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YV pobomi nasedeni pesyromamu 00CiiONCeHb CRANIO8AHL OPIOHO GpaKkyitinol biomacu y UXPOBOMY NOMOYL, 3 MEMOI GUKO-

PUCMAHHA 6 AKocmi ajlomepHamueHroco naiued.

The paper presents the results of research on combustion of finely fractional biomass in a vortex flow, for use as an alternative fuel.

biomn. 6, puc. 5.
KurouoBi ciioBa: 6iomaca, ropiHHS,caMO3aliMaHHS.

Berym.

biomaca, sik BiJIOMO, BiTHOCHTBCS JI0 HETPAIUIIIHHUAX
JDKEpeN CHeprii 1 € 4YeTBEpTUM 3a O3HAKOKO TAIIMBOM, SIKE
MOJKe OyTH BUKOPUCTaHA B IKOCTI aTbTEPHATHBHOTO MTaJTHBA
TPaIUIiHHIM — BYTiJUTIO, HA(TI Ta IPUPOAHOMY Ta3y, sKi €
OCHOBHHMH CKJIaJOBUMH MAIMBHO-EHEPTETUIHOTO OaIaHCcy
KpaiHH.

biomaca, mpu BHUKOpHUCTaHHI B SIKOCTi albTepHATHB-
HOTO TAJINBa, Mae€, MPAKTUIHO, Ti K caMmi HEIOJIKH, SK 1
HU3BKOSIKICHE HU3BKO PEaKIliifHe BYT1Is: HEBUCOKA TEILIO-
Ta 3TOPSHHS, a BMICT BOJIOTH MO)Ke OyTH B BEJIMKHX 00CsTax
(6imprre 60%). e 3HaYHO YyCKIAAHIOE TIpollec ii craro-
BaHHSI: BUMArae TakoX MOMEPeaHbOT MiJCYIIKU It 3a0e3-
TMIEYCHHS CTAJIOTO TOPIHHS Ta CIANIOBAHHS BEIMKHUX OOCSTIB
Oiomacy, U TIOKPUTTS TETUIOBUX HABAHTAXEHb SIK TIOKazy-
FOTB JOCITIKESHHSI, TPH BUKOPHCTAHHS 010MacH B SIKOCTI ITaJIH-
Ba HEOOXITHO BpaXOBYBAaTH X TIAJIMBHI XapaKTePUCTHKH [ 1, 2].

dakenpHEe CHaNOBaHHS JPiOHO (HpaKIitHUX BiIXOIIB
OloMacu TpU 3aCTOCYBaHHI ICHYIOUMX TBEPIOMAINBHUX
MaJbHUKIB Maoe(peKTHBHE.

JlocsTHeHHIO  €()eKTHBHOTO CHATIOBAaHHSA APiOHO
(paxmiitHoi OioMacH Tepemkokae HEIO0CTaTHE 3HAHHS
MeXaHi3My TOpiHHsI ABO(A3HOTO MOTOKY: TBEPAE MaIrBO—
MOBITPsI, SIKUH sBJsiE COOOIO0 CHCTEMY MOJi (PpakmiifHuX
YacTOK TBEPAOTO MaJMBa, sIKi TOpATH crinbHO. [lpu mpo-
My 3arajleHHUi IpoIeC BH3HAYAETHCS TOJOBHUM YHHOM
3aKOHOMIPHOCTSIMA TOPIHHS CaMOTHBOI YAaCTKH, SKHH
3alle)KHUN HacaMIlepe]l BiJl KIHETHKH peakxilii TOpiHHS.

BHaciiok 1mporo B JiHCHHII Yac He 3’scOBaHa NpPUPOJA
MEXaHIYHOTO HeIOMally TBEPAOro MajnBa 1 HE CTBOPEHHM
AHAJITHIHUA METOJ PO3PaxyHKY HMIIOBYTITLHOTO (hakery.

