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ABSTRACT
Report contains 68 p., 1 b., 7 fig., 8 tab., 16 ref., 3 appl. 
GRAIN DRYING, BURNER DEVICE, COMBUSTION, COMBUSTION CHAMBER, TEMPERATURE, COMBUSTION PRODUCTS, THERMAL BALANCE, DRYING AGENT, HUMIDITY
The object of research is a vortex-type burner designed for burning mainly liquid and gaseous fuels in order to generate a drying agent for efficient drying of grain, chemical-kinetic and physical processes occurring in the burner combustion chamber.

The purpose of the work is developing of the vortex-type burner for burning fossil fuel, to carry out experimental and theoretical studies to develop practical recommendations in the future to increase the combustion efficiency of fuels with the maximum possible heat release, as well as to create an energy-efficient unit for drying grain.

The analysis of the effective operation of the burner was carried out in the process of research for various grain dryers in accordance with the technical operation standards. An experimental assessment of the efficiency of grain drying is given, as well as the effect of the design of grain dryers on the drying and heating processes. The main ways to intensify the drying process have been identified. Technological possibilities of using a vortex burner and the calculation of its connection with a grain dryer are given.

And also within the framework of research, a prototype of a vortex burner was manufactured, on which field tests were carried out for burning fuel to determine the main energy characteristics.

Main design and technical and operational indicators:
a) increased completeness of fuel combustion in comparison with existing similar burners; b) compactness of the installation combined with high heat intensity (rate of heat release and power per unit time) in the combustion chamber; c) reduced costs for air supply due to reduced aerodynamic resistance.

Degree of implementation - an experimental semi-industrial unit is prepared for testing for technical and operational indicators.

The efficiency of the burner is determined by the ability to burn organic fuel in significant quantities per unit time in the combustion chamber of the burner without preheating it with high combustion efficiency at the exit from the nozzle of the combustion chamber.
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TERMS AND DEFINITIONS
The following terms with the corresponding definitions are used in this research report "Implementation of a burner device for grain drying in the agroindustrial complex":
	Vortex burner -
	a device designed to burn organic fuel in an artificially created tangential oxidizer flow


	Burner - 
	a device designed for burning fossil fuel


	Combustion chamber channel -
	an extended section of the combustion chamber where the fuel mixture is combusted


	Equivalence ratio -
	the ratio of the volumetric amount of air supplied for combustion to the stoichiometric amount


	The coefficient of intensive use of the grain dryer -
	is the ratio of the actual performance to the manufactured


	The coefficient of extensive use of the grain dryer -
	is the ratio of the actual operating time to the estimated


	Heat capacity -
	heat consumption for heating grain material


	Specific moisture removal -
	the amount of evaporated moisture per hour per square meter of grain layer


LIST OF SYMBOLS AND ABBREVIATIONS
The following abbreviations and symbols are used in this research report "Implementation of a burner device for grain drying in the agroindustrial complex":
Qtot – total heat loss of flue gases
Qflue gases - heat loss with the heat of flue gases
Qunderburning - heat loss with underburning of fuel in flue gases
Qliq.f. - heat loss due to the heat content of flue gases when burning liquid fuels
CO2 - carbon dioxide content in flue gases
Tf - flue gas temperature
Ta - burning air temperature
Q – heat flow
ca – heat capacity of air, 1,0 kJ / (kg(K)
(Т - temperature difference between the entrance to the chamber and the dryer
qm – mass air flow
Esd - specific energy consumption for drying
Edry - energy consumption of drying air
Mmoi - the amount of moisture removed from the grain during drying
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- flow rate
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 - adiabatic constant
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Т

 - combustion products temperature
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 - combustion gas constant
CofE - coefficient of efficiency
RSRIG - Russian Scientific Research Institute of Grain and its Processing Products
SUIAE – Soviet Union Institute of Agricultural Engineering
INTRODUCTION
The third final year of this research work is aimed at completing the research with a positive result. At present stage (2020), the final studies were carried out on the possibility of introducing the proposed burner at grain drying enterprises. The results of the work outlined in the report for the first (2018) and second (2019) years showed two main components in accordance with the current study:
- strengths and weaknesses of existing grain drying plants in Kazakhstan. The energy balances of a number of enterprises in the grain drying sector were analyzed theoretically and with a visit to the agricultural production of Akmola region. The potential has been identified to improve the energy efficiency of the drying process itself (more details in the 2018 and 2019 reports and 2018 publications);

- the efficiency of the innovative vortex burner device in comparison with existing analogues. A number of experiments have been carried out. Liquid fuels were seen as the main fossil fuels such as diesel and heavy fuel oil (more details in the 2019 report and 2019 publications).

At the last stage (2020), all previous studies were synchronized. Eventually:
- recommendations were developed for the selection of the main power equipment for grain drying enterprises (Chapter 1);

- the influence of different types of burners and drying plants on grain drying was analyzed (Chapter 2);

- methods for calculating the main energy and technological parameters of drying were presented and formulated (Chapter 3).
According to the results of the third final year of research, 1 monograph and 7 scientific articles were published, including 1 publication in a journal included in the Scopus database.

List of interim reports:

«Implementation of a burner device for grain drying in the agroindustrial complex» (intermediate). 2018. Stock number 0218RK00348.
«Implementation of a burner device for grain drying in the agroindustrial complex» (intermediate). 2019. Stock number 0219РК00094.
1 Research of the efficiency of the burner device in accordance with the technical operation standards 
1.1 Basic regulatory documents for the design, assembly and operation of a vortex burner device for drying grain
For the successful design and creation of a highly efficient vortex burner, the following documents were selected and actively analyzed:

The following documents have been compiled and actively reviewed for the successful design and construction of a highly efficient vortex burner:
- Industrial safety rules for hazardous production facilities using equipment operating under excess pressure (Order of the Minister for Investment and Development of the Republic of Kazakhstan dated December 30, 2014 No. 358);

- Code of rules for fire safety;

- Safety regulations for the operation of thermal mechanical equipment of power plants and heating networks (Order of the Minister of Energy of the Republic of Kazakhstan dated February 20, 2015 No. 122);

- Licensing rules and qualification requirements for the acceptance, weighing, drying, cleaning, storage and shipment of grain;

- Environmental Codex of the Republic of Kazakhstan (with amendments and additions as of December 26, 2019);
- Any actions with liquid fuel for drying grain can be carried out in accordance with the Construction Rules of the Republic of Kazakhstan 4.02-105-2013 "Boiler Plants" (clause 5.3.2.2 Fuel Economy).
1.2 General technical requirements for burners
There are two main groups of requirements for burners:
- technical (including heat engineering and design requirements) 
and 

