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performance, such as fluidization velocity, bed material selection, and fuel properties,
must be carefully optimized to maximize efficiency and minimize emissions.
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The thermodynamic efficiency of solid fuel combustion in vortex furnaces is a key
factor in enhancing energy conversion processes and minimizing environmental
impact. Vortex combustion technology is characterized by intense fuel-air mixing,
which improves the combustion process by ensuring a more uniform temperature
distribution and reducing unburned carbon losses. This study provides a
comprehensive analysis of the thermodynamic efficiency of solid fuel combustion in
vortex furnaces, examining the fundamental principles governing heat and mass
transfer, combustion kinetics, and gas flow dynamics. The research focuses on the
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impact of key parameters, including turbulence intensity, excess air ratio, fuel particle
size, and combustion chamber geometry, on the overall efficiency of the system [1].

Vortex furnaces utilize the principles of aerodynamics to create a highly turbulent
swirling flow of fuel and oxidizer, which enhances mixing and increases the residence
time of fuel particles within the combustion zone. This intensified mixing results in
more complete combustion, leading to improved thermal efficiency and lower
emissions. The primary mechanisms influencing thermodynamic efficiency in such
systems include heat transfer through conduction, convection, and radiation, chemical
energy conversion through oxidation reactions, and the influence of unsteady
combustion phenomena [2].

One of the critical aspects of vortex combustion is the formation and stabilization
of the flame within the furnace. The swirling motion of the gas flow generates
centrifugal forces that create a recirculation zone, allowing for better heat retention and
ensuring a stable combustion process. This reduces the formation of localized high-
temperature zones, which are often responsible for increased thermal NOx emissions.
Additionally, enhanced mixing minimizes the presence of unburned carbon, increasing
fuel utilization efficiency [3].

A detailed analysis of heat transfer mechanisms within the vortex furnace reveals
that the combination of forced convection and radiation plays a significant role in
determining the overall heat absorption by furnace walls and subsequent energy
conversion. The swirling flow pattern significantly increases the heat transfer
coefficient, improving the rate at which thermal energy is extracted from the
combustion process. The study also explores how varying the excess air ratio
influences combustion efficiency. While a higher excess air ratio can lead to better
oxidation of fuel particles, excessive air supply results in heat loss due to the increased
mass flow of flue gases, reducing the overall thermal efficiency [4].

Another key factor in thermodynamic efficiency is the effect of fuel properties on
combustion performance. Fuel moisture content, volatile matter percentage, and ash
composition impact the ignition characteristics, burnout rate, and slagging tendencies
in vortex furnaces. The study examines various solid fuels, including coal, biomass,
and municipal waste, to assess their suitability for vortex combustion systems. High-
volatile fuels tend to ignite faster and more completely, whereas high-ash fuels may
introduce operational challenges related to clinker formation and heat exchanger
fouling [5].

Additionally, the influence of furnace design parameters, such as burner
arrangement, combustion chamber geometry, and refractory lining, is analyzed. The
optimization of these parameters plays a crucial role in reducing heat losses and
ensuring maximum energy utilization. Computational fluid dynamics (CFD)
simulations and experimental data are employed to evaluate the effectiveness of
different vortex furnace configurations in improving thermal efficiency. The
integration of advanced control systems, such as real-time monitoring of combustion
conditions and adaptive air supply regulation, further enhances the overall performance
of vortex combustion technology.

The analysis of thermodynamic efficiency in solid fuel combustion within vortex
furnaces highlights the significant advantages of this technology in improving energy
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utilization and reducing environmental impact. The swirling motion of gases enhances
fuel-air mixing, leading to more complete combustion, lower unburned carbon losses,
and improved heat transfer efficiency. The research demonstrates that optimizing key
parameters such as turbulence intensity, excess air ratio, and fuel properties can
significantly enhance the overall performance of vortex furnaces.
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[ToenanHsT 0OCOOMMBUX XapaKTEPUCTUK, TAKUX SK MIJIBUIIICHA MIIHICTh, B SI3KICTh
pyWHYBaHHS, BUCOKA TBEPAICTh, 3HOCOCTINKICTh, HU3bKI KOE(IIIEHTH TEPTS, a TAKOXK
XiMiyHa Ta O10JIOTIYHA 1HEPTHICTH POOUTH MIOKCHUJ HUPKOHIO (ZrO,) BUKIIOYHO
NEPCIIEKTUBHUM MaTepiajioM i 3aCTOCYBaHHsS y 0aratboX TEXHIYHUX cdepax. Bin
3HAMIIOB MIMPOKE 3aCTOCYBaHHS TPHU CTBOPEHHI BHCOKOBOTHETPUBKHX BHUPOOIB,
AKAPOCTIMKUX €eMaliel, CTIMKOTO JI0 BHCOKHX TEMIIepaTyp CKja, PI3HOMaHITHHX
KepaMigyHUX BHUPOOIB, KEpaMiyHUX MITMEHTIB, TBEPAUX EJICKTPOJITIB, 3aXUCHHUX
TEPMIYHHMX MOKPHUTTIB, KaTali3aTOPiB, IITYYHUX JOPOTOIIHHUX KAMEHIB, a TAKOXK MiJ
yac BUPOOHUIITBA Pi3aJIbHUX IHCTPYMEHTIB Ta aOpa3MBHUX MaTepialiB.

B nanuii vac JioKCHA ITMPKOHIIO CTPIMKO IIOIIMPIOEThCS Ha HOBI cdepu
3aCTOCYBaHHsI, TaKl K MEJHUIIMHA, BOJOKOHHA ONTHUKA Ta BUPOOHUIITBO €JIEKTPOHHOI
KepaMikd. BakiMBO Bi3HAYMTH, 10 HAWOLIBIN Bpakarodyi 3HAYCHHS MEXaHIYHOI
MIIIHOCTI Ta TPIIIMHOCTIMKOCTI, MPU 30€pEKEeHHI CTIMKOCTI 10 KOPO31i Ta 3HOLITYBaHHS,
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