Sx moxazamm mposeneHi B ITTT® HAH VYkpainu
JIOCITiTM, HAWOUIbII e(EeKTHBHE CHANIOBaHHS TaJlHWB B
PEeKUMI caMo3aiiMaHHsl, SKHH MOYKHA OTPUMATH JJOBEACHHIM
MaJKBa JI0 TEMIIepaTypy caMo3aiiMaHHs HOro MmigirpiBoM. A
TaK SIK IpY CHAIIOBAHHI MajJHBa B PEXXMMI caMO3aiiMaHHS
MIBUIKICTh TOPiHHS HalOiIbIma (csrae OE3KIHEYHOCTI), TO
MpH IHOMY TEPEBAKAIOYMMHU CKIIAJIOBUMHU IIPOLIECY € He
KiHeTH4Hi, a nudy3iiHi npouecu. Tomy opraizamis npo-
1eCy y BUXPOBIM Tedii MOBUHHA 3a0e3Me4yBaTd BUCOKY
SKICTh CyMIIll yTBOPIOBAHHSI KOMIIOHEHTIB MaJIMBa 1 BUCOKY
e(heKTUBHICTH OTO 3TOPSHHS.

Peanizaris mpornecy crmamoBaHHS ApiOHO (PpakiiiHOT
OiomMacu B pexxuMi camo3aiiMaHHs HaO1IbII e()eKTHBHA 32
METOJIOM TEPMOXIMi4HOT 00poOKH [3,4].

3riJiHO OTO METOJY JUIS peaizallii mpolecy camosa-
WMaHHS BiTOyBA€THCS BIUIMB HA PEaKIliiiHYy 37aTHICTH Ta-
JIUBA, M0 3abe3meuye psij rmepeBar: HalOiIbITy MBHIKICT
MIPOIIECY; HAWMEHIITY 3aJIe)KHICTh BiJl AKOCTI TAJINBA; BHCO-
Ky IIBUJKICTh MPOTPIBY YACTOK IAJIHBA.

CrantoBaHHS MaJIMBa B PEKUMI CaMO3aliMaHHS y BUX-
POBOMY TIOTOIIi, IPH HASIBHOCTI 30H 3BOPOTHHX CTPYMEHIB,
K1 € IDKEPeTIoM TIiAMaIfOBaHHs MajauBa i cradimizamii da-
KeJTy, TO3BOJIUTh ITiIBUIIATH €(PEKTUBHICTE BUKOPUCTAHHS
OiomMacu, CTBOPEHHSM TEXHOJIOTI1 CIIAJIFOBaHHS TAJIHB, a Ha
ii OCHOBI, 1 TaJILHUKOBUX MPHUCTPOIB.
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MeTon i MeTOAMKA A0CTiIKEHD.

Jlnist TIPOBEICHHST EKCIIEPUMEHTAIbHUX JIOCTIIKEHb
M0 CHaJoBaHHIO ApiOHO (pakmiiiHOi OiomMacu y BHXpO-
BOMY IOTOLII B PeXHMi camo3aliMaHHsi Oyna moOynoBaHa
JoCiiIHa MOJenb puc.l, sika siBisie co00I0 KOaKCialbHHUH
MMaJTUBHUN COTUIOBHUH OJIOK 3 3aBUXpIoBadama, B SIKOMY
pO3TaIoBaHi ABa KaHAJIHU: 30BHINIHIA — KaHAJT OKUCITIOBaYa
4, BHYTpilIHIA — kaHan nanbHoro 3. CormnoBuil OJOK Mo-
OyZ0BaHU TakK, 110 JJO3BOJISIB OTPUMYBATH SIK 3aTOILICHHUIA,
TakK i CynmyTHil ABo(a3HUId CTPYMiHb: OKHCIIIOBAY — MaJIbHE.

B o0unBa kaHa/u 1OCTYyMae MOBITPs, a B KaHaJ Mallb-
HOTO dYepe3 IITyIep 2 3aBaHTAXKYEThCS APIOHO (pakiiiiine
TBEp/IEC NalbHE.

Ha Bxo/i kaHay MajgbHOTO MPH JOCIIKSHHI 3aKpyue-
HUX CTPYMEHIB BCTaHOBIIOETHCS 3armymnka 1. 3akpyueHHS
MAJIBHOTO 301HCHIOETHCA KITbLIEBUM CTPYMEHEM—PaBIHUKOM,
a OKHMCIIIOBAYa=JIONIaTEBUM aIlapaToM 5.

