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AHHOTanusA. AKTya/1bHOCM®b. [lepCieKTUBHBIM TOIJIMBOM C TOYKH 3DeHHS 3KOJIOTHH SBJISIOTCA BOLOYTOJIbHbIE CYyCIIeH3HH.
MHoO)XecTBEeHHbIe HCCJIeJOBAHUS MOKa3alH, YTO NPU HUX CXKUTAHUH CYLIECTBEHHO CHIDKAIOTCS BBIGPOCHI aHTPONOTeHHBIX
ra3oB B aTMocdepy 3eMJin 110 CPaBHEHHUIO C BBIOPOCAMHU NPU CKUraHWM yris. Ho mumpokomacurtabHoe BHeJpeHHEe BOJO-
YTOJIBHBIX CYCIIeH3WH B 061Mi 6alaHC BIpaGOTKY 3HEPTHHU 3aTPYAHEHO B CBSI3M CO 3HAYUTEJIbHON 3aZIeP>KKOH MX 3aKHra-
HUS, AJIUTEJBbHOCTb KOTOPOH MOMKET JJOCTUTaTh HECKOJIBKUX JECATKOB CEKYH/[| IIPY OTHOCUTEJIBHO HU3KHUX TeMIlepaTypax
okucautens (Tg<1073 K). OgHUM K3 BO3MOXHBIX CIOCOGOB pelleHHsl JaHHOW NMpo6JieMbl SIBJISETCS NMPHMeHEeHHEe HOBBIX
TEXHOJIOTU NOATOTOBKU K CXKUTAHUIO, HAIIpUMeD, UCN0JIb30BaHUeE JO0NO0JHUTEJIbHOTO0 MUKPOBOJIHOBOI'O HarpeBa TOIJIMBA U
BBeJIeHHE B COCTAaB BOJOYTOJIbHBIX CyCIIEH3WH CIlelHaJbHBIX J00aBOK, YCKOPSIOIMX [IPOLeCcC UX 3aKUTraHUsl. BBeseHue B
COCTaB TOIIMBA TaKHUX J00ABOK MOXeT NPUBECTH K CyIleCTBEHHOMY M3MeHEHHUIO PeoJIOTUUeCKUX XapaKTepucTuk. Iless.
OnpesiesieHye CTeNeHU BJAUSHUSA KOHLIEHTpaLMU U BU/JA ApeBeCHOM [06aBKH B cOCTaBe BOJOYIOJbHON CyCleH3UH Ha peo-
JIOTUYeCKHe XapaKTepHUCTUKH Kalleslb BOJOYTOJIbHOI'O TOIUIMBA, a TaKKe BO3MOXHOCTHU CHMKEHMS NMPOJO0JKUTENbHOCTH
TepMHYeCKOH NOATOTOBKH MOCJAeJHUX IPU BO3JeHCTBMM Ha HUX MUKPOBOJIHOBOrO HarpeBa. 06sekm. BojoyrosbHas cyc-
MeH3Hsl Ha OCHOBe JIJIMHHOIIJIAMEHHOI0 3HEPTeTHYeCKOTo yTJis ¢ Jo6aBJeHHeM ONUJIOK U XBoU cocHbI (Buo-BYC). Memodsul.
JKcleprMeHTaIbHble MCCJIeJOBaHUS 10 ONpe/ie/IeHUI0 BpeMeHHbIX XapaKTepHUCTHUK 3aXKUTaHUsl BOJOYTOJIbHBIX CyCIeH3UuN
MPOBOJUJINCH C UCHOJb30BAaHUEM BbICOKOCKOPOCTHOM Bupaeokamepbl FASTCAM. CxxuraHue TOIJIMBA OCYIIECTBJISIJIOCH B
MPOTOYHOM KaMepe cropaHus, 060pyA0BaHHOW MarHeTpoHaMu JJs JonoJHUTenbHoro CBY-HarpeBa ToniuBa. JluHaMmuye-
CKasl BA3KOCTb OllpeZieisiach ¢ moMolbio BUcKo3uMeTpa Brookfield RVDV-II + Pro. Pe3yitemamel. YCTaHOBJIEHO, YTO J0-
6aBsieHre CBY-HarpeBa no3BoJfieT CyllecTBEHHO (0 15 %) yMeHbLUIUTD 3a[ePKKY 3a>KUTaHUS BOAOYTOJbHBIX CYCIeH3UN U
B10-BO0OYTO/IbHBIX CyCIeH3UH NMPU OTHOCUTEJbHO HU3KUX TeMIlepaTypax okucauTtens (673 K). B xoge akcnepuMeHTalb-
HBIX HCC/Ie[JOBaHUH NIOKa3aHo, YTO BUJ, 6MOMacChl OKa3blBaeT BJIMsHUEe Ha BpeMeHHble XapaKTePUCTHUKH 3aXKUTaHUs TOIIUB
NpU TeMIepaType BHelllHel cpeAbl Ao 753 K, npu jaibHelllleM NOBBIIIEHUH TeMIlepaTypbl OKUCJAUTENS BUJ, A0OaBKU He
OKa3blBaeT 3HAYMMOro0 BJMsHUA. [lokasaHo, 4TO NpU HCCIeA0BaHUU Pe0JOrMiYecKUX XapaKTepUCTHUK BOJOYTOJIbHBIX CyC-
NMeH3Uld JAMHaMUYecKasl BA3KOCTb BHO-BOJOYrOJIbHBIX CyCNleH3WH He BBIXOAMT 33 INpejiesibl XapaKTepPHOro 3HadyeHus
1200 Ia-c mpu ckopoctu caBura 100 06/MUH NIpU BBeIeHUH B BOJOYTOJIbHbBIE CYCIIeH3UH He Gosiee 2 % ONUJIOK COCHBI M He
6osiee 6 % XBOU COCHBI.