- security.
Heat engineering requirements must ensure:
- a given thermal power;
- the required temperature level and composition of combustion products;
- stable and controlled combustion of gas in the range of change in thermal power with minimal head losses in the burner along the fuel and air paths;
- the specified ratio of gas and oxidizer;
- obtaining a torch with the characteristics necessary for the technological process (the rate of outflow of combustion products, stiffness, flatness, luminosity, torch length, etc.);
- the ability to operate on reserve fuel (if provided).
Deviations in the nominal heat output of each burner under nominal conditions must not exceed the limits: from –5 to +10% of the nominal heat output set for this burner size.
As all of us know, the completeness of fuel combustion and the level of heat loss with exhaust gases determine the fuel utilization factor, therefore, it is so important to meet the requirements for burners to ensure the completeness of fuel combustion with optimal gas-air ratio. Incomplete combustion leads not only to direct excessive consumption of fuel, but also to contamination of drying products and the air basin with harmful substances. Obviously, the ideal position is such that the most complete combustion is carried out at the optimal values ​​of the equivalence ratio. It should be borne in mind that the maximum temperature value depends on the excess air ratio. The completeness of fuel combustion and the maximum combustion temperature are shifted towards the values ​​of the excess air ratio exceeding unity in real conditions due to insufficiently complete and uniform mixing of fuel and air. Moreover, the worse the mixing of fuel and air, the higher the excess air ratio. Thus, the minimum value of ( for liquid fuel with complete combustion lies in the range ( = 1.15–1.25. Consequently, the regulation of the quality of mixing gas and air is one of the main requirements for burners. As a rule, the minimum excess air ratio should not exceed 1.08 for blowing and injection burners with full premixing (ensuring the requirements for the quality of fuel combustion and the operation of the burner at rated thermal power), 1.1 - for blowing burners with incomplete premixing and 1.15 for blowing or premixed vacuum air blowers. Heat losses from chemical incompleteness of combustion should not exceed 0.5% in the range of operating regulation when analyzing gaseous combustion products at the outlet from the furnace. It should be noted that the proposed burner device provides fuel burnout with reduced chemical incompleteness of combustion at a level below 0.5% due to the organization of an active tornado-like vortex.

Great Importance is the satisfaction of the requirements for the control coefficients of burners for thermal power, determined on the basis of the requirements of the technological process. Burners must operate stably in the range from 20–40 to 110–130% of the rated power to ensure operation in modes (including ignition and load boost). The experience of operating industrial burners shows that the coefficient of operating regulation (kрр) in terms of thermal power should be at least 3 for blast and injection burners with full premixing, at least 4 for blast burners with incomplete premixing and at least 5 for injection burners with partial mixing (atmospheric). Burners must operate stably without separation, flame breakthrough and pulsating combustion phenomena in the entire range of heat power regulation.
The materials used for the manufacture of burners must be resistant to mechanical, chemical and thermal effects. Parts of burners located in the temperature zone of 200 - 400 °С are usually made of ordinary cast iron, above 200 °С - high-temperature cast iron, 600-800 °С and above - heat-resistant steel (the proposed swirl burner device is completely made of alloy steel). Parts of burners operating at high temperatures and subject to intense mechanical stress, including abrasive wear, were made of special materials with increased heat resistance and strength. Thus, the nozzles of high-speed burners, in which the jet exit velocity reaches 200 m/s, and the heating temperature is about 1100 ° C, are made of steel with a high content of chromium, nickel and tungsten. The nozzle of the burner is made of heat-resistant cobalt steels at a heating temperature of up to 1500 °C.

Reliability and durability indicators characterize the duration of operation, stability of the main parameters and technical characteristics. Durability refers to the uptime of the burner without repairs, provided it is operated correctly. So, for example, the proposed burner device can be in operation for up to 10 years in total, having a period of failure-free operation of 3-4 years.

The safety requirements for the operation of burners are based on the provisions of the "Safety Rules in the Fuel using". A prerequisite, for example, is the equipment of industrial boilers or drying chambers with automatic equipment, which ensures the cessation of the fuel supply in the event of an unacceptable deviation of the gas pressure from the set one, extinguishing of the flame of each of the main burners, disruption of traction, and cessation of air supply. The safety shutdown of automatic burners during operation should be ensured at least in the event of a controlled flame extinguishing, disruptions in the supply of air for combustion, removal or recirculation of combustion products, emergency deviations of the parameters of the thermal installation. The safety shutdown should be carried out when the controlled flame goes out in semi-automatic burners. Gas supply is not allowed in automatic and semi-automatic burners if the ignition device is not switched on. The flame monitoring device under operating conditions must only react to the flame of the controlled burner and must not react to extraneous sources of heat and light (hot lining, lighting, etc.). The automatic equipment of the burner devices must ensure safe and reliable start-up of the burner, its transfer to the operating state, operation control and shutdown, as well as the start-up of the burner according to the program depending on the power and degree of automation. Operations must be interlocked to ensure their correct sequence.
Sanitary requirements for burners include requirements for the composition of the discharged combustion products and noise characteristics. The content of carbon monoxide in the combustion products at the outlet from the combustion chamber in terms of dry combustion products at ( = 1 should not exceed 0.1% (by volume) over the entire range of operating regulation. The permissible sound pressure at the workplaces of industrial enterprises is determined depending on the geometric mean frequencies in accordance with the current sanitary norms for limiting noise on the territory and in the premises of industrial enterprises.
1.3 Study of the efficiency of grain dryers in accordance with the standards of technical operation
It has been established [1] that the operation of grain dryers is not always a sufficient guarantee of high-quality drying at minimum energy consumption in accordance with all kinds of instructions and technological regulations. Much depends on the qualifications of the service personnel, their awareness of the bottlenecks of the operated grain dryers, the degree of influence of certain factors on the quality of grain, on the consumption of fuel and electricity for drying.
An essential factor that can significantly affect the value of specific fuel consumption for drying is the efficiency of using grain dryers. The latter, as well as the efficiency of using any technological equipment, can be estimated by the coefficients of intensive Ки (represents the ratio of the actual performance Qap from manufacture Qm) and extensive Кт of use (represents the ratio of the actual operating time of the ∑Тf to the calculated Тc; according to industry standards, for grain dryers daily Тc = 20.5 hours, and monthly Тc = 615 hours), as well as the integral Co coefficient (Ко=Ки∙Кт).

