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2. Model and Method of Regulating the Thermal Power of a Boiler under Varying Calorific Value of Hydrocarbon
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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA PO3BSI3aHHIO AKTyaIbHOI HAYKOBO-TEXHIYHOI IPOOJIEMU MiIBULIIEHHS]
eHeproe(eKTUBHOCTI Ta €KOJIOTiYHOI 6e3MeKU NPOoLeCy CHaII0BAHHS CyMillli ByTJIeBOJHEBUX MaJIB 3MiHHOTO
CKJIaZly B IapOBUX KOTJIaX. [I71s1 MOCSTHEHHS Liiei MeTH B pOOOTi 3alIPOIIOHOBAHO YIOCKOHAIEHHS MaTeMaTU4HOI
MOJIeJli KEPYBaHHS TEIJIOBOIO TIOTYKHICTIO 3 ypaxyBaHHAM 3MiHHOI TEIJIOTBOPHOI 3aTHOCTI nanusa. Po3po61eHo
aJanTUBHUM METO]] PETyJIIOBaHHS 00’eéMy Ta TEMIIEPATyPU TUMOBUX 'a3iB i3 aBTOMaTUYHUM KEPYBaHHSIM CKJIAJIOM
[IAJIMBHOI CyMilli BiZITIOBIIHO 1O IOTOYHOTO TEIJIOBOTO HABAHTAKEHHSI. 3aCTOCYBaHHSI PO3POO6JIEHOrO MiAX0my
3abe3neyvye CTabibHICTh TEMIIEPATYPHOTO PEXXUMY, MifBUIIEHHS KoedillieHTa KOPUCHOI [1ii KOTJIa Ta 3MEHIIEHHS
nuromux BukuiB CO2 6e3 HeoOXiIHOCTI MOJiepHi3alii 061agHaHH, 1O BiAIOBiae Cy4aCHUM BUMOTaM CTaJIOro
PO3BUTKY eHepreTuku. OBrpyHTOBAaHO JOLINbHICTh TEXHIYHUX PillleHb HA OCHOBI YMCEJIBHOI'O MOZEJIIOBAaHHS, SIKe

niaTBepAusio ix eHeproeeKTUBHICTb, CTIMKICTb MPOLeCy FOPiHHS Ta 3HM)KEHHSI HETaTUBHOTO BIJIMBY Ha JOBKIJLIISL.



3anponoHOBaHi MifAxoay 6a3y0ThCs HA YiTKO BU3HAYEHMX [TOKA3HUKAX SIKOCTI CTIIAI0OBaHHS Ta KPUTEPIisIX
eeKTUBHOCTI aBTOMATHU30BaHOI'O PEryJIIOBaHHS, 10 [03BOJISE 3MiICHUTH 00’ €KTUBHY OLIiHKY PiBHSI ONTHUMi3arii
KOTEJIbHOTO 00JIaIHaHHS 32 YMOB 3MiHHOT'O I1aJIMBHOTO CKJany. Y MepuioMy po3fiji 31iiCHEHO OIS, Cy4acHUX
CHACTEM aBTOMATU30BAaHOTO KEPYBAHHS KOTJIAaMHU, KJIACU(PIKOBAHO BUY BYIJIEBOJHEBUX NTAJIMB i BUBHAYEHO X
¢isuko-ximiuHi BacTuBoCTi. OGI'PYHTOBAHO MOTPEOY B HOBIll MOJIEJIi, sIKa 103BOJISIE MiATPUMYBATU CTA/IN 00'eM
IVMOBUX Ia3iB py 3MiHi ckilany najabHOro. Y Jpyromy po3zii no6yJoBaHO MaTeMaTU4HY MOJeJib KOTJIA sIK 00’eKTa
KEPYBaHH4, 1J0 BPaxOBYy€e 3MiHy T€IJIOTBOPHOI 3IaTHOCTI NaJIMBHOI cyMili. Po3po6sieHo iMiTaliliHy Mozesb
IIpoLieCy TOPiHHS 3 ypaXyBaHHSM XiMiuHOI piBHOBaru. I[IpoBeeHo Bepudikalio Moesel Ha IPUKIIai IPUPOIHOTO
rasy, epeBUHHU Ta 6ioraszy. Mozesb BUSBUIACS HALIHOO Ta MPUAATHOIO 0 MPAKTUYHOTO 3aCTOCYBaHHS. Y
TPETbOMY PO31iJIi 3aIIPOIIOHOBAHO METOJ, PETYJIIOBAHHS TEIJIOBOI ITOTYKHOCTI IJISIXOM 3MiHU CIIiBBiJHOIIEHHS
KOMIIOHEHTIB MaJIMBHOI CyMillli (30KpeMa, MeTaHy Ta HU3bKOKAJIOPIHOro ra3y) npu cTasiit 06’eMHiit Butpati. Takuii
izxiz 03BOJII€ yTPUMYBATU CTajli apaMeTpy AMMOBHUX rasiB i TEpMiuHy CTabibHICTb Y KOTJIi HaBiTh 32 YMOB
3MiHHOT'O HaBaHTAKEHHS, 110 KPUTUYHO BaXKJIMBO [JIs1 YHUKHEHHS TETUJIOBUX BTPAT. Y 4€TBEPTOMY PO37ii
PO3p06JIEHO CIIOCi6 aBTOMAaTU30BAHOTO PETYJIIOBAHHS TEIJIOBOI MOTY>KHOCTI KOTJIA 3 yPaxyBaHHSIM [TOTOYHO]
TEIJIOTBOPHOI 30aTHOCTI NasnrBa. CTBOPEHO CTPYKTYPY 6araTopiBHEBOI CUCTEMHU aBTOMATUYHOTIO KEPYBAaHHS 3
KAaCKaJHOIO KOOPJMHALEI0 PETYIATOPIB, MOYJIEM OHJIAMH-BU3HAYEHHS TEMJIOTBOPHOI 30ATHOCTI Ta aITOPUTMOM
aZlaniTUBHOTrO 3MilllyBaHHSI [1aJIbHOTO. Pe3y/IbTaTh YMCEIbHOTO MOJEIIOBAHHS MTiATBEPAUIN €(PEKTUBHICTD
po3pobiieHoro crnocoby B MMPOKOMY Jiana3oHi HaBaHTaXeHb (40-100 %), 3ab6e3nedyioun NOCTiHY BUTPATy
IVIMOBUX Ia3iB Ta CTabisIbHY TEIJIOBY MOTYKHICTb. [[pakTHYHe 3HaUYEHHS Pe3yJIbTaTiB AUCepTallii noysrae y
MO>JIMBOCTI BIIPOBAIKEHHSI 3aIIPOIIOHOBAHUX pillleHb Y iCHYI0Ui KOTeJIbHI yCTaHOBKM 6€3 iX MopiepHi3allii, 3 MeToo
e(EeKTUBHOrO BUKOPUCTaHHS ra30Noi6HUX NIaJUB Pi3HOTO MTOXOAKEHHS Ta 3MEHIIEHHS] HEraTUBHOTO BIIJIMBY Ha
IOBKijIsL. Kill04OBi C10Ba: CyMilll IAJIMB, EHEPrOe(pEKTUBHICTD, TEIIOTBOPHA 3[ATHICTb NAJIMBA, CIIAII0OBAHHS,
TeMIlepaTypa JUMOBUX ra3iB, 00’eM IMMOBUX Ta3iB, PETyJIIOBaHHS IOTY>KHOCTI, aBTOMaTUYHA CUCTEMA yIIPaBJIiHHS,
kiacudikallisg, CuCTeMa KepyBaHHS, MaTeMaTUYHa MOJleJlb, [IOKa3HUKU SIKOCTi, KpUTEPill e(peKTUBHOCTI, €KOJIOTiuyHa