KioueBble cioBa: BOJOyroJibHas CyCIleH3Hud, MHKpOBOJ’IHOBOI‘/’I Harpes, 3KCIIepUMEHTaJIbHble HCCJI€LOBaHUSA, 3aJepiKKa
3aXKHUTIr'aHUd, JHHaMHW4YeCKad BA3KOCTb
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Abstract. Relevance. A promising fuel from an environmental point of view is coal-water suspensions. Multiple studies have
shown that when they are burned, emissions of anthropogenic gases into the Earth's atmosphere are significantly reduced
compared to emissions from coal burning. But the large-scale introduction of coal-water suspensions into the overall balance
of energy production is difficult due to a significant delay in their ignition, which can reach several tens of seconds at relative-
ly low oxidizer temperatures (Tg<1073 K). One of the possible ways to solve this problem is the use of new technologies for
preparation for combustion, for example, the use of additional microwave heating of fuel and the introduction of special addi-
tives into the composition of coal-water suspensions, which accelerate their ignition. The introduction of such additives into
the fuel composition can lead to a significant change in the rheological characteristics. Aim. To determine the degree of im-
pact of the concentration and type of wood additive in the composition of the coal-water suspension on the rheological cha-
racteristics of droplets of coal-water fuel, as well as the possibility of reducing the duration of thermal preparation of the lat-
ter when exposed to microwave heating. Object. Water-coal suspension based on long-flame thermal coal and on long-flame
thermal coal with the addition of sawdust and pine needles (Bio-water-coal suspension). Methods. Experimental studies to
determine the time characteristics of water-coal suspension ignition were carried out using a high-speed video camera
FASTCAM. Fuel combustion was carried out in a flow-through combustion chamber equipped with magnetrons for additional
microwave heating of the fuel. Dynamic viscosity was determined using a Brookfield RVDV-II + Pro viscometer. Results. It has
been established that the addition of microwave heating can significantly (up to 15%) reduce the ignition delay of water-coal
suspension and Bio-water-coal suspension at relatively low oxidizer temperatures (673 K). Experimental studies shown that
the type of biomass affects the time characteristics of fuel ignition at ambient temperatures up to 753 K; with a further in-
crease in the temperature of the oxidizer, the type of additive does not have a significant effect. It is shown that when study-
ing the rheological characteristics of the water-coal suspension, the dynamic viscosity of Bio-water-coal suspension does not
go beyond the characteristic value of 1200 Pa‘s at a shear rate of 100 rpm when no more than 2% of pine sawdust and no
more than 6% of pine needles are introduced into the water-coal suspension.
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BBegenne JIpeBecHO Omomaccel B cocrtaB BYC mpuBomut k

Hawnbounee pacripocTpaHeHHBIM TOIUIMBOM JUISl TEI-  CHIDKEHHMIO BBIOPOCOB OKCHIOB YIJIEPOJA, a30Ta M Ce-
T0BBIX 3nekTprueckux cranuuii (TOC) ocraercst yroms  psl o cpaBHernto ¢ BYC 6e3 mo6aBok. OTX0IbI jI€Co-
[1]. Ero cxuranue conmpoBOXKIAeTCs BBEIOpOCAMH, aK-  3arOTOBHTENIBLHBIX MPEANPUATHI (OMUIKH, KPOHA, KOpa
TUBHO 3arps3HAIOLIMMU OKPYXKAaIOIIyH cpely (TBep-  u Ap.), He MMEIOIINe [IEHHOCTH, IPAKTHYSCKH HE Tepe-
JIbIC YACTHILBI, OKCHJBI a30Ta M CEphl, JUOKCHJ yIjie-  pabaThIBAIOTCA W XPaHATCS B OTBajJax HA OTKPBHITOH
poma u ap. [2]). MecTHOCTH [10]. [locnenHee NpUBOIUT K BBIAECIECHUIO B

IlepcneKTUBHON TEXHOIOTUEH CKUTaHMS YITsl CUU-  OKPYIXKAMOIIYIO CPely IMaPHUKOBBIX ra30B (HAmpumep,
TAeTCsl CXKUTAaHHE IIOCIEIHEr0 B COCTaBE OPraHO-  MeTaHa) BCIAEACTBHE THHEHHS OTX0m0B. Kpome Toro,
BOJIOYTOJIBHBIX, OMO-BOJIOYTOJBHBIX M BOJNOYTOJBHBIX  TAaKO€ XpaHEHHE HEPEAKO HPUBOINT K BOSHHMKHOBEHHUIO
cycnensuit (BYC) [3-6]. YcTaHOBIEHO, UTO IPH CXU-  MOXkKApOB. VICHoONb30BaHUE OTXOOB JiecomepepadoTKu
TaHUU TIOCICIHHUX, 110 CPABHEHUIO CO CXKHTAaHUEM M JecommieHus B coctaBe BYC okakeT OiarompusT-
YTOJBHOTO TOIIIMBA CYIIECTBEHHO CHIDKAIOTCA BBIOPO-  HOE BO3JCUCTBHEC HA OKPYKAIONIYIO CPEIy W CHHU3UT
Cbl AHTPOINOIEHHBIX ra3oB, TAKUX KaK OKCUIBI a30Ta U OMAaCHOCTh BO3HUKHOBEHUS IMOYKApOB BOJU3HU JieCOIe-
ceprl [7-9]. Taxke ObUIO MOKa3aHO, YTO NOOABICHUE pepabarbiBaronmMx Opeanpusithii. CTOMMOCTh TaKHX
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nobaBok B BYC Oynmer ompenensiTbCsl 3aTpaTaMd Ha
cO0p U TPaHCTIOPTUPOBKY.

