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ABSTRACT 

Mykytenko M. Enhancement of the Efficiency of High-Temperature 

Aspiration Emissions Treatment in Scrubbers with Disc Atomizers.  Qualification 

Scientific Work as a Manuscript. 

Dissertation for the Degree of Doctor of Philosophy in Specialty 192 

"Construction and Civil Engineering" (19  Architecture and Construction).  Kyiv 

National University of Construction and Architecture, Kyiv, 2025. 

The main content of the dissertation. The dissertation is devoted to 

improving the efficiency of high-temperature aspiration emissions purification in 

cyclone-type wet scrubbers equipped with disc atomizers operating with recycled 

water containing mechanical impurities. The work addresses the challenges of air 

dedusting in the production of building materials, where traditional wet scrubbers 

face limitations related to the capture of fine particles, energy consumption, and 

water quality requirements. 

The first chapter presents an analysis of modern dust collection devices and 

substantiates the feasibility of using wet scrubbers for aspiration emissions 

treatment. Their advantages include reducing the risk of combustible dust ignition, 

eliminating secondary air pollution, and enabling simultaneous removal of solid, 

vapor, and gaseous contaminants. At the same time, the constraints of their 

industrial application are identified, including low efficiency in capturing fine 

particles, water quality requirements, and the need for wastewater treatment. The 

chapter also reviews theoretical and experimental approaches to describing aerosol 

deposition by liquid droplets. It is shown that a highly developed droplet surface 

and high relative velocity between droplets and particles can enhance purification 

efficiency but require significant energy input, as in the case of Venturi scrubbers. 

The shortcomings of existing models are highlighted, particularly the lack of data 

on the influence of mechanical impurities in irrigation water and the insufficient 

description of turbulence in the droplet interaction zone, which necessitates 

targeted experimental research. Based on this analysis, research objectives were 

defined, including studying droplet size distribution, the influence of dustiness and 



water impurities on efficiency, and the hydrodynamic parameters of disc-type 

scrubbers. 

The second chapter provides a theoretical justification of droplet particle 

interaction processes and examines the basic laws of liquid atomization in 

atomizers. Analysis of the physical processes of aerosol deposition established that 

purification efficiency strongly depends on droplet fineness, which in turn is 

determined by the atomizer design, operating regimes, liquid properties, and 

impurity content. A dimensional analysis yielded a functional dependence for the 

volume surface diameter of droplets of water and suspensions, considering the 

influence of solid particle concentration. A general formula for calculating dust 

capture efficiency by atomized liquid sprays was derived. The necessity of further 

experimental research using factorial analysis was demonstrated to quantify the 

influence of spray parameters and liquid medium properties on purification 

efficiency under high-temperature conditions. These results formed the basis for 

developing a comprehensive methodology for studying dust collection in the 

following chapters. 

The third chapter presents experimental investigations of a cyclone-type 

scrubber with a disc atomizer designed to disperse recycled water containing 

mechanical impurities. The influence of hydrodynamic parameters, atomizer 

design, and liquid properties on droplet spray formation was studied. Equations in 

dimensionless form were obtained to calculate the mean volume surface diameter 

of suspension and water droplets, which allowed for evaluating the effect of 

impurities on droplet fineness. Laboratory experiments conducted under a full 

factorial design enabled the construction of a mathematical model of the 

purification process and the determination of optimal operating parameters. It was 

found that increased humidity of the dusty stream and water impurity 

temperatures reduced it. Dependencies for droplet carryover and hydraulic 

resistance were established, providing a basis for the design of an industrial 

prototype scrubber. 



The fourth chapter summarizes the results of experimental and analytical 

studies of the novel cyclone-type scrubber with a disc atomizer intended for high-

temperature aspiration emissions. It was established that introducing highly 

atomized liquid into the rotating dust gas flow at the center of the apparatus 

ensured intensive kinematic coagulation of particles and enabled high purification 

efficiency up to 98.5% even when using recycled water with mechanical 

investigated, proving that their presence reduces the mean volume surface 

diameter of droplets and enhances dust capture efficiency. A mathematical model 

was constructed, incorporating the main process parameters, including liquid 

properties, dust dispersion, humidity, and hydrodynamic conditions. 

Dimensionless correlations were obtained for hydraulic resistance, which, together 

with the developed calculation methodology, provide the basis for practical 

application. The results were confirmed by industrial tests at the Kyiv Glass 

Factory, where significant economic benefits were achieved, and by further 

implementation of the developed design at other enterprises. 

Keywords: aspiration emissions, disc atomizer, liquid atomization, mechanical 

impurities, dusty flows, dust collection efficiency, droplet deposition. 