Analysis of materials Malina N.I. contains surveys of drying installations of mine direct-flow types of DSP and SZSh, as well as of recirculation type RD. The analysis showed the following. Dryers during the procurement period had a total grain drying volume of about 800 thousand plan tons. with a total passport capacity of about 2.2 thousand plan t/h. They were used very ineffectively. The utilization rates were within the following limits: Ки= 0,06-0,52; Кт= 0,21-0,56; Ко = 0,015-0,291.
The experience of operating grain dryers shows that we are interested in reducing energy consumption for drying, the coefficient of intensive use (during the period of operation of the grain dryer from starting to stopping) depends, first of all, on the technical condition of the dryer (air leaks, for example, into the heating chamber of grain dryers of the type "Virgin", leaks of the drying agent, significant heat loss through poorly insulated surfaces, bringing moisture from atmospheric precipitation into the drying zone together with the outside air used to obtain a drying agent of a given temperature, discrepancy between the actual and rated performance of fans, etc.) and its design features (uneven distribution of the drying agent and air along the vertical and horizontal cross-sections of the mines, as well as along the length of the ducts, unsatisfactory operation of the outlet devices and, as a consequence, a forced decrease in the temperature and amount of the supplied drying agent due to overheating of individual layers, as well as due to the formation stagnant zones and uneven speed of movement of individual layers of grain along vertical sections of mines; unsatisfactory mixing of grain of different moisture and temperature, - for example, in the heat and moisture exchanger of the second recirculation loop of two-circuit grain dryers of the "Tselinnaya-50" type; unsatisfactory cooling of dried grain). The technological scheme of the dryer operation and, in particular, the peculiarities of its reaching the mode during the start-up period, as well as the sequence of operations for its shutdown, has a great influence. Of no small importance is the lack of reliable automation equipment and, as a consequence, overdrying in the drying zone, followed by moistening the grain in the cooling zone. Of great importance is the level of qualifications of service and engineering personnel, as well as the ratio between the size of the batch of grain and the productivity of the grain dryer (the smaller this ratio, the more often it becomes necessary to completely empty the dryer in order to switch to drying a batch of grain of a different quality, or another crop; the same measure, for the periodic complete emptying of the dryer, is a consequence of the structural imperfection of the dryer, which contributes to the formation of stagnant zones). A significant effect on the decrease in the actual performance of dryers (and, consequently, on the Ки coefficient) is exerted by the supply of grain with a high initial moisture content for drying. This necessitates lowering the temperature of the drying agent and the limiting temperature of grain heating, and when using mine direct-flow grain dryers, it becomes necessary to organize grain drying in 2-3 passes through the dryer or double drying units with inevitable, or overdrying, or with excessive consumption of fuel during the period of grain drying.

An example of ineffective use of a number of grain dryers can be the data in Table 1 on their actual performance (in comparison with the passport) and on the efficiency of their cooling chambers.

The data given in Table 1 show that the actual performance of the grain dryers, with rare exceptions, is significantly lower than the manufacturer's data (although the given data were obtained as a result of tests at steady state operation of the dryers, as a rule, 4-6 hours after their start; on the type of grain dryer [2]).

Table 1 - Efficiency of using some grain dryers in terms of productivity and grain cooling
	Grain dryer type, location
	Grain crop
	Grain dryer productivity, plan, t/h

	
	
	From the manufacturer
	Actual
	by cooling grains

	1
	2
	3
	4
	5

	ДСП-32
	Wheat
	32,0
	32,0
	25,5

	ДСП-32 with external cooler on the base СЗС-8
	wheat
	40,0
	42,5
	11,2

	ДД -125
	Wheat
	-
	53,4
	19,6

	Continuation of table 1
	
	
	
	

	1
	2
	3
	4
	5

	Celinnaya-10
	Wheat
	10,0
	11,8
	7,8

	Celinnaya -20
	Wheat
	20,0
	22,0
	16,7

	Celinnaya -20
	rice
	20,0
	15,8
	16,4

	Celinnaya -30
	Wheat
	30,0
	26,1
	14,6

	Celinnaya -36
	Wheat
	36,0
	35,0
	31,9

	Celinnaya -36
	wheat
	36,0
	28,0
	17,0

	Recirculating, with preheating, based on:
	

	ДСП-32 от-2
	Corn
	
	60,2
	26,5

	
	Sunflower
	
	44,9
	21,1

	ДСП-24сн
	Wheat
	-
	39,0
	23,0

	Celinnaya -50
	Millet
	50,0
	45,0
	44,4

	Celinnaya -50
	Wheat
	50,0
	46,4
	31,1

	РД-25-70
	barley
	25,0
	18,4
	16,7

	РД-2х25-70
	Wheat
	50,0
	30,6
	16,1

	РД-2х25-70
	Wheat
	50,0
	42,4
	36,9


The same data indicate that the efficiency of the cooling chambers of almost all grain dryers does not correspond not only to the manufacturer's data, but also to the actual performance.
The main reasons for this are: constructive imperfection of heating and ventilation systems, as well as understated volumes of cooling chambers of grain dryers, moreover, not only reconstructed in order to increase productivity, but also typical ones.
The technical condition of the heat-ventilation part of the cooling chambers plays a significant role (discrepancy between the numbers of fans, their speed, etc.), as well as the qualifications of the engineering and technical personnel is also important.

The effect of the operation of their cooling chambers is approximately equal and corresponds to the productivity of 16.7 and 16.4 plan.t / h in accordance with the data characterizing the operation of grain dryers Сelinnaya-20, moreover, installed at various enterprises, when drying grain of various crops.

As a counterexample, we can refer to the data characterizing the operation of the same type of grain dryers RD-25x70 and RD-2x25-70, installed at various enterprises. The effect of the operation of the cooling chambers of these grain dryers corresponds to the productivity of 16.7 and 16.1 t/h, although in the latter case the volume of the cooling chamber is twice as large.