[Tonepeuni mepepiszu comen BUOpaHi BiAMIOBIIHO 110 pe-
KOMEHJIOBaHUX JUISI BUXPOBUX TAbHUKIB PEKOMEHJIAITIN:
LIBHJIKICTH BTOPUHHOTO TOBITPsl MpuiiMaeThest B 1,5 paszu
BHUIIIE IIBUAKOCTI MEPBUHHOTO 1 JOPIBHIOE B CEPEAHBOMY
30 m/cexk.

Kanan oxucmoBaya mae HacTymHUN Oe3po3MipHUI
IHTETpambHUN  TIapaMeTp KPYTiHHS, SIKAH  BHU3HAYAE
aepoIMHAMIUHI XapaKTEePUCTHUKU 3aKPYUEHHX CTPYMEHIB —
BUXpiB, n =0,385.

Kanan nanpHOro npu npoBeieHi A0CIiiB J03BOJISB OT-
pumyBaTi mapamerp kpyTku Bixn = 1,0 1o n = 3,0.

[Ipn  mocmimkeHHSX BHUKOPHCTOBYBAJIOCH JAPiOHO
(paxiiiiHe TaiIuBO POCIMHHOTO MOXOKEHHS: JTy3ra Tpo-
ca, THpca ay0a, coloMa MIIEeHHUI, KOCTpa JIbOHY Ta BiJIXOIH
Me0JICBOTO BUPOOHHUIITBA.

Jlysra mpoca mana mpupoaHi posmipu — 1,5 — 3mm,
TUpca AyOa i BigXoawm MeOIeBOTO BUPOOHHMIITBA, 8 TaKOXK

Tlonitps

Ilonips

ositpa
|
-

Puc. 1. /locniona mooens

nojpiOHeHa Jy3ra mpoca Ta KOCTpa JIbOHY B 3arajbHii
Maci mamu posMmip Bix 0 mo 0,5mMMm. YacTku cooMu Maiau
po3mip — 2-3MM.

Jocnign npoBaaniInch TNpH IIBUAKOCTI OKHCITIOBada
20M.cek. Ta mBHIKOCTI manbHOoro 10m.cek. Ilpu npomy ma-
paMeTp KPyTKH KaHally MaJbHOTO N I0piBHIOBaB 1 Ta 3.

Pe3ysabTaTn nociitKeHb.

Hocmign ropiHHS BuXpoBoro ¢akery Oiomacu To-
Kazanu (puc.2), 1m0 30HA peakiii B MOrPAaHUYHOMY IIapi
MOYMHAETHCS Y KPOMKH COIIJIa TOPIOUOTO Y BUIVISIII TOHKOT
MOBepxHi - QpoHTy momym’st. [ani Ha BifgcraHi Oinst SMm
BiJ coruta (POHT MOIyM’ sl MOTOBUIYETHCS 10 1,5 - 2mM, a
3 BigcTaHi 15 — 20MM pi3KO PO3MIUPIOETHCS, 3AIIOBHIOIOYH
MOTPAaHUYHUM 1ap.

Sk mokasanmu pe3ysbTaTH MOCHIKEHB, (Gaken apioHo
(dpakuifHOro TBEpAOro MajuBa, SIKE TOPUTH B PEKUMI ca-
MO3aliMaHHS, BIAPI3HAETHCS Bill 3SBUIAHOTO TBEPIOTIATIB-
Horo Qakeiny. B Toli yac sk KpyInHi 4aCTKH MaJiBa B 3BH-
yaiiHOMY (haKeii, B HACHiJOK 3MEHILICHHS KiJIbKOCTI KUCHIO,
HE JIOTOPSAIOTH 1 CTBOPIOIOTH TAK 3BAHUM MEXaHIYHUH Helo-
nas. B TBepronanuBHoMy Qakeii Ipu TeMIepaTypi camo3a-
HWMaHHS, XIMiYHA PeaKIlis 31 MBUIKICTIO, TKa HAOINKAETHCS
10 6e3KkiHeqHOCTi. [OpiHHS B IbOMY BHIIAJIKY BiIOyBa€ThCs
MoAiOHO Mpolecy B MaJAI0UOMy NOTpaHUYHOMY Iiapi. By-
IJIeLb YacTOK I1ajiMBa B3a€EMOJIE 3 MIOKCHIOM BYIJICLIO,
axuil auyHaye 3 GpOHTY MOIYM s, a Bij 4acTok 10 (GpoH-
Ty OUQYHIY€e OKCUA BYIIeL0. TakuM 4MHOM MO)KHA KOH-
CTaTyBaTH, 110 TBEPAE MAIMBO B CTPYMEHI BUCOKOTEMIIEpa-
TYpPHOTO Ta3y HOCIS IIiJl Yac TOPIHHSA BUCTYIIAE SIK CTPYMIiHb
ra30BOro MajuBa.

