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Compared to conventional fixed and fluidized bed systems, pulsating combustion
demonstrates improved thermal efficiency and better control over pollutant formation.
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The combustion of low-grade fuels in fluidized bed technology represents a
promising approach for improving energy utilization while reducing emissions. Low-
grade fuels, such as lignite, biomass residues, and industrial waste, often have high
moisture and ash content, making their combustion less efficient in conventional
systems. Fluidized bed combustion (FBC) offers a solution by ensuring improved fuel-
air mixing, extended particle residence time, and uniform temperature distribution,
which enhances combustion efficiency. This study analyzes the thermodynamic and
combustion characteristics of low-grade fuels in a fluidized bed, focusing on heat
transfer mechanisms, fuel conversion efficiency, and emission control. The impact of
fluidization velocity, bed material properties, and excess air ratio on combustion
performance is examined. The results contribute to optimizing fluidized bed operation
for better fuel utilization, lower environmental impact, and enhanced energy recovery
from low-quality fuels [1].
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Fluidized bed combustion (FBC) technology is widely recognized for its ability to
efficiently burn low-grade fuels with high moisture and ash content while maintaining
stable combustion conditions. Unlike traditional fixed or pulverized fuel combustion,
FBC relies on a suspended bed of inert material, typically sand or ash, which is
fluidized by an upward stream of air or flue gases. This process ensures uniform
temperature distribution, enhances mixing between fuel particles and oxidizers, and
prevents localized overheating, which is common in conventional combustion
systems [2].

The combustion process in a fluidized bed occurs in several stages, including
drying, devolatilization, char combustion, and ash formation. Low-grade fuels,
particularly those with high moisture content, require significant thermal energy for
drying before combustion can occur efficiently. The high heat capacity of the fluidized
bed medium facilitates rapid heat transfer to fuel particles, accelerating the drying and
devolatilization stages. This ensures a more complete oxidation process and reduces
unburned carbon losses [3].

One of the key advantages of FBC is its ability to operate at relatively low
combustion temperatures (800—900°C), which minimizes the formation of nitrogen
oxides (NOx) while still achieving high combustion efficiency. The lower operating
temperature also reduces the risk of ash fusion and slagging, which can cause
operational problems in conventional combustion systems. Additionally, the presence
of a circulating or bubbling bed provides excellent turbulence, allowing for better
contact between fuel and oxygen, thereby improving combustion completeness [4].

The selection of bed materials plays a crucial role in optimizing fluidized bed
performance. Silica sand is commonly used due to its thermal stability, while
alternative materials such as dolomite or limestone can be introduced to enhance sulfur
capture and reduce sulfur dioxide (SO2) emissions.

The fluidization velocity is another critical parameter that influences combustion
efficiency. If the velocity is too low, bed material may not fluidize properly, leading to
uneven combustion and localized heat losses. Conversely, excessive velocity can lead
to excessive entrainment of fine particles, increasing particulate emissions and
reducing overall energy efficiency. This study evaluates optimal fluidization
conditions for various low-grade fuels, ensuring complete combustion and minimal
pollutant formation [5].

Fuel particle size and composition also significantly affect combustion
performance. Large fuel particles may require longer residence times for complete
oxidation, while fine particles can be easily entrained and carried out of the combustion
zone, leading to efficiency losses. The study investigates how different fuel
characteristics impact the overall combustion process and explores methods for
improving fuel handling and pre-processing, such as torrefaction or pelletization, to
enhance the combustion behavior of low-grade fuels.

The analysis of low-grade fuel combustion in fluidized bed systems highlights the
significant advantages of this technology in terms of efficiency, emission control, and
fuel flexibility. The ability of FBC to maintain uniform temperature conditions,
enhance fuel-air mixing, and extend particle residence time leads to more complete
combustion and improved energy recovery. Key factors influencing combustion
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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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