2 Research of the influence of features of technology and designs of the burner device on heating processes during grain drying
2.1 Experimental evaluation of energy efficiency in drying grain
Grain drying is one of the most energy-intensive processes in agriculture. If the grain was harvested during the wet period, then the energy consumption for drying is commensurate with the total cost of harvesting from the fields. Grain drying has great potential for energy saving. Savings can be more than 50% if the process is correctly organized with a heat recovery system.
Grain drying can be divided into stages: heat generation, heat transfer and drying itself. Heat generation is carried out with the help of heat generators - special combustion chambers with a gas or water heat carrier. Gas heat transfer is more common, for example, in Finland and Estonia due to the simplicity and ease of maintenance. The efficiency of work is approximately the same for both heat carriers. Hot gas is transferred by gas pipes and air ducts from the chamber to the dryer using direct gas heating furnaces. The stove is located in a fire-isolated room, at some distance from the dryer due to fire safety regulations. The length of the pipes is only a couple of meters in the most successful scenario, although sometimes their length reaches 10 meters. Most often, these pipes are not insulated, which leads to heat losses to the environment and a decrease in energy efficiency.

Maintenance of furnaces is an important point. The inner surfaces of the furnace are covered with soot during combustion, which reduces the heat flux through the wall. For example, carbon black 3 mm thick can reduce efficiency by about 13% [3]. It is also important that the burners are in good condition. The fuel consumption and the amount of combustion air have been correctly selected and adjusted. Flue gas analyzers are essential for correct setup. The wrong amount of air can easily lead to a loss of 5-10% of heat (hence the fuel itself).

Dryers are usually mixed flow units with separate hot and cold spray channels. The structures of the various dryers are quite similar. The energy efficiency of the drying process depends on the heat loss in the dryer caused by the hot surfaces of the dryer, as well as the design of the dryer and the gas distribution inside the dryer, and also the volumetric gas flow rate.

Pilty [4] used insulating material for the hot surfaces of the dryer, resulting in a 10% reduction in energy consumption. At the same time, the dryer productivity has increased, albeit not significantly. The same results were obtained in [5]. A Swedish researcher [3] experimentally discovered more than 30% of heat losses in air ducts.
Peltola [4] and Siomi [6] have determined empirically the specific energy consumption during grain drying. Specific energy consumption according to their research was 103-164 g of liquid fuel per kilogram of evaporated water. This corresponds to 4.4-7.1 MJ per kilogram of evaporated moisture. These figures include heat production, heat transfer and drying process.
Therefore, there is a need to develop a methodology for measuring energy efficiency for grain dryers. The methods were chosen so that the instruments were easily accessible and mobile for transfer from one dryer to another.
Combustion chamber efficiency
The easiest way to determine the efficiency of a chamber is to evaluate its combustion efficiency. This is possible with portable flue gas analyzers. By measuring the content and temperature of CO2, CO and O2 in flue gases, the analyzer directly demonstrates the combustion efficiency to us. This type of measurement is based on an estimate of flue gas losses. More air is usually required for fuel combustion than is theoretically required (stoichiometric). The required excess air is expressed by the excess air equivalence ratio (, which is the ratio of the amount of air required for combustion to the theoretical air volume. Usually ( for gas burning is 1.05-1.1, for liquid fuel burning - 1.1-1.2, for wood chips burning 1.2-1.5 and firewood 1.5-2.0. Only oxygen is needed for combustion; nitrogen from the air passes inertly through the combustion chamber, which leads to heat loss. If the chamber structure and air / fuel mixing are poor, unburned fuel can be found in the flue gas. CO content is the main indicator of chemical incompleteness of combustion. Besides CO, unburned hydrocarbons and H2 can be found in flue gases. The total flue gas loss is shown in equation (1).
Qtot = Qflue gases ( Qunderburning




(1)
where Qtot – total heat loss of flue gases;

Qflue gases - heat loss with the heat of flue gases;

Qunderburning - loss of heat with unburned fuel in flue gases.

Heat losses (heat content of flue gases) can be calculated using equation (2) in liquid fuel furnaces [7]. As seen from equation (2), CO2 volumes and flue gas temperatures affect combustion efficiency. The theoretical CO2 content depends on the fuel. Usually it is 12 to 20%. The distribution and amount of combustion air in the oven affects the CO2 content. The flue gas temperature is provided by the surface of the heat exchanger inside the chamber. Combustion efficiency can be optimized by adjusting the amount and distribution of combustion air and keeping the flue gas temperature as low as possible. The latter can be achieved by selecting the dimensions of the heat exchanger, as well as the amount of fuel supplied.
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(2)

where Ql.f. - heat loss due to the heat content of flue gases when burning liquid fuels;

CO2 - content of carbon dioxide in flue gases;

Tf - flue gas temperature;

Ta - burning air temperature.

Gas analyzers are usually combined with a combustion efficiency control system. The analyzer directly shows efficiency by selecting the correct fuel and analyzing flue gases. The gas analyzer Testo-340 was used in our tests. The analyzer measures oxygen, carbon monoxide, nitrogen oxide and flue gas temperature. It calculates the combustion efficiency based on the carbon dioxide content. Accuracy of carbon dioxide readings is ± 0.2%, carbon monoxide readings ± 5%, and temperature readings ± 1 °C.
Heat loss in hot gas flow. Hot air is transferred to the dryer through the air ducts from the air heater. Pipes are usually not insulated, resulting in heat losses to the environment. Heat losses in a duct depend both on its surface and on the temperature difference between the hot air and the environment.

Heat loss can be measured with temperature sensors (eg thermoelectric thermometer). TChA (chromel-alumel) sensors were used in the tests. It is attached to the surface of the pipe and the instrument shows the heat flow from the hot surface to the environment. The sensor error according to the manufacturer's data is 5%.
Drying efficiency. Figure 1 shows air measurements during drying. The process starts at point 1, which is the air intake conditions in the drying unit. The air is heated at point 2. The enthalpy of the intake air was 37.9 kJ/kg at point 1. The enthalpy was 94.1 kJ / kg after heating. The enthalpy increased by 56.2 kJ / kg. As the air passes through the dryer, it absorbs moisture from the grain, which means that the specific humidity increases and the temperature decreases. The process takes place without heat loss (adiabatic process) at point 3. The specific humidity at point 3 is 25 g of water for each dry kilogram of air. At point 2, this amounted to 9 g/kg dry air. The amount of water in the air increased by 16 g/kg. In reality, heat loss occurs through the surface of the dryer, and part of the air can be lost from the dryer through leaks. The exhaust air relative humidity is usually below 100% theoretical. Point 4 is an example of the status of the exhaust air.
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Figure 1 - Example of a drying process
The measurements of the drying process are shown in Figure 2. By measuring the air conditions before and after the process and the air flow through the dryer, we can calculate the drying parameters. The grain dryer was instrumented according to Table 2. Data was collected using an Agilent 34970 datalogger and the results were calculated using Matlab software.