[Tokazano, 0 TpW KPYTiHHI CTPyMEHsI MajJbHOTO JO-
BKHMHA [10YaTKOBOI JUISHKH 3MEHIIY€ETHCS, IPUYOMY TOB-
HIMHA TOTPAaHUYHOTO INapy 3aJeXHTh BiJ MapameTpy
KPYTIHHS N 1 BIATIOBiTa€ PO3BUTKY 3aKPYUEHUX CTPYMEHIB—
OUTBIINM KyTOM PO3KPUTTS CTPYMEHS Ta MEHLIOI HOro
JAJIEKOOIMHICTIO YUM Yy TPSMOTOYHUX CTpyMeHiB. [Ipu
301IBIIEHH] TTapaMeTpy KPYTiHHS TOBIIWHA TOTPAaHUIHOTO
1rapy, BillIOBIAHO 30HH 3MillyBaHHs, 301bIIY€THCA.

Puc. 2. @aken nonym’sa mupcu oyoa
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e-n=0,A-n=1,+-n=3

OTpuMaHi pe3yIbTaTH TOCIHI B TAKOXK y3TOKYIOTHCS 3
pe3ynbTaramMu poooTu [5].

Ha puc. 3 mnokazaHa 3aJIe)KHICTb TOBILMHHM 30HH
3MIIIyBaHHS — MOTPAaHUYHOTO IIapy BiJ JOBKUHH
MOYATKOBOI AUISTHKH [IPY PI3HUX MapaMeTpax KpyTKHY n.

[Mpu 30inmblICHH] MapamMeTpy KPYTKH TOBIIMHA TIO-
TPAaHUYHOTO IHapy, BIATOBIMHO 30HHU 3MIITyBaHHS
30imbIryeTbes. Lle BigmoBigae ToMy, 1Mo MOTpaHUYHU 1ap
€ CHJIBHHM JDKEPEJIOM Hei30TpomnHoi TypOyJIeHTHOCTI, sfKa
csarae 40 — 60% [6].

ToBHIMHA IOTPAaHUYHOTO LIAPY 3aKPYUYEHUX CTPYMEHIB
MoOyke OyTH BH3HA4YEHa 32 BUPa30M HaBeJIeHUM B poOoTi [5].

b:(c.xl—_ml-l-_p
I-m 2

ne: p = P BITHOIIICHHS TYCTHHH CTPYMEHIB OKHUCITIO-

P>

Baya Ta MaJbHOIO:
C — IOCIiTHAN KOC(IIi€HT;
u,

u?
nepepisy.

m= BIAHOIIEHHS IIBHAKOCTEN I10YaTKOBOI'O

b, MM

0 0.5 1.0 1.5 2.0 25 X

Puc. 3. 3mina mogujunu 301U 3MIULYBAHHA

Jocminanii KoediIlieHT ¢ 3aJekuTh B TapaMeTpy
KPYTiHHS, ;IIpu TapameTpi KpyTiHHS n= 0 gopiBaioe 0,28
JUISL IPSIMOTOYHOTO CTPYMEHSI.

Ha migcraBi mpoBeieHUX  JOCIHIIPKEHb  (pakery
npiOHOMpakiiiiHOi OioMacH B y BHUXPOBOMY IOTOI B
peXHMI caMO3aliMaHHS OKHCIIOBaYa B PEXHMI Camo-
3aiiMarHs OyB CTBOpPEHHH CmociO craaroBaHHS IpiOHO-
(pakUifHOro TBEPLOro MajuBa B OCHOBY SIKOTO IOKJIAJe-
HUH METOJ TEPMOXiMIYHOT OOpOOKH MajuB.

