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Huceprariiiina poOoTa MpUCBAYEHA JTOCIIHKEHHIO 3aKOHOMIPHOCTEN MpPOLECY
3aiiMaHHs Ta TOPIHHS BOJOBYTUIHLHOTO MaJMBa 3 JIOJaBaHHSAM BIJIXO/A1B Oi01M3emI0, a
came THIIepuHy, TEeIIo(I3UYHUX BIIACTUBOCTEH Ta OCOOJMBOCTEH TEIMIO0OMIHY
TaKoro MaJivBa.

VY nucepraniiiHiii poOOTI OTpUMaH1 HOBI HAYKOBO OOTPYHTOBAaH1 TEOPETHYHI Ta
eKCIIEPUMEHTAJIbHI PE3yJIbTaTH, L0 y CYKYMHOCTI € CYTT€BUMHM Ui BUPIIICHHS
aKTyaJbHOI ~ HAYKOBO-TEXHIYHOi  3ajadyi, fKa TMoJarae y  TIJBHIICHHI
eHeproe()eKTUBHOCTI CIATIOBaHHS BOJIOBYTUIBHOTO TAJHMBa MUISXOM JOJIaBaHHS
BIIXO/IB BUPOOHUIITBA O10M3€Ns 3 YpaxyBaHHSM EKCIEPUMEHTAIIBHO BHU3HAYEHUX
TeMI0(13UYHUX BIACTUBOCTEN NAINBA, 3aKOHOMIPHOCTEH 1 TOIUIBHUX YMOB 3aiiMaHHs
Ta TOPIHHS MaJMBa 13 3a0€3MeYeHHSIM MaKCUMAJIBHOI peatizallii Horo eHepreTuyHOTO
MOTEHII1ATy Ta MIHIMI3aI[1€10 HETAaTUBHOT'O BIUIMBY Ha JOBKIJLISA.

Brepiie 3a yMoB J0/1aBaHHS /10 BOJOBYT'UIBHOTO NAJIMBA IIIIIEPUHY SIK BIIXOTY
BUpPOOHMIITBA OlomanuBa y KiTbKOCTI 5...20 % mac. eKCIepUMEHTAIbHO BU3HAYEHO
BILUIMB OCTAHHBHOTO HA TEIJIOEMHICTH Ta KOE(IIIEHT TEIIONPOBITHOCTI TajuBa, 1110
JTO3BOJIMJIO BCTAHOBUTH BIJIMOBITHI €MITIPUYH1 3aJIEKHOCTI.

OTpumanu NoJaabIINi pO3BUTOK B1ZIOMOCTI PO 3aKOHOMIPHOCTI BIUTUBY BMICTY

riinepuHy B aianasoHi 5...20 % mac y BOJOBYTIJIBHOMY NajlWBlI Ha TPUBAIICTH 1



TEeMITepaTypy KOXKHOI CTajlii TOPIHHS, IO JO3BOJIMJIO BU3HAYUTH paIllOHATbHI YMOBH,
110 3a0€3Mevy0Th MiBUIICHHS e(DeKTUBHOCTI CIIAIOBAaHHS MaTUBa.

HaOyno momanpiioro po3BUTKY YSABJICHHS MPO 3aKOHOMIPHOCTI TEIUIOOOMIHY
OpU MPUMYCOBOMY pyCl BOJOBYTUIBHOTO MajiuBa SIK HEHBIOTOHIBCHKOI PIAMHH 3
ypaxyBaHHSAM OTPUMaHUX TEIJIOPI3UYHUX BIACTUBOCTEH Ta BIEpILE BCTAHOBIICHO
KputepiasibHe piBHsIHHS o100 Buay Nu=f(Gz) ais aianasony uucia noaoou [lexme
137...15-10°.

OTpumanu nojaidblIMi PO3BUTOK BIIOMOCTI MPO 3aKOHOMIPHOCTI YTBOPEHHS
a30TO- Ta CIPKOBMICHHUX CIIOJIYK y MPOJAYKTaX 3TOPSHHS BOJOBYTUIRHOTO IajiuBa B
3aJIeKHOCT] BiJ BMICTY TJIILIEPUHY Y HBOMY Ta TEMIEPATYypPH MPOLIECY, IO TO3BOIMUIIO
BU3HAYUTH YMOBHU CHATIOBAaHHS, Ki J03BOJIAIOTh 3MEHIIUTU HETaTUBHUUI BIUIMB Ha
JOBKLIIJIS.