Table 2 - Sensor on the dryer
	Measuring point
	Sensor

	Oven air intake
	Type K thermocouple and humidity sensor Honeywell HIH 4000 at the fan inlet

	Dryer
	Type-K thermocouple and Hulton MSD 630 air flow sensor

	Air leaving the dryer
	Type-K thermocouple and Honeywell HIH 4000 humidity sensor on exhaust pipe


The amount of heat flow into the dryer is calculated according to equation (3). The temperature difference between the inlet to the chamber and the inlet to the dryer (inlet) is used in the equation, while we neglect the heat loss in the duct.

Q = са((Т(qm






(3)

where Q – heat flow;

ca – heat capacity of air, 1.0 kJ / (kg(K);
(Т - temperature difference between the entrance to the chamber and the dryer; 

qm – mass air flow.
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Figure 2 - Principle of measuring the drying process
Losses can be calculated from the air inlet and outlet enthalpy values using equation (4).
Qlos = (iin – iout)(qm




(4)

where Qlos - heat loss in the dryer;

Iin - enthalpy of air at the entrance to the dryer;

qm – mass air flow.

The specific consumption of the dryer can be calculated by integrating the energy used and calculating the dehumidification value using Equation (5). Specific energy consumption depends on the efficiency of the dryer, grain, as well as on the initial moisture content of the grain. The moisture content of the grain with the initial water supply requires more energy, because the flow of moisture from the center of the grain to the surface is slowed down.
Esdry  Edry / mmoi,





(5)
where Esdry - specific energy consumption for drying;

Edry - energy consumption of drying air;

mmoi - the amount of moisture removed from the grain during drying.

80% is considered normal combustion efficiency in a hot air chamber, and the best is around 90%. The measurement results of the dryer are shown in Table 3. As can be seen from the results, the combustion efficiency was high. Combustion efficiency is high in oil-fired gas burners when the burner is correctly adjusted and the nozzles are in good condition. Particular combustion efficiency is achieved by providing a vortex motion [8]. The authors of the study carried out the combustion of fuel oil, diesel fuel and water-fuel oil emulsion on an innovative vortex burner device.
Table 3 - Results of measurements of gas from the chamber
	Device
	Fuel
	CO ppm
	CO2 %
	Cooling gas temp. ° C
	Combustion efficiency%

	The combustion chamber
	Fuel oil
	303
	12,1
	122
	95

	Dryer 1
	Fuel oil
	0
	12,0
	254
	89

	Dryer 2
	Fuel oil
	18
	10,3
	241
	88

	Dryer 2
	Natural gas
	0
	9,3
	200
	91


Heat losses were measured in the dryer duct. The pipe surface temperature was 50-60 ° C. The ambient temperature was 18 ° C and the air temperature inside the pipe was 69 °C. The heat flux from the pipe surface to the environment was 300-500 W / m2, depending on the measurement location. The pipe diameter was 0.63 m and the length was 8 m. The pipe surface area was 15.8 m2, resulting in an average heat loss of 6.5 kW. The heat output of the furnace was 160 kW, so the heat loss in the tube was 4.1%.
Figure 3 shows a typical drying process. In the beginning, heat losses are high due to heating of the dryer structures and the grain inside the dryer. Heat loss was fairly constant, according to Figure 3, around 15 kW after the warm-up period.
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Figure 3 - Example test, light line - heat output, dark line - heat loss
Table 4 shows the results of the drying calculation.
Auxiliary equipment, elevator and blower are usually powered by electricity, and their power consumption is low compared to the total power consumption.

Table 4 - Measuring power consumption during drying
	Moisture removed during the process
	836 kilos

	Average moisture removal rate
	111 kilogram per hour

	Thermal energy used in the process
	1216 kilowatt

	Specific energy costs of the process
	1,5 kilowatt /kilos remote humidification 5,2 mega joules / kilos remote humidification


The dryer efficiency measurements can be divided into three stages: combustion chamber, heat exchange and drying process. Using the methods presented in this study, the energy efficiency was assessed and the reasons for low efficiency were identified. This measurement method will be used in subsequent studies on the efficiency of the dryer.

2.2 Influence of grain dryer design on drying processes
As design practice shows, the drying and cooling chambers of most (with few exceptions) grain dryers have the same design, although they have completely different processes.

In this connection, it made sense to analyze the design features of grain dryers from the standpoint of their complex impact on all processes typical for grain drying and, in particular, on such negative phenomena as drying and overheating, or, on the contrary, - non-drying and underheating of grain, as well as insufficient cooling of dried grain.

The following data on the non-uniformity of grain heating and cooling, as well as on the non-uniformity of air parameters in some surveyed grain dryers can serve as evidence of the noted deficiencies. In the first chapter of this report, their quantitative estimation was given, here the analysis is carried out by the units of the dryer.

The peculiarities of these dryers are the difference in design of pressure-distribution chambers, from which the drying agent or air enters the feed boxes (Figure 4).
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а - DSP, CWDF; b - Tselinnaya -50; c - DD-125; d - RD-2х25 (RD-25)
Figure 4 – Pressure distribution chamber constructions for grain dryers
In particular, in grain dryers DSP-32, CWDF and some dryers Celinnaya-50 with parallel circuit of air supply to the cooling chambers, drying agent and air is supplied to the boxes from the distribution chambers of rectangular shape (Figure 4, a). In such chambers it is impossible to achieve an even distribution of air throughout the cross-section of the mine and especially its height, but in grain dryers such as Tselinnaya-50 with sequential blowing of mines with air (Figure 4, b), in the intermediate distribution chamber is an additional alignment of the air flow and the air is more uniformly distributed over the cross-section of the mine intermediate cooling.

The most rational design of the wedge-shaped distribution chamber of the American grain dryer DD-125 (Figure 4, c). In such chamber the speed of drying agent and air flow over its entire length is constant, as a result of which they are evenly distributed throughout the cross-section of the mine.

Original design of two-zone pressure-distribution chamber was developed by CNIIPZP for RD-2x25 grain dryer (Figure 4, d).

The air passing through the first zone of the chamber, gradually expanding in height, is evenly distributed across its width; at the same time, the air flow speed over the whole section is equalized. Reflecting the inclined partition, the air enters the second zone of the distribution chamber and is evenly distributed throughout the cross section of the final cooling shaft, and after it - and on the cross section of the intermediate cooling shaft.