3aMelleHue 4yacTu YrOJIbHOTO TOIUIMBA PacTUTEINb-
HOM KOMIIOHEHTOH BeIeT K CHHXEHHIO TEIUIOTHI Cro-
paHus Takoro TomuBa. [103ToMy KOHLIEHTpaLus yCKO-
pAroIIel Tpoliece 3aXHWraHWs J00aBKW (IpeBecHOU
o6uomaccel) [11] nomkHa OBITH TakoM, YTOOBI oOecre-
YUTh HEOOXOJMMOE CHIDKCHHME MPOJODKUTEIBHOCTH
TEPMHUUYECKOH MOJATOTOBKH TOIUIMBA, HO B TO K€ BpPEeMs
HE OKasbIBaJla Obl CYIIECTBEHHOI'O BIUSHUS Ha CHIDKE-
HHUE PHEPreTUYECKUX XapaKTEPUCTHK BBICOKO 00BOA-
HéHHOrO TorumBa. B [10] mokaszaHo, 4To jJo0aBieHUE
o6moMaccel B coctaB BYC 10 6 % Bener K CHIKEHHIO
TEIJIOTBOPHOM cIOcOOHOCTH MeHee 4eM Ha 5 %, HO
MIPUBOJIUT K CHIDKCHHMIO MEPHOJIa TEPMHUYECKOI OATO-
toBku Ha 20-30 %.

B BYC conepxanue BOAbl BapbUpyeTCs B Juana-
3oHe oT 40 m0 60 % [12]. Beicokas 0OBOAHEHHOCTH
TOIJIMBA TNPHUBOJUT K CYLIECTBEHHOMY YBEIMUYEHHUIO
MPOJOJKUTENIBHOCTH WHAYKUMOHHOrOo nepuona. s
KpPYIHBIX Kamenb (XapakTepHbId pasMep =3 MM) 3a-
Jep)KKa 32)KUT'aHUST MOXKET COCTABIATh HECKOJIBKO Jie-
CATKOB CEKYHJ] IPU OTHOCUTEIbHO HU3KHUX TeMIlepary-
pax oxucnutensHoi cpenst [13]. TpaguunonHsie cro-
co0b1 cxxurannsa BYC cBsizaHBI C pAIOM ONpeReicH-
HBIX TEXHOJOTHYECKUX TpymHocTel. Tpebyercs cyiie-
CTBEHHass MOJAEPHU3AIMS CHCTEMbl TOIUTUBONOAUH
(TepeBoX ¢ TBEPIOrO TOIUIMBA HA JKUAKOE), OCIOXKHS-
eTcsl paboTa TOMOYHO-TOPEIOYHOr0 KOMITIeKca (B CBS-
3M C HAJIMYUEM JOCTATOYHOTO OOJIBIIOro 00beMa BOJbI
B TOIUIMBE CYIIECTBEHHO BO3PACTACT 3aJACPXKKa 3aXkU-
raHusg TakUX TOIUIUB (MOXXET COCTaBISATb HECKOJBKO
JeCATKOB cekyHn)). B pabote [14] moka3aHo, 4To mpu
cxurannu BYC B xotne TII-35 anuna ¢akena yBenu-
yyBajach B 3—4 pas3a, 10 CPAaBHEHMIO CO CIKUT'AHUEM
YronbHOW NbIIM. IIpoaoyKUTENBHBIN Mpolecc BOC-
MJJaMEHEHUS TPUBOAUT K YMEHBIICHUIO TEMIIEpaTyphl
¢dakema Ha 200-300 K m yXyAmeHHIo BBITOpaHUS
yronpHbIX "dactul, BYT (cremens BbITOpanus Oblia
Hwke 83 % [14]), NOBBIICHUIO TEMIIEPATYPHI JBIMO-
BBIX Ta30B (Ha 2—5 % BHIIIE, YeM NIPH TOPEHUH YITIST) U
COBOKYITHOMY YBEITHYCHHIO TETIOBBIX TOTEPH [ 14].

Hcnonb3oBanne BYC B HacTosiee Bpemsl COmpo-
BOXKIAETCS BBICOKUMH 3KCIUTyaTallMOHHBIMHU 3aTpaTa-
MM B CBSI3HM C YeM BcTpewaeTcs kpaiiHe peako. Ha ce-
TOAHAIIHUI JIEHb PSIIOM HccilefoBaTenei mpeanoxe-
HBI pa3IuyuHbIe cIocoOb! cxuranus BYC, nanpumep, B
LUKIOHHBIX TONKaX. JlIMTenbHOE HAaXOXKICHUE KaIUTh
TOIJIMBA B TOIMOYHOM IPOCTPAHCTBE KOTJIA MO3BOJIAET
obecrieunTh ee MoJHOoe cropaHue. [IpyruM crnocoOoM,
nmo3BoJstonM 3G deKkTHBHO cxurath BYC, sBisercs
WX TIOACBETKa Ooliee PEaKIHMOHHBIM  TOILTHBOM
(HampuMep, ra3oM WIN AW3ENbHBIM ToIuuBOM). K He-
JOCTaTKaM JIaHHOI'O0 METOJa MOXKHO OTHECTH HecTa-
OWIBHOCTh TOPEHHS MHUIMUPYEMOTO TOIUINBA, & TaK-
e 3HAUUTENIbHO 0olee CIOXKHYI CHCTEMY YIpaBie-
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HUS KOTeNbHBIM arperatoM [14]. IlepcieKTUBHBIM Me-
TOJIOM, TIO3BOJISIFOIIMM WHTCHCU(UIIUPOBATH MPOIIECC
saxuranuss BYC 0e3 cyliecTBeHHOH MOJIepHU3AINU
TOIIOYHOTO MPOCTPAHCTBA, MOXHO CUUTATh J100aBIICHHUE
MHUKPOBOJHOBOTO HAarpeBa, BO3JIEHCTBYIOLIETO Ha BOAY
B coctaBe BYC. M0OXHO MpeoioKuTh, 4To 100aBiIe-
aue CBY-mnydenus [15] Oyzer crmocoOCTBOBATh WH-
TeHcu(ukanuu npouecca 3axuranua BYC. Crout oT-
METHUTh, YTO HA CETOJHSIIHHUN JICHb HEJIOCTATOYHO HC-
CJIeZIOBaHUH, MOCBAIIEHHBIX JaHHOH TeMaTHKe.