3anponoHOBAaHO  palllOHAJIbHI ~ MapaMeTpu  €PEKTUBHOrO  CIHAJTIOBaHHS
BOJIOBYTUILHOTO MaJIUBa 3 JOJIaBaHHAM TIIIEPUHY, sIKi 3a0€3Meuyl0Th MaKCUMaJIbHY
peatizallilo eHepreTUYHOTO MOTEHITIAaTy TaHOTO MaJIMBA 31 3MEHIIICHHSIM HETaTHBHOTO
BILJIMBY Ha JIOBKIJUIA

OTpuMaHO BHXIJHI JaHI Ta NPAKTUYHI peKOMeHAalii sl MPOEKTYBaHHS
TEIUIOOOMIHHUX amapaTiB JjIsi TEepPMIYHOI aKTUBAIlli BOJOBYTJIBHOTO TajuBa MpHU
temmnepatypi 150-200 °C (Butpara, MIBUIKICTh, TeMIIepaTypa TEIJIOHOCIIB, IJIOIIA
TEMJI000MIHHHUKY TOIIIO).

Po3pobieni pexxuMHI MapaMeTpu poOOTH BHUMNATIOBAIBHUX IE€UEeH Mpu
BUKOPHUCTaHI Ui iX ONAJECHHS BOJOBYTUIBHOTO MajuBa 3 JOAABaHHSIM TJIILEPUHY
nepeani Uil BIOPOBA/DKEHHS Ha JUIIHII BUpoOHMITBa BamHa TOB «M3
«JIHImpoCcTANIbY.

Marepianu aucepramiiHoi poO0TH BUKOPUCTOBYETHCS y HAaBYAIBLHOMY TPOIIEC]
kKadempu  eHEepreTHYHMX CHCTEM Ta  CHeproMeHeKkMeHTy  HarionampHol
MeTaTypriiiHoi akajaeMii YKpaiHu y Kypcax JIeKI1N, IPU BUKOHAHH1 BUITYCKHUX POOIT

OakanaBpiB Ta MaricTpis 31 cnerianabHicTio 144 — TemmoenepreTuka.
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ABSTRACT

Moumane M. Increasing the efficiency of coal-water fuel combustion by adding
waste from biodiesel production. — Qualifying scientific work on the rights of the
manuscript.

The thesis for the degree of Doctor of Philosophy in the specialty 144 — «Heat
and Power Engineering». — National Metallurgical Academy of Ukraine, Dnipro, 2021.

National Metallurgical Academy of Ukraine, Dnipro, 2021.

The thesis has solved an urgent scientific and technical issue, which is to increase
the energy efficiency of the burning coal-water fuel process by adding biodiesel
production waste. The experimentally determined thermophysical properties of fuel
have been taken into account alongside with regularities found and determination of
appropriate conditions for ignition and combustion of fuel with maximum energy
potential and minimizing the negative impact on the environment.

For the first time under the conditions of adding glycerol to coal-water fuel as a
waste of biofuel production in the amount of 5... 20% of the mass the influence of the
glycerol on the fuel heat capacity and thermal conductivity was experimentally
determined, which allowed to establish the corresponding empirical dependencies.

The data about the regularity of the effect of glycerol content in the range of 5 ...
20 % mass in the coal-water fuel on the duration and temperature of each stage of
combustion were further developed. This which allowed to determine the rational
conditions for increasing the efficiency of fuel combustion.

The ideas about the regularities of heat transfer during forced motion of coal-
water fuel as a non-Newtonian fluid have been further developed taking into account
the obtained thermophysical properties. Also, the criterial similarity equations of the

form Nu = f(Gz) for the range of Péclet number of 137...15-10° have been established



for the first time. Practical recommendations for designing heat-transfer apparatuses for
thermal activation of coal-water fuel at 150-200 °C have been obtained.

The data on the regularities of formation of nitrogen- and sulfur-containing
compounds in the combustion products of coal-water fuel depending on the content of
glycerol in it and the process temperature were further developed. This allowed to
determine the combustion conditions that reduce the negative impact on the
environment.

The rational parameters of efficient combustion of coal-water fuel with the
addition of glycerol are proposed. They provide the maximum realization of the fuel
energy potential with a reduction of the negative impact on the environment.

The operating parameters of furnaces while using coal-water fuel with the
addition of glycerol for their heating have been developed for implementation at the
lime production site of Dnipro Steel Ltd.

The data of the thesis are used in the educational process of the Department of
Energy Systems and Energy Management of the National Metallurgical Academy of
Ukraine in the courses of lectures, while performing graduate works of Bachelors and
Masters in the specialty 144 —Heat Power Engineering.

Keywords: coal-water fuel, glycerol, regularities of combustion, stages of
combustion, temperature-time characteristics of combustion, burnout degree,

coefficient of thermal conductivity, heat capacity, heat exchange, ecology
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