Their speed at the inlet of the pressure distribution chamber is also of great importance for uniform distribution of drying agent and air over the mine cross section. Thus, at a significant air velocity at the entrance to the pressure distribution chambers of rectangular shape in particleboard dryers, in practice there is even a grain discharge into these chambers from the boxes located near the place of the drying agent or air inlet.

This is explained by the fact that due to the high speed at the inlet opening there is a zone of rarefaction (in fact, there is the effect of a sprayer) and the grain, located at the inlet opening of the boxes, is taken out of them.

Of great importance is the difference in the density of the grain mass in the cross-section of the mine.

The effect of different density of grain mixture on the uniformity of air distribution across the cross-section of the mine is manifested in the fact that the air, seeking to pass along the path of least resistance, is in those areas where the grain has a lower density of laying. The highest air velocity at the outlet of the boxes are observed in places of accumulation of various lightweight impurities and where there is an increased speed of grain.

The density of grain stacking in the shaft of the dryer is affected by clogging and self-sorting of grain, as well as unsatisfactory work of exhaust mechanisms, leading to uneven release of grain on the cross-section of the mines.

Practice shows [9], that self-sorting of grain can be avoided by using special devices that exclude this phenomenon when loading grain into a drying hopper, as well as by using a pyramid-shaped structure of a supra-mine hopper with a drainage gravity flow.

In order to avoid loose laying, as a result of large straw impurities in the grain (heap), it must be cleaned on separators or in the heap cleaners before drying in the mine grain dryers, which is carried out rarely.

In many types of grain dryers outlet mechanisms of continuous and periodic action type VTI and VISHOM do not provide a uniform release of grain on the horizontal cross-section of the mine dryers due to the release of a small amount of grain at one opening of the shutter of the outlet mechanism, which leads to clogging and clogging of the outlet holes and thus contributes to the formation of stagnant zones in the mine.

Uniform release of grain with the use of these designs can be achieved only if the simultaneous release of a large mass of grain - 300-400 kg.

The same drawback is inherent in the screw exhaust mechanism grain dryer DD-125.

Developed by VNIIZ the design of waterless discharge mechanism of continuous action at its correct adjustment allows to provide more uniform release of grain on horizontal section of mines. It has been confirmed by researches, carried out by the Siberian branch of VNIIZ [10].

It is necessary to note, however, that the specified nonwater mechanisms are more expedient to use only for intermediate cooling chambers, and for final cooling chambers it is better to use the combined method of grain release, continuous and periodic. The efficiency of combined method of grain production is confirmed by the works of Siberian branch of VNIIZ and OTIPP [11].

From the data analyzed in Table 5 we can see that the greatest irregularity of air distribution along the mine cross-section is typical for grain dryers BSP-32 and SZS-8.

The increased values of the coefficient of variation of air temperature simultaneously indicate a significant non-uniformity of the grain flow along the mine cross-section. The same is confirmed by the coefficient of variation of grain temperature, the value of which is 70.5%.

Table 5 - Uneven heating and cooling of grain in surveyed grain dryers
	Indicators
	Grain dryer type

	
	DSP-32 with cooling 
	DSP-32
	DD-
125
	Tselinnaya-50
	RD-2x25-
70

	Average temperature of grain entering for cooling, °С
	58
	66
	62
	63
	51

	Limits of grain temperature change in the boxes of the lower row of the second drying zone, °С
	45-67
	44-96
	38-86
	-
	-

	Coefficient of variation of grain temperature on the boxes of the lower row of the second drying zone, %
	16,3
	30,0
	19,8
	-
	-

	The average value in the bottom row of the cooler boxes:
	

	exhaust air velocities, m/s
	6,0
	2,5
	7,5
	7,4
	4,8

	exhaust air temperatures, °С
	16
	9
	11,8
	7,2
	

	grain temperature, °С
	13-27
	6-26
	13-15
	8-17
	-

	Coefficient of variation on the boxes of the lower row of the cooler, %:
	

	exhaust air velocities
	38,2
	24,2
	12,2
	11,8
	18,8

	exhaust air temperatures
	60,0
	41,2
	2,9
	30,0
	-

	grain temperatures
	33,0
	70,5
	4,7
	37,0
	-


According to calculations in the grain dryer DSP-32 at the average air velocity in the bottom row of boxes, equal to 2.5 m/s, the limit of its variation for individual boxes was 1.65-3.47 m/s, the value of the coefficient of variation was 24.2%. The air temperature at the outlet of the lower row of boxes was within 5-16 ° C, with an average value of 9 ° C, the coefficient of variation was equal to 41.2%. This indicates that in addition to the uneven distribution of air over the cross-section of the mine there is a significant irregularity in the flow of grain from the mine.

The smallest irregularity of air distribution has been noted in grain dryers Tselinnaya-50, in which the sequentially-parallel scheme of blowing of mines by air is carried out (and, in the second zone of cooling of air is pumped from below - a classical variant, typical for dryers like particleboard), DD-125 and RD-2x25-70.
At the same time, it should be noted that the lowest non-uniformity between the temperature of exhaust air and the temperature of grain is observed in the grain dryer DD-125, which, in our opinion, can be explained by the significant specific air consumption per unit weight of the cooled grain (7240 m3 / ton of grain; or 2260 m3 / plan. t.; for comparison, in the best grain dryer RD-2x25-70, these figures are 2650 m3/t of grain, or 1635 m3/plane, respectively).

To reveal the best design of the air distribution chamber, the air speed at the outlet of the boxes was measured throughout the cross-section of the cooling shafts of grain dryers RD-2x25-70 and DD-125 [12]. It is established (Table 6), that the air is more evenly distributed over the cross-section of the dryer shaft RD-2x25-70 (variation coefficient 26%).
Table 6 - Distribution of air by the cross-section of cooling chambers of grain dryers (average statistical data of measurement results)
	Indicators
	Grain dryer

	
	RD-2х25-70
	DD-125

	Average air velocity at the outlet of the boxes, m/s
	4,88
	11,68

	Limits of change in boxes of air speed, m/s
	1,52...8,20
	5,70... 16,70

	Mid-square deviation ΣV
	1,27
	3,31

	Coefficient of variation Vv, %
	26,0
	28,35


According to the data in Table 6, it can be seen that in the dryer RD- 2x25-70 there is a more uniform distribution of air in the boxes, but this is not evidence that the design of the air distribution chamber of the dryer DD-125 (which has the shape of a wedge narrowing in the direction of air flow) is worse. Most likely, the obtained result is a consequence of the fact that in the RD-2x25-70 dryer the air flow rate in the chamber, and in the ducts, is about 2.4 times lower than in the DD-125 dryer (which, of course, causes a more even distribution of air).