OxnuMm u3 npeumymiects BYC sapnsieTcs To, 4TO ee
MOXXHO TPaHCIIOPTUPOBATh TPYOOTPOBOJHBIM TpaHC-
noptoM. Junamudeckas Bs3kocth (1) BYC ompenens-
€T BO3MOXKHOCTh €€ TepeKauk Mo TpyOompoBogaM U
OKa3bIBACT CYIISCTBCHHOE BJIMSHUE HAa KOHCTPYKTHB-
HbI€ XapaKTEpUCTUKH CHUCTEM TOIUIMBOINOAAYM U pac-
MBUICHUST TOIUIMBA B TONOYHBIX MPOCTPAHCTBAaX KO-
TEJbHBIX arperaTos.

Beenenue B cocraB BYC jpeBecHoit Gmomacchl
MOJKET OKa3aTh BJIMSHUE Ha BSI3KOCTb JKUAKOTO TOIUIH-
Ba. Ha ceromnsmHui AeHb HEe Tak MHOro pabot, mo-
CBAIICHHBIX BOPOCAaM BIUSHHS BHJIA U KOHIICHTPALIUU
npeBecHOi Omomacchl B coctraBe BYC Ha peomoruye-
CKHE XapaKTePUCTUKU TOIUIMBA. B oTOM CBA3M sIBIIsAET-
Csl aKTyallbHBIM OIpEICTICHUE PEOJIOTHYECKUX Xapak-
TEPUCTUK UCCIIEAYEMOI0 KOMIIO3UTHOI'O TOIUIMBA.

Henbto qanHON pabOTHI ABIAETCS ONPEAEIeHHE BIIH-
SIHUSI KOHIICHTPAIlM W BUJIA JAPEBECHOU J00aBKU B CO-
craBe BYC Ha peonornueckve xapakTepUCTUKH Karelb
TOIUJIMBA, @ TAKXKe BO3MOXKHOCTH CHIDKEHHS MPOIOIIKH-
TEJIBHOCTH TEPMUYECKOW TMOATOTOBKM TOIUIMBA MpHU
BO3/I€HCTBUM MUKPOBOJIHOBOI'O HarpeBa Ha TOILIMBO.

MeToauKa NOATOTOBKY TOIJIUBA

B kauecTtBe OCHOBHOIO KOMIIOHEHTA TOIUIMBA MC-
MOJIB30BAJICSA TUIMYHBIA SHEPreTUUECKUNA YTOJIb MapKH
[ (amuHHOTUIAMEHHBIH, JIMCTBIHCKOTO MECTOPOXKIC-
Husi HoBocuOupckoii 00i1.). B kauectBe yckopsromeit
MpoLecC 3aKUTaHusd N00aBKU NPUMEHSIUCHh OTXOMbI
necornepepaboTKu U JIECONMMIICHUS (OMUIKH COCHBI U
xBosi cocHbl). Ha Teppuropun Tomckoi obmactu, 1mo
OILICHKaM CIIEIHAINCTOB, 3aIachkl APEBECHHBI (COCHBI)
OLIeHUBAIOTCS B 28,8 % OT BCEX JIECOMOKPBITBHIX TEPPH-
topuii. Takum oOpa3oM, 3amachl PaCTUTEILHOW KOM-
MOHEHTHI, KOTOpas MOTEHLIHUAIbHO MOXXET HCII0JIb30-
BaThCA U1 WHTECHCH(UKAIIMK TpOLECcca 3a)KHTaHUs
BOJIOYTOJILHOTO TOIUIMBA, BECHbMa BEJIHKH.

Jst mpuroroBnenust BYC ornensHO moaroraBin-
BaJICh YroJib U OMoMacca (OTUIKU U XBOSI COCHBI).

