal of Enterprise Technologig§) 216-23.
Pylypchuk, M. 1., Hryhoryev, A. S., & Shostak, V. {2007).0Osnovy
naukovykh doslidzhehviv: Znannya, 234 pifi Ukrainian].
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BIJIUB ®PAKIIHHOTIO CKJIAAY JEPEBUHHU HA IPOILIEC TA3SUPIKAIIIT

CrorojiHi icHye TeH/ICHLis 10 JeLeHTpali3allil eHepreTHKU, TOOTO BUKOPUCTAHHS KOTEHEpalifHUX YCTAaHOBOK ISl BUPOOJIECHHS
Teria Ta eNeKTPUKH. [lepcriekTMBHUMH KOTeHepaliiHUMU yCTaHOBKAaMH € JIBUT'YHH BHYTPIIIHBOTO 3rOPaHHS, SIKi MPAIfOIOTh HA CHH-
te3-razi. Tomy rasudikartis repeBUHY 1715l BAPOOICHHS CHHTE3-Ta3y — HalOiIbII MePCIIEKTUBHUM i €KOJIOTiYHMI crioci6 nepepobiieH-
Hst GiomacH.

TennoTBOpHa 31aTHICTH CHHTE3-Ta3y, OTPUMYBAHOTO BHACTIZOK Tasuikarii qepeBHOro manmBa, MOXKE 3MIiHIOBATHCS 3aJEKHO
Bix pi3HuX (paxTopiB. OcHOBHMMHU (pakTOpam¥, sKi BINIMBAIOTH Ha Mpomnec rasudikarii, €: ¢ppaxuiiiauii ckiag JepeBUHHU; KilbKiCTh
TMOBITPS, MOJAHOTO B KaMepy ra3uikaii; BUCOTAa aKTUBHOTO HIapy i iHIINX (akTOpiB, 3aNeKHUX BiJ MainBa, ke razudikyerses, i
napameTpiB rasudikatopa. bBynp-sxy AepeBuHy U1 MOJANBIIOT0 TEPMIYHOTO MepepolneHHs noTpiObHO moapiOHuTH. Y pasi BUpoO-
HU4O01 MOTPedH, NepeBUHY MOJPIOHIOIOTH 10 TEXHOIOTYHOI TpickH pi3HUX (pakuiil pyOansHUME MamrHamu (iX 1€ Ha3UBAKOTH Jie-
PEBHUMHU Jpobapkamu, ipeiepamu). BuGip pyOaibHOT MAIIUHU 3aJICKUTE BiJl BAPOOHUYOT noTpebu. CyuacHi pyOasibHi MalllMHU Jia-
I0Th 3MOTY 31iliCHIOBAaTH TOHKE HAJIAIITYBAHHS BUXiJHOrO MaTepialy 3a pO3MipoM JepeBHHHU. 3Bakalouu Ha Ae(iuuT i LiHy eHepro-
HOCIiB, Ha NIEPIINI IJIaH BUXOIUTh BUKOPUCTAHHS MOAPiOHEHNX JIEPEBHUX BiJIXOIB SK MalUBa JUIS ra30r€HEPATOPHUX YCTAHOBOK Ta
KOTJIiB Ha TBEPJIOMY HaJIUBI.

Kniouogi cnoea: TennoTBOpHA 31aTHICTh CHHTE3-Ta3y; ra30reHepaTopHa yCTAaHOBKA; Mpolec ra3udikanii nepeBnHy; Qpakiiianit
CKJIaJ IEPEBUHM.
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B/IMAAHUE ®PAKIIMOHHOT'O COCTABA APEBECHHBI HA ITPOLECC T'ASUPUKALTUN

CerojtHs UIMEET MECTO TEHJCHLMS JELECHTPAIM3AlMN SHEPreTUKH, TO €CTh MCIOJIb30BaHNE KOT€HEPAlMOHHBIX YCTAHOBOK JUIS
BBIPAOOTKHM TeILIA U 3JIeKTpUuecTBa. [1epCreKTUBHBIMU KOTEHEPALMOHHBIMU YCTAHOBKAMH SIBJISIIOTCS JIBUTATENI BHYTPEHHETO Cro-
paHus, paboTatonue Ha cuHTe3-rase. [loaroMy razuduxarms JpeBecuHsl ¢ LeIblo BHIPAOOTKH CHUHTE3-Ta3a — HanboJee NepereKTuB-
HBIN M 3KOJIOIMYECKHUi criocob repepaboTku 6MOMACCHI.

TennorBopHas cOCOOHOCTH CHHTE3-Ta3a, MOITYyYaeMOro B Pe3yJIbTaTe ra3u(MKaIiy APEBECHOTO TOIIMBA, MOXKET M3MEHSTHCS B
3aBUCUMOCTH OT Pa3InIHBIX (hakTopoB. OCHOBHBIMYU (hakTOpamMH, BIMSIOIINMY Ha MPOIECC ra3u(UKaINH, SIBISIOTCS: (ppaKIIMOHHBII
COCTaB JIPEBECUHEI; KOJIMIECTBO BO3AYyXa, MOAAHHOIO B KaMepy ra3u()MKaIiy; BEICOTA aKTUBHOTO CIIOS M PSAa Ipyrux (hakTopos, 3a-
BUCSIIMX OT TOILUTMBA, KOTOPOE ra3uuuUpyeTcsi, ¥ mapaMeTpoB rasudukaropa. Jliobyio npeBecuHy 1uis JalbHEHIIEH TepMUIECKOi
nepepaboTKu HY)KHO M3MEJNbYUTh. B cilyyae HEOOXOAMMOCTH, IPEBECHHY H3MEIbYAIOT 10 TEXHOJIOIMYECKOM MLIEMbl PasIMYHBIX
(pakimii pyOHIBHBIME MalIMHAMK (MX €llIe Ha3bIBAIOT APEBECHBIMH IPOOUIKAMH, LIpeepaMu). BeIGOp pyOHIBHBIX MAIIMH 3aBUCHT
OT MPOU3BOJCTBEHHON HeoOX0auMOocTH. CoBpeMeHHbIE PyOMIIbHBIE MALIMHBI MO3BOJISIOT TIPOM3BOANTE TOHKYIO HACTPOHKY HMCXOJ-
HOT0 Marepuaa 10 pa3Mepy APEBECHUHBI. YUUTbIBAs JIe(ULHUT U LIEHY SHEPIrOHOCHUTEIEH, Ha TIEPBbIH MUIAH BBIXOJUT UCIIOJIb30BaHUE
M3METbYEHHBIX JPEBECHBIX OTXOO0B B KQUECTBE TOIUTMBA JJIsl TA30T€HEPATOPHBIX YCTAHOBOK M KOTJIOB HAa TBEPIOM TOILIHBE.

Knrouesvie cnoga: TennoTBopHas ClOCOOHOCTh CUHTE3-Ta3a; ra30reHepaTopHas yCTaHOBKA, MPOLIECC ra3uuKaluy 1peBecHHbI;
(hpakIMOHHBIA COCTaB IPEBECHUHBI.
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