It should also be noted that in the DD-125 dryer stagnation zones were found, formed due to a large number of large straw impurities, while in the RD-2x25-70 dryer continuous output of cooled grain was more uniform.

Uneven distribution of air in the boxes in all examined grain dryers (Table 5) also affects the unevenness of grain cooling on the horizontal section of the mines.

And also it is noticed the facts of carrying out of high-grade grain from discharge boxes at relatively small values of air velocity in them.

The reason for this should be considered an unsuccessful form and size of boxes used in drying and cooling chambers of grain dryers types of DSP, CZC, Tselinnaya-50.

When designing new box designs, it is necessary to strive for minimum air velocity at the grain layer outlet and maximum air velocity at the box outlet, if possible. Only under these conditions it is possible to intensify the cooling process.

Lack of boxes of existing types of dryers can be eliminated by deepening the bottom edge of the outlet boxes at 20-25 mm below the edge of the outlet opening, or by installing the jambs.

Experience in the operation of the dryer Tselinnaya-50 has proved the feasibility of such an action. The same confirms the experience of grain dryer DD-125, in which the lower edges of the outlet boxes are buried 25 mm [13].
The original shape of the box of variable cross-section is used in the grain dryer RD-2x25-70, however, the inserts used in them to prevent the removal of grain reduce the live cross-section for the release of air from the grain layer under the box and thus contribute to increasing the air speed and the removal of grain.

In the grain dryer RD-2x25-70 the influence of the degree of compaction on the grain removal from the intermediate cooling chamber is also noted.

Observations of Malina N.I. show that the uniformity of grain cooling along the horizontal section of the cooling chambers can depend on the uniformity of air distribution along the shaft cross-section of the cooling chamber, along the length of the box, on the different density of grain mixture laying along the shaft cross-section, on the work of the outlet mechanism.

Uniformity of air distribution along the length of the box depends on the design of the box itself, as well as the density of grain mixture on the cross section of the mine and the length of the box.

Ducts of the most common mine grain dryers have a constant cross-section along the whole length, which is impossible to achieve an even distribution of air. Therefore, boxes of variable cross-section should be considered more suitable.

Researches, with the purpose of revealing of additional to the specified reasons of non-uniform distribution of air on length of boxes, carried out on grain dryer Tselinnaya-50 having, according to the table 5, the best indicators on degree of uniformity of distribution of air on the cross-section of mine, with the driveless exhaust device of continuous action of VNIIZ design, providing the most uniform release of grain on the cross-section of mines.

In [14] it is described that the selection of exhales of cooled grain for temperature measurement was carried out in the outlet devices in four sections of the width of the mine, in each section - in three points along the length of the box: at the far wall (on the side of air inflow), in the middle and near the wall (on the side of air out of the mine). Only at 12 points under each of the cooling chambers. Selection of excavations and temperature measurement was made five times within 1.5 hours.

The results of work by N.I.Malina showed (Table 7) that the horizontal section of the mines, both in length and width, there is a significant non-uniformity of grain temperature. Thus, for the mine of intermediate cooling, the temperature of grain is within 37-55 ° C, and for the mine of final cooling - from 10 to 19 ° C, which shows the presence of significant unevenness in the distribution of air along the length of the boxes.

The difference in the values of coefficients of variation for the mine intermediate and final cooling (respectively, 11.8 and 19.1%) confirmed that the rapid release of grain, which is characteristic of the mine intermediate cooling, reduces the unevenness of the density of grain on the cross-section of the mine and the length of the boxes and thus contributes to an even distribution of air over the length of the boxes.
Table 7 - Uneven cooling of grain in the horizontal section of the shafts of a grain dryer Tselinnaya-50
	point number
	Grain temperature (°С) in cross-sections
	Average grain temperature, °С
	Coefficient of variation, %

	
	I
	II
	III
	IV
	
	

	Intermediate cooling mine

	1
	50
	53
	47
	41
	47,8
	11,7

	2
	50
	55
	51
	41
	49,2
	11,4

	3
	45
	53
	45
	37
	45,0
	12,4

	Average
	48,3
	58,7
	47,7
	39,7
	47,3
	-

	V,%
	11,6
	10,4
	11,8
	14,1
	-
	11,8

	Final cooling mine

	1
	12
	14
	18
	15
	14,8
	19,6

	2
	16
	18
	19
	19
	18,0
	16,0

	3
	10
	13
	13
	15
	12,7
	22,7

	Average
	12,7
	15,0
	16,7
	16,3
	15,1
	-

	V,%
	22,8
	19,2
	17,4
	17,7
	-
	19,1


Additional studies [13] to identify the characteristic for the examined grain dryers posone effect of moisture removal showed (Table 8) the following.

In shaft straight-line grain dryers (DSP-32 and DD-125) the main amount of moisture evaporates in the drying zones and only a small part (10.3-18.4 percent of the total moisture evaporated) is removed in cooling chambers.

In recirculation grain dryers of Tselinnaya-50 and RD-2x25 types, the greatest amount of moisture (51.4-57.1%) evaporates in the intermediate cooling shafts; in the final cooling shafts of these dryers, 13.0-19.6% evaporates, and in the heating chambers - 27.8-31.4% of the total amount of moisture evaporated.

Table 8 - Change in moisture (ω) and specific moisture content (ΔW) by individual zones of grain dryers (%) (average data for three series of experiments)
	Grain dryer type
	Initial grain moisture
	Zones

	
	
	heating (or drying)
	intercooling
	final cooling

	
	raw
	mix
	
	
	