[MoaroroBka yris HEOOXOAUMOUW (pakiuu MPOXO-
JTJTa CIISIYIONIM 00pa3oM:
KyCKOBOH yroiib pazmepoM 10—15 cm u3menbuancs
B IICKOBOH JIpOOHIIKE 10 pa3MepoB 2—3 MM;
MOJyYMBIIAsAcS (Ppakmus IOCTymana B IIAPOBYIO
MeJbHHUILY, TA€ APOOMIACh 0 MBUIEBUAHOTO COCTO-
STHUS,
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e Jajyiee yroJyibHas MbUIb HANpaBisUIach B BUOPOCHUTO,
IJie IpoceuBajach yepes s4eiky pazmMepoM 90 MKM.
[TpoceB mcmonB30BaNCS IS HMPUTOTOBICHHUS CYC-
TICH3H, a YToJbHAas MBLIb, Pa3Mep KOTOPOH IMpeBhIIIall
90 MKM, HalIpaBJsUIach Ha IOBTOPHOE U3MEJIbUEHUE.
[peBecHas Omomacca TakXKe ITOATOTABIMBAJIACh B
HECKOJBKO CTaJINi:
Ha HaydaJbHOM 3Talle OCYLIeCTBISUIaCh CYIIKa Mac-
cel B cynmmiibHOM 1mkady CVY 32 npu Temmeparype
376 K B Teuenne 2 4acoB, B KOHIIE MPOIIECCa CYIIKH
BJIQKHOCTh JIPEBECHON OMOMacchl cocTaBisia
=5 %);
CIICAYIOIIUM TEXHOJIOTHYSCKUM J3TAalloM OBLIO W3-
MeJIbYeHHEe OMOMacchl U €€ NPOCEB uepe3 CHUTO C
staeikoit 90 mxm [16].
[locne MONrOTOBKM KOMITOHEHTOB TOILTHBA OCY-
HIECTBJISUIOCh UX CMEIIEHHE B TOMOTEHH3aTope C 3a-
JAHHBIMH MAacCOBBIMH KOHIICHTPAILIUSMH, TPUBEICH-
HBIMH B Tabmmie. M3mepeHme Macchl KOMITOHEHTOB
MPOBOIMIOCH TIpH Tomoru BecoB aczet CY-1003 [17]
¢ TouHocThio m3mepenuii 0,001 r.

Ta6auya. Cocmas uccaedyemvix monaug
Table. Composition of the studied fuels
Yrons I, % Tun CozepxxaHue Boga,
6MOMaCChl 6uomacchel, % %
Long-flame . .
coal. % Biomass Biomass Water,
’ type concentration, % %
50 - -
48 Onuaku 2
46 COCHbI 4
Pine
44 sawdust 6 .
48 2
XBOSI COCHbI
46 Pine needles 4
44 6

MeToAUKYU NPOBEAEHUSA IKCIEPUMEHTOB

DKCMepUMEHTAIbHBIE HCCIICJIOBAHUS TPOBOIUINCH
Ha HECKOJIbKMX OJKCIMEPUMEHTaNbHBIX cTeHmaax. Jlims
ompeJieNieHns TuHaMu4eckoi Bsa3kocTH BYC ucnonb-
30BaJICSl 3KCIIEPUMEHTAIbHBIN CTEHJ], IPUBEICHHBIN Ha
puc. 1. VccnenoBanwusi IpOBOAMINCH B COOTBETCTBUU C
MeToaukoii [18].

OnpeneneHne THHAMHYECKOW BSI3KOCTH OCYLIECTB-
nsutock Ha BHcko3uMetpe Brookfield RVDV-II + Pro.
[InmuHAEns BHCKO3UMETPA TIOTPYXKAIH B MPO3PAYHYIO
CTEKJIIHHYIO €MKOCTb, 3anojHennyro BYC. Hccneno-
BaHUS TPOBOJIMIIN TIPU PA3TIMYHBIX CKOPOCTSIX C/IBHTA.

Ha BTOpoM »3Tame wHcCClenoBaHU ONpenessiach
OJIHAa U3 OCHOBHBIX XapaKTEPUCTHK JIFOOOTO TOTUINBA —
BpeMsI TEPMHUYECKON TMOJTOTOBKH (3aJiepiKKa 3a)KUTa-
HuA) (tign). Ha puc. 2 mpexncTaBneH sKkcnepHMMeHTallb-
HBII CTEHJ| 1O OIPEACIICHUI0 BPEMEHHBIX XapaKTEpH-
cTuk 3axuranusi BYC B yclnoBHUsIX CIOXKHOTO pajaua-
[IMOHHO-KOHBEKTUBHOTO MHKPOBOJHOBOTO Harpesa.
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Oxucnutenb (KUCIOPOI BO3IyXa) HATPEBAJICS B BBICO-
KOTEMIIEpaTypHOil leuu B nuanasoHe ot 673 po 783 K
W Jajiee TOAaBalCs B KaMepy CropaHus — 3 KoMIpec-
copoM — 1. Karmis TormmBa — 5 BBOIMIIACh B HATPETYIO
JI0 BBICOKHX TEMIIEPATyp OKHCIHTENBHYIO Cpeay IpH
TTOMOIIY TIOJIBIKHOTO MexaHn3ma — 4. B BepxHel ua-
CTH KaMephl CrOpaHHs YCTaHOBICHBI YETHIpe MarHe-
TpoHa — 6 TaKUM 00pa3oM, YTOOBI UX BO3AEHCTBHUE ObI-
JI0O HANpaBJICHO Ha IEHTPAILHYI 4YacTh KaMephbl CTo-
paHus, Kyga BBOMMIACH Karwisl TorutuBa. [Ipormeccs
TEPMHUYECKON TOATOTOBKA U 3Q)KUTAHHS PETHCTPUPO-
BaJla BRICOKOCKOPOCTHAas Bujeokamepa — 7. Bpemenem
3a/iepiKKH 3axkuranus (lign) cuurancs nepuoj oT Hava-
Ja TEIUIOBOrO BO3ACHCTBHA (HOMANaHWE YaCTHIBI B
(oKyc KaMepbl) 0 MEPBBIX 0YaroB TOpeHHUs (TOsBIIe-
HUS CBETSIIUXCS 00JIACTEH) UCCIIeyeMOTo TOILINBA.

IKcnepuMeHmMabHas yCMAaHo8KA NO U3MEPEHUI0
duHamuueckoli esizkocmu BYC (1 - pomayuonHbliii
guckosumemp; 2 - wnuHdeaws; 3 - yuauHopuveckuil
cmek/sIHHbILU cocyd ¢ uccaedyemoli cycneHsuell; 4 -
Buo-BY()

Experimental setup for measuring the dynamic vis-
cosity of a coal-water suspension (CWS) (1 - rota-
tional viscometer; 2 - spindle; 3 - cylindrical glass
vessel with the suspension under study; 4 - Bio-CWS)

Fig. 1.