6e3neKa, MOBKiJJIs.

2. The dissertation addresses the pressing scientific and technical problem of increasing the energy efficiency and
environmental safety of combustion processes involving mixtures of hydrocarbon fuels of variable composition in
steam boilers. To achieve this goal, the study proposes an improved mathematical model for regulating boiler
thermal power, taking into account the variable calorific value of the fuel. An adaptive method has been developed
for controlling the volume and temperature of flue gases, with automatic regulation of the fuel mixture
composition based on the current thermal load. The implementation of the proposed approach ensures thermal
regime stability, increased boiler efficiency, and reduced specific CO2 emissions without requiring equipment
modernization, thus meeting the current standards of sustainable energy development. The feasibility of the
technical solutions is substantiated through numerical modeling, which demonstrated high energy efficiency,
combustion stability, and reduced environmental impact. The proposed approaches are based on clearly defined
combustion quality indicators and efficiency criteria for automated thermal power control, enabling an objective
assessment of boiler optimization under conditions of variable fuel composition. Chapter 1 presents a review of
current automated control systems for boilers, classification of hydrocarbon fuels, and their physicochemical
characteristics. It substantiates the need for a new model capable of maintaining a stable flue gas volume under
changing fuel composition. Chapter 2 describes the construction of a dynamic mathematical model of the boiler as
a control object, incorporating variable fuel calorific value. A combustion simulation model was developed,
considering chemical equilibrium. Verification using natural gas, wood, and biogas demonstrated the reliability and
applicability of the model. Chapter 3 proposes a method for regulating thermal power by adjusting the ratio of
methane to low-calorific gas at constant fuel mixture flow. This enables consistent flue gas parameters and
thermal stability, even under variable load, which is essential to minimizing heat losses. Chapter 4 develops a
method for automated thermal power regulation based on real-time calorific value measurement. A multi-level
control system was proposed with cascade coordination of controllers, an online calorific value estimation module,
and an adaptive fuel mixing algorithm. Numerical modeling confirmed the effectiveness of the approach across a



wide load range (40-100%), maintaining constant flue gas flow and stable thermal power. The practical value of the
dissertation lies in its applicability to existing boiler systems without retrofitting, enabling efficient use of mixed
gaseous fuels and reducing environmental impact. Keywords: fuel mixture, energy efficiency, fuel calorific value,
combustion, flue gas temperature, flue gas volume, power control, automation, classification, control system,
mathematical model, quality indicators, efficiency criterion, environmental safety, environment.
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