Merton cnanroBaHHS JBOCTailHUHE. B nepmriii cranii y
KiJIbIIEBOMY BHXPOBOMY TOTOIIl CHAIIOETHCS YaCTKa IMajb-
HOTO JpiOHOAMCIIEpCHOT 6ioMacH 3 METOIO TOBEJICHHS 11 3a-
JMIIKY A0 TEMIIEPAaTypH caMmo3aiiMaHHs, CTBOPIOIOUU 30HY
migirpisy. B mpyriii cranmii 3anumox piOHOTUCTIEPCHOT
OlomMacu CaOEThCS y (pakemi B 3aKpyIEHOMY MTOTOLI OKUC-
JIOBaya.

Ha puc.4 nokasani ¢akenu pisHHX MaauB. SIK BHI-
HO, BOHM KOPOTKi Ta MHMpoKi. Ix dopma Bixmosigae
aeponrHaMIIl 3aKpyYeHNX CTPYMEHIB — BUXPOBOMY ITOTOKY.

Pesynprati anamizy XiMiYHOTO HEJOTATy IO JTOBXKHUHI
¢axeny (puc. 5) nmokazany, mo 10 60% nanuBa BUTOpsE B
MeXax TIOYaTKOBOT IIJITHKY SIK 1 B Ta30BOMY (hakelii. 3arajiom
BUTOPSIHHS TAJIMBA, KPIM KPYIHHUX YacTOK, 3aBEPIIy€EThCS
Ha Biacrani X =9 — 10. KpynHi yacTku, siKi BUHOCSATBCS 3
(hakemy 3ropsItOTh Y BUTJISAAI TpeKiB Ha BiacTani X = 30— 50
3aJIe)KHO Bif po3MipiB dacTok. Lle MmoxHa mo0pe OauuTH Ha
puc.2.

q3

0.8 \°
N
0.6 Mo
\\
0.4 o
\1\'
0.2
\la\

0 & -5 |

0 1 2 3 4 5 6 7 8 9 X

Puc. 5.3mina ximiunozo neoonaiy no 006xcuni

takeny

2

Puc. 4. @akenu piznux nanue npu napamempi Kpyminua n = 3:
1 — conoma; 2 — ny3zea npoca; 3 — dydosea mupca
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BucHoBku.

Ha migcraBi mpoBeneHUX AOCTiKEHb MOKa3aHO, IO
3aJIeKHICTh TOBILMHM MOIPAaHUYHOIO MIApy BiJl MapaMeTpy
KPYTiHHS N BIiAMOBiJa€ PO3BUTKY 3aKPYUEHUX CTPyMEHIB—
OUTBIIUM KyTOM PO3KPUTTS CTPYMCHS Ta MEHIIOI HOTO
JMANEKOOIHHICTIO UMM Yy TPSIMOTOYHUX CTpyMeHiB. [lpm
30UTBIIIEHH] TTapaMeTpy KPYTiHHS TOBITWHA TTOTPAHUIHOTO
mapy, BIANOBIITHO 30HU 3MilllyBaHHs, 30iibinyeTbes. Lle
BIJTOBiZa€ TOMY, 1[0 MOTPAHUYHUK IIAp € CHIBHHUM JKe-
pesioM Hei30TpOIHOI TYpOYJACHTHOCTI, sika csirae 40 — 60%.

CnamoBanHs JipiOHO (pakiiifiHoi Oiomacu y (akeni
MOKa3ano, IO TBEpAE MNAIWBO B CTPYMEHI BHCOKOTEM-
MepaTypHOro Ta3y HOCiS IiJ 9ac TOPiHHS BHCTYIIAE SIK
CTPYMiHb Ta30BOTO NajuBa. TOMy oOprasizamis Hpouecy
TOpiHHS y BUXPOBIiW Tedii TOBUHHA 3a0e31euyBaTH BUCOKY
SIKICTh CyMIlll YTBOPIOBaHHSI KOMIIOHEHTIB MaJiMiBa i BUCO-
Ky e(QEeKTHBHICTh 3rOpsiHHs (akeny IpiOHO (pakmiiHOT
OioMacH y BHXPOBOMY IIOTOIlI B PEXKHMi camo3aiimMaH-
Hi. lle M03BONMIIO CTBOPWTH METOJ CHANIOBAaHHA JIPiOHO
(bpakuiitHOro TBEpPAOTO MaanBa.