[Ipy mmaHWpOBaHWM W TPOBEACHUU DKCICPUMCH-
TaJbHBIX HUCCIICJOBAaHUN 0c000C BHHUMAaHHUE YJENSIOCH
y4eTy pa3jMyHOro poja momMex W omubok. B yactHO-
CTH, JIJISl K&XKJIOTO COCTaBa TOIUIMBA MPOBOJIMIH CEPHIO
He MeHee yeM 13 N=10 ombITOB.
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Cxema  3KCnepuMeHMa/nbHO20 cmeHda no
onpede/sieHUl0 BpeMeHHbIX Xxapakmepucmuk: 1 -
Komnpeccop; 2 - 8bICOKOmeMnepamypHas neus; 3 —
Kamepa czopaHusi; 4 — depyicamens; 5 - kanaa BYC;
6 — mMazHempoHbl (4 wm); 7 — 8bICOKOCKOPOCMHAS
sudeokamepa

Scheme of the experimental stand for determining
time characteristics: 1 - compressor; 2 - high-
temperature furnace; 3 - combustion chamber; 4 -
holder; 5 - CWS drop; 6 - magnetrons (4 pcs.); 7 -
high-speed video camera

Fig. 2.

YCTaHOBIIEHO, YTO MOTPENIHOCTh CEPUU HM3MEPEHHN
3a/IeP)KKU 3aKUTaHUS TIPH TOBEPUTEIBFHON BEPOSITHOCTH
0=0,95 ne npepbimana 13,1 %, ans qUHAMAYECKON BA3-
KOCTH TOTPEIIHOCTb cocTaBisa 7,4 % mpu JOBEpUTEIIb-
Hoit BeposTHOcTH 0,95. Meronuka o0paboTKU SKCIIEpH-
MEHTaIIbHBIX UCCIICA0BaHMIA TOIPOOHO omrcaHa B [19].

Pe3y ibTaThl 3KCIEPUMEHTA/IbHBIX UCCIEJ0BAHUA

Ha puc. 3 mpuBeneHBl 3HAYCHUS AWHAMHUYICCKOM
BA3KOCTHU NPU Pa3IMYHBIX CKOPOCTSIX CIABHUTra UCCIETY-
€MBIX TOIUIUB.

AHanmu3 3aBHCUMOCTEH, IPUBEICHHBIX Ha pHC. 3, &,
moKasai, 4yto no0aBjieHue Jaxe 2 % XBOM COCHBI IPHU-
BOIUT K YBEIWYCHHIO BS3KOCTH IPAKTHYECKH B JIBa
pas3a 1o CpaBHEHHIO C BOIOYTONBHBIM TOIUTHBOM 0e3
BBEJICHUSI B CTPYKTYpy ToIuluBa Ouomaccel. JlobaBie-
Hue 4 % (mo macce) 6uomaccel B BYC mpuBoaut k
YBEJIMYEHUIO BA3KOCTH B 3,2 pasa, npu 6 % — nouTH B
4 pasza. Ha puc. 3, b npuBeneHbl 3aBUCMMOCTH JHHA-
MHUUECKON BSI3KOCTH IIPH pasHbIX CKOPOCTSX CIBUra
st BYC u buo-BYC ¢ no6aBiieHreM OIUIIOK COCHEI.

Hoxkazano [18], 4To mpu BeTUYMHE AUHAMUYECKOH
Bsa3kocTu MeHee 1200 Ilac (mpu ckopocTu caBsura
100 06/MuH) CyCIIEH3HIO MOXHO PACHbUISTH B TOIOY-
HOE IIPOCTPAHCTBO KOTEIHHOTO arperata ¢ MUHHMAb-
HOU BEpOATHOCTBIO 3aKyNOPUBAHUS TOILIMBHBEIX (op-
CYHOK W MHUHHMH3UPOBAThH 3aTPaThl PHEPIHU HA IIPO-
Ka4Ky TOIUTHBa 1o TpyOompoBoxam. Ha pmuc. 4 mpuse-
JICHbI 3HAUeHMs AUHAMUYECKOW BSI3KOCTH MPU CKOPO-
ctu casura 100 06/MuH.

AHanmu3 puc. 4 mokasain, 4To JIJIsl COCTaBOB TOTUIMBA
¢ nmobaBiieHHMEM XBOH COCHBI IIOKa3aHUS BSI3KOCTH
HaxoJsaTca Hibke mnoporooro 3HaueHus 1200 Ila-c.
MOXHO OTMETHTB, YTO NPH MAaKCHUMAaJIbHOM COJEpiKa-
HUU OMoMacchl (XBoM COCHBI) 6 % uMeeTcs 3amac 10
MIOPOTOBOT0O 3HAYECHUS IPAKTUYECKH B J]BA Pa3a.

3500
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b A COCHEI , 50% BoOIa
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.
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Fig. 3.

position (a - pine needles, b - pine sawdust)

Dependences of the dynamic viscosity of CWS on shear rates at various mass concentrations of biomass in the fuel com-
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Puc. 4. 3HaueHue duHamu4eckoll 8a3kocmu npu ckopocmu
cdsuza 100 06/muH das cocmasos BYC: 1 - 50 %
80da/50% yzonv; 2 - 50 % eoda/2 % onuiaku
cocHbl/48 % yeonv; 3 - 50 % eoda/2 % xeos
cocHbl/48 % yeonv; 4 - 50 % eoda/4 % xeos
cocHbl/46 % yeonb; 5- 50 % eoda/6 % xeos
cocHbl/44 % yzonb; 6 - 50 % eoda/4 % onuiaku
cocHbl/46 % yzonv; 7 - 50 % eoda/6 % onuiaku
cocHbl/44 % yz2ob

Value of dynamic viscosity at a shear rate of 100 rpm
for CWS compositions: 1 - 50% water/50% coal; 2 -
50% water/2% pine sawdust/48% coal; 3 - 50%
water/2% pine needles/48% coal; 4 - 50% wa-
ter/4% pine needles/46% coal; 5 - 50% water/6%
pine needles/44% coal; 6 - 50% water/4% pine
sawdust/46% coal; 7 - 50% water/6% pine saw-
dust/44% coal

Fig. 4.

B oT0}i CBA3M MOXKHO C YBEPEHHOCTBIO CKa3aThb, YTO
JambHEHIIee yBeIHYCHNEe KOHIIEHTPAUH XBOM COCHEI
BO3MOXHO. [loO6aBieHue OMMIOK (Jaxke NMPH OTHOCH-
TEJBHO MaJIbIX MAacCOBBIX KOHIEHTpanusx (4 % u 60-
1ee)) B COCTaB TOIUIMBHOW CMECH MPUBOAWT K 3HAYH-
MOMY TMOBBIIICHUIO JUHAMUYECKOH BsA3KocTH (Ooiee
1200 ITa-c) 6uo-BogoyroiapHOro KoMmmnosuta. Ilocmen-
Hee OOYCIIOBJIGHO BBICOKOW aJICOPOIIMOHHOHN CIoco0-
HOCTBIO JPEBECHHBI. AHaJIH3 3KCIEPUMEHTAIbHBIX
JaHHBIX, MPUBCACHHBIX Ha pPHUC. 4, IIOKa3bIBACT, YTO
conepkanue 6uomaccel B bro-BYC 4 u 6 % (mo mac-
c€) MPUBOJUT K HKCHOHEHIMAIBHOMY POCTY BS3KOCTH
ToruMBa. Takoe M3MEHEHHE TUHAMUYECKOW BSI3KOCTHU
BVYC oxkaxer cymecTBeHHOE BJIHMSHHE HAa XapaKTepH-
CTHKH €€ paclblUIeHUs], TPaHCIIOPTUPOBKY U XpaHEHHE.
COOTBETCTBEHHO, MOXKHO CKa3aTh, YTO IS CTAOMIIHHO-
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TO pachbUICHHs] BOJOYTOJLHOTO TOIUTUBA B TOMKAX
KOTJIOB HEOOXOJMMO CO3aHHE HOBBIX BHIOB CIIPHH-
KIepHbIX cucteMm [20] wnM W3MEHEHHWE TEXHOJOTHH
CKHUTaHMUsI TaKUX BBICOKOBSA3KHX TOILIUB, HampuMep,
cxuraane BYC c¢ comepkaHneM ApEeBECHBIX OIMIIOK
BbIILE 2 % B IUPKYJIUPYIOLIEM KUIALIeM cioe. Mcxoas
W3 BBIIEU3JIOKEHHOT0, JallbHEHIINe 3KCIepUMEH-
TaJbHBIE UCCIIEIOBAHUS 110 U3YYCHUIO 3aJICPKKHU 3aKH-
ranus BYC nmpoBoauiKchk ¢ KOHIIEHTpaIied OnomMacchl
2 %.

Ha puc. 5 npexncraBneHa TunuuHas BUAEOTpaMMa
mporieccoB  3akuranus kanenb BYC 06e3 CBU-
uznyyeHus (puc. 5, a, ¢) ¥ 1MoJ BO3AEUCTBUEM MHUKPO-
BOJHOBOrO Harpesa (puc. 5, b, d). IIporecc Tepmude-
CKOM ITOJTOTOBKH TOIUTHBA MOKHO YCIIOBHO Pa3/ICNTh
Ha HECKOJIbKO TIOCIIEIOBATENBHBIX CTaani. B Hadamb-
HBIi MOMEHT BpeMeHHU Kaap | XapakTepusyeT Hauaio
TEIJIOBOTO  BO3ACUCTBHS, IIPOUCXOJUT HHEPTHBIN
HarpeB KaIuld TOIUIMBA, KOTOPBIH HHUIMHUPYET IIPO-
Lecc ucrnapeHus Biard. Jlanee Biiara HauMHAeT HCIa-
PATHCSI, U TOILIMBO HM3MEHSET CBOIO TEKCTypy ¢ Oue-
cramed Ha MmatoByro (kamap Il), oOpasyercs TBepablit
YIJIEpOIUCTBIN Kapkac. 3a KaIp BOCIUIAMEHEHHUS da-
crunel BYT ¢ BpemeneM tig, IpuHHMMAnCs MOMEHT
Hayala CBETHMMOCTH YaCTHUIbI, TPEBBIMIAIONICH CBETH-
MocTh kamepbl cropanus (xazap ). Crout ormeturs,
YTO 3)KUTaHUE, KaK MPABHIIO, TPOUCXOIUT Ha TIOBEPX-
Hoctu yacturpl. Kamp IV xapakrepusyer paszBuToe
ropenue yactuupl BYC. C MmoMeHTa 3akuranus (kazup
I11) mo pa3sutoro ropenus (xkaap 1V) nns buo-BYC ¢
00aBICHAEM OMIIOK COCHBI IMPOXOIUT ITOYTH CTOJb-
KO ke BpeMeHH, uTo U uid BYC ¢ nobaBneHueM XBou
COCHBI TpH Bcex BuAax HarpeBa. (CienoBaTeibHO,
MOJXKHO CJIeNIaTh BBIBOJI, YTO BHJ OMOMAcChl B COCTaBe
BYC He BiusieT Ha BpeMs MOJHOTO OXBaTa IJIaMEHEM
kanens buo-BYC mpu Temneparype oOkpysxarormeit
cpensl T=673 K.