Merox cniantoBaHHsI AByCTaaiiiHuid. B mepuriii craxii y
KUTBIICBOMY BHXPOBOMY TOTOIl CIIATIOETHCS YacTKa Majlb-
HOTO JIpiOHOAMCIIEpCHOT OioMacH 3 METOIO JIOBEJICHHS 11 3a-
JMIIKY A0 TEeMIIepaTypyu camo3aiiMaHHs, CTBOPIOIOUU 30HY
migirpisa. B apyriét crazgii 3amumiok apidHOmMcHepcHOL
Oiomacu criamroeThesl y akeni B 3aKpydeHOMY MOTOLI OKHC-
JoBava B PEXKUMI caMo3aiiMaHHs!.

Meroz cniantoBaHHsI AByCTaaiitHuid. B mepuriit cranii y
KiJTBIIEBOMY BHUXPOBOMY IOTOIIl CITAJIFOETHCS YaCTKa IMallb-
HOTO JPiOHOTUCTIEPCHOT OioMacH 3 METOIO TOBEACHHS 11 3a-
JUILIKY A0 TEMIIEpaTypyu camo3aiiMaHHs;, CTBOPIOIOUN 30HY
migirpisa. B nmpyriii craxii 3anumok ApiOHOAMCIIEPCHOT
Oiomacu criamroeThesl y pakeni B 3aKpydeHOMY MOTOLI OKHC-
JIFOBaya B PeXKUMI caMO3aiMaHHs.

[TampHUKOBI TPUCTPOi I CIIATIOBaHHS JAPiOHO
(paxmiitHoi GiomMacu B pexuMi camo3zaiiMaHHS MOXYTb
3HAaUTH 3aCTOCYBaHHS B TEIUIOr€Heparopax CyMIMIbHUX
YCTaHOBOK MIIPUEMCTB OyIiBeIILHOT iHAYCTpii, mepepoOKu
MPOIYKTIB CUTBCHKOTO TOCIIOAAPCTBA, & TAKOXK JJISI OTajio-
BaJIbHUX KOTEJICHb CUCTEM TEINIOKOMYHEHEPro Ta MPOMHC-
JIOBUX T ATIPHEMCTB.
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Biomass, whenused as an alternative fuel, has practically
the same disadvantages as low-quality, low-reactivity coal:
the heat of combustion is low, and the moisture content
can be high (more than 60%). This greatly complicates the
process of burning it: it also requires preliminary drying
to ensure stable burning and burning of large volumes of
biomass, to cover heat.

As the experiments carried out at the ITTTF of the
National Academy of Sciences showed, the most effective
burning of fuels is in the self-ignition mode, which can be
obtained by heating the fuel to the self-ignition temperature.
And since when burning fuel in auto-ignition mode, the
burning speed is the highest (reaches infinity), then the
predominant components of the process are not kinetic, but
diffusion processes

The implementation of the process of burning finely
fractionated biomass in the self-ignition mode is the most
effective by the method of thermochemical treatment.

On the basis of the conducted studies, it is shown that
the dependence of the thickness of the boundary layer on the
twist parameter n corresponds to the development of swirling
jets - a larger opening angle of the jet and its shorter range
than that of straight jets. When the twist parameter increases,
the thickness of the boundary layer, correspondingly the
mixing zone, increases. This corresponds to the fact that
the boundary layer is a strong source of non-isotropic
turbulence, which reaches 40-60%.

Combustion of finely fractionated biomass in a torch
showed that solid fuel in a jet of high-temperature carrier
gas acts as a jet of gaseous fuel during combustion.
Therefore, the organization of the combustion process in the
eddy current should ensure a high-quality mixture of fuel

components and high combustion efficiency of the torch of
finely fractionated biomass in the eddy current in the self-
ignition mode. This made it possible to create a method of
burning finely fractionated solid fuel.

The burning method is two-stage. In the first stage, a
portion of fuel finely dispersed biomass is burned in the
annular vortex flow in order to bring its residue to the self-
ignition temperature, creating a heating zone. In the second
stage, the remainder of the finely dispersed biomass is
burned in a torch in a swirling flow of the oxidizer in the
self-ignition mode.

Built on its basis, the new technology of burning finely
fractionated biomass in self-ignition mode will allow the
creation of small-sized burner devices that can have the
same dimensions as gas burner devices.

Combustion devices for burning finely fractionated
biomass in self-ignition mode can be used in heat generators
of drying units of enterprises of the construction industry,
processing of agricultural products, as well as for heating
boiler rooms of heat and power systems and indust.
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