Ha puc. 6 mpencTaBineHbl 3aBUCHMOCTH 3alICPKKH
saxuranus (tigy) BYC ¢ nobGaBnenmem B MX coOCTaB
ONMJIOK M XBOM COCHBI B YCIIOBHUSIX DaJUallMOHHO-
KOHBEKTHBHOTO W PagHallHOHHO-KOHBEKTHBHOTO MHUK-
POBOJIHOBOT'O HAIPEBOB.

Xoporo BUIHO, uTo jgobaenenne CBY-uznydyeHus
CHIDKAeT MPONOJDKUTEIFHOCTh TEPMHUYECKOH MOATO-
toBkH yactuly BYC u buo-BYC mst Bcero uccienye-
MOro Juama3oHa Temnepatyp. [Ipu oTHocuTenbHO
HU3KUX TemriepaTtypax okuciurens (673 K) puumsane
MHUKPOBOJIHOBOI'O HarpeBa MakcUMalbHO. BBenenue B
coctaB BYC 2 % no6aBok OMOMAcChl YCKOpSIET Mpo-
Iecc 3akuraHus dactul, TorumBa 0e3 CBU-narpesa
JUTSL Karesb TOIUIMBa ¢ XBoel cocHbl Ha 17 %, a yacTuil
¢ no0aBiiecHUEM OMWIOK COCHBI Ha 2 7% MpU OTHOCH-
TEJNFHO HU3KHUX TEMIIepaTypax BHEIIHEH Cpelbl.
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Puc. 5.

Fig. 5.
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24240

Kadpvl munuyHoli eudeozpammel npoyecca eocnaameHeHus BYC c¢ dobaeseHuem OdpesecHoli 6uomaccwl npu
memnepamype 673 K: a) BYC c do6asaenuem cocHul xgou 6e3 CBY; b) BYC c dob6assieHuem cocHbl xeou ¢ CBY; ¢) BYC ¢
dobasaeHuem cocHbl onusiok 6e3 CBY; d) BYC c dobasaenuem cocHbl onuaok ¢ CBY

Frames of a typical videogram of CWS ignition with woody biomass addition at a temperature of 673 K: a) CWS with
the addition of pine needles without microwave; b) CWS with the addition of pine needles with microwave; c) CWS with
the addition of pine sawdust without microwave; d) CWS with the addition of pine sawdust with microwave
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Fig. 6.
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3asucumocmu 3a0epiHcKu 3aicu2aHus
BYC om memnepamypul okucaumens-
Holi cpedsl 051 cocmasos BYC: 1 - 50
% e00da/50% yzonw; 2 - 50 % eoda/2
% x805 cocHbl/48 % yeonb; 3 - 50 %
8oda/2 % onusKu cocHbl/48 % y201b
Dependence of CWS ignition delay
times on the temperature of the oxidiz-
ing medium for CWS compositions: 1 -
50% water/50% coal; 2 - 50% wa-
ter/2% pine needles/48% coal; 3 -
50% water/2% sawdust pine/48%
coal
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IIpu paananmoHHO-KOHBEKTUBHOM MHKPOBOJIHOBOM
HarpeBe qo0aenenne B BYC 2 % XBOM COCHBI CHM)KaeT
tign 10 30 % u 1o 35 % npu nobasneHuu 2 % OMHUIOK
COCHBI TIPH TEMIIEpaType BHEIIHEH cpeabl 673 K.

CrnenoBaTenbHO, MOKHO CIeJIaTh 000OIIEHHBIA BBI-
BOJ O TOM, 4TO BBeJieHHe B coctaB BYC 2 % omunok
cocHbl (Mo Macce) W mobamienne CBY-moacBeTKH
BYC nmpuBOoAMT K CYILIECTBEHHOMY CHIDKEHHUIO
(mo 40 %) mPOAOIKUTENFHOCTH TEPMHUYECKON MOJTro-
TOBKHU (tjgn) MOCIIETHUX. Y CTaHOBJIECHHBIE NIPH IPOBE-
JEHUH SKCIEPUMEHTOB 3aKOHOMEPHOCTH WJLIIOCTPH-
PYIOT BO3MOKHOCTh pPEaNH3allii TEXHOJOTUH CHKUTA-
Hus BYC (B cocraBe KOTOpOil MpUCYTCTBYeT OnoMac-
ca) ¢ BO3CHCTBIEM MUKPOBOJIHOBOTO HarpeBa.

3akro4yeHue

1. JlomomHUTENBHBIA MHUKPOBOJTHOBBIA HAarpeB M JO-
OaBrieHre OMOMAaCChI — OMUIIOK COCHBI — MO3BOJISIIOT
YMEHBIIUTh BpeMs 3aaepkku 3axuranus BYC npu
TeMIiepatype okpyxarwmel cpenst T=673 K mo
35 %.

. Haubomnblee BIHMAHWE MHKpPOBOJHOBOTO Harpena

HaOmromaercss B OOJIACTH OTHOCHUTENBHO HHU3KHX

temmneparyp (T<700 K).

Hunamuueckas Bs3kocTh buo-BYC He mpeBbimaer

noporoBoro 3Hauenwst 1200 Tla'c mpm ckopocTtu

casura 100 o0/MUH U1 Kallelib TOIUIMBA ¢ H00aB-

neHueM He Oosiee 2 % OMWIIOK COCHBI U He OoJee

6 % XBOH COCHEI.
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