	
	ω
	ω
	ω
	ΔW
	ω
	ΔW
	ω
	ΔW

	DSP-32 with remote cooler
	31,80
	-
	17,40
	89,7
	-
	-
	15,39
	10,3

	DSP-32
	24,45
	-
	16,80
	81,6
	-
	-
	14,82
	18,4

	DD-125
	29,00
	-
	14,75
	85,4
	-
	-
	10,45
	14,6

	Tselinnaya -50
	27,00
	18,50
	17,80
	31,4
	17,4
	55,6
	16,42
	13,0

	Tselinnaya -50
	27,66
	18,4
	17,50
	29,0
	15,36
	51,4
	14,91
	19,6

	RD-2х25
	25,7
	17,50
	16,81
	27,8
	16,16
	57Д_
	15,04
	15,1


Thus, if in mine direct-flow grain dryers the cooling zone is given the role of "lowering" the grain temperature, in recirculating grain dryers of "Tselinnaja" and "RD" types the role of cooling zones has considerably increased.
3 Justification of the main geometrical parameters of the burner unit and determination of its technological possibilities
3.1 Method for calculating the thermal balance of the combustion chamber of a grain dryer
The plant is designed to produce a hot drying agent, which is a mixture of combustion products and air, for a group of drying plants. Scheme of fuel combustion process and subsequent dilution of combustion products by air to obtain energy carrier in the form of a mixture of hot gases in a given amount of Gэн and with a given temperature (эн is shown in Figure 5.
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Вт – fuel consumption (kg/sec; m3/sec); tт – fuel temperature (ºС); dт – fuel moisture content (kg/kg; kg/m3); Gв – air consumption (oxidizer), supplied to the combustion chamber (m3/sec); tв – air temperature, supplied to the combustion chamber (ºС); dв – air moisture content (kg/m3); q3, q4, q5, q6 – heat loss in the combustion chamber, respectively, with chemical unburn, mechanical unburn, in the environment (through the cladding) and with the physical heat of slag (%); Gксг – combustion product consumption (m3/s); (ксг – flue gas temperature at the outlet of the combustion chamber (ºС); Iксг – combustion product enthalpy (kJ/kg; kJ/m3); Gв.см – air flow rate, supplied to the mixing chamber for dilution of combustion products (m3/s); tв.см – temperature of air, supplied to the mixing chamber (ºС); q5.см – heat loss to the environment in the mixing chamber (%); Gэн – energy consumption after the mixing chamber (m3/s); (эн – energy carrier temperature (ºС); Iэн – energy carrier enthalpy (kJ/kg; kJ/m3)
Figure 5 - Calculation scheme
Fuel and oxidizer (air) are fed into the combustion chamber. The combustion products formed in the process of combustion go to the mixing chamber, where they are diluted with additional air in order to obtain an energy carrier with a given temperature. The obtained energy carrier goes to the consumer (for drying fuel or other bulk materials). 

Input data for calculation: 

Fuel type and composition (%), fuel consumption (m3/s) Gэн (м3/s) and temperature of the energy carrier (drying agent), heat loss to the environment through the bundle in the combustion chamber q5 and in the mixing chamber q5см.

The temperature of gases at the outlet of the combustion chamber (ксг is determined by the adiabatic temperature of fuel combustion (т taking into account the pyrometric efficiency of the item (п:
(ксг = (т((п, 





(6)
where efficiency (п taken in the interval 60 ( 90 %.

Determination of the theoretical temperature of combustion (т is based on the method of sequential approximations. For definition of adiabatic combustion temperature of fuel (т as a result it is necessary to set it with the subsequent specification.

Useful heat emission in the furnace (kJ/kg, kJ/m3) when burning 1 kg of solid, liquid or 1 m3 gaseous fuel
Qт = Qнр+ Qтл +Qв.вн




(7)
where Qнр– the lowest heat of fuel combustion, kJ/kg (kJ/m3);
Qтл– the physical heat of the top drain, kJ/kg (kJ/m3);
Qв.вн– the heat brought into the furnace with air, kJ/kg (kJ/m3).

Physical heat of fuel
Qтл= стр ∙tт





(8)
where стр – heat capacity of the working mass of fuel, kJ/(кg∙К);
tт – fuel temperature at the inlet, in the furnace, 0С (accept = 80 оС).

Heat brought into the furnace with air:

Qв.вн= αт ∙ Vo∙ с’рв ∙ tв. 




(9)
where αт – furnace ratio;
Vo – theoretical air volume, m3/kg;
с’рв – average volume heat capacity of air, kJ/(м3∙К);
tв– air temperature, °С.
Knowing the useful heat generation Qт of the furnace, the theoretical combustion temperature (°С) is determined by the formula
	(т =
	Qт

	
	Voпг∙с’пг + 1,016∙(αт – l)∙Vo∙срв


(10)

where Voпг(VRO2 + VoN2 + VoH2O) – theoretical volumes of fuel combustion products, m3/kg;
с’пг, срв – average volume heat capacity of combustion products and air, kJ/(m3∙К).
Heat capacity of combustion products in the complex can be determined by averaged dependencies of solid fuel combustion:

спг = (1,59 + 0,004∙Wп) + 0,14∙kt; 



(11)

on burning fuel oil 
спг = 1,58+ 0,122∙kt; 




(12)

natural gas incineration 

спг = 1,57+ 0,134∙kt; 




(13)

where Wп  - given fuel humidity = Wп/Qнр, %∙кg/кJ;

kt – temperature coefficient of variation;

	kt =
	(т – 1200

	
	1000


,




(14)
where (т – expected adiabatic temperature, °С.

Heat capacity of air at high temperature
срв = 1,46 + 0,092∙kt



(15)
The expected adiabatic temperature (оС) should be set to:
- for solid fuels – 1600(1800 оС;

- for fuel oil and natural gas – 1800(2000 оС.
Permissible difference between the previously accepted temperature (т and the required value should not exceed 50°С, otherwise it is necessary to accept a new value of (т and clarify the values of спг and св.
Mixing chamber material balance
There are two input streams (Figure 5) and two output streams in the mixing chamber. Therefore, the energy balance will be composed of
Gв.см(срв(tв.см + Gкгс(скгс((кгс = Gэн(срв((эн((1 -q5.см),


(16)

where Gэн,(эн is specified in the source data;

q5.см – heat loss to the environment in the mixing chamber. Accept = 10(12 %.
Material balance
Gв.см + Gкгс = Gэн.




(17)

On the basis of these balances we will get the formula for the expense of Gкгс:

	Gкгс=
	Gэн(срв([(эн((1 -q5.см)-tв.см]

	
	скгс((кгс - срв(tв.см


 (18)
Calculate air flow rate Gв.см by formula (17).

Fuel consumption
Natural fuel consumption (kg/s) is determined by the following formula
	В =
	Gксг∙ (скгс∙(ксг -срв∙tв)

	
	Qт∙(ка6р


 (19)

where (ка6р – boiler efficiency (gross), %.
Calculated fuel consumption (kg/s) is determined taking into account mechanical incompleteness of combustion
Вр = В∙(100 –q4/100),





(20)

where q4– loss of heat from mechanical incompleteness of combustion, %.
Gross efficiency:

(ка6р = 100 – (q2+ q3 + q4 + q5 + q6).



(21)

Heat loss(%) with exhaust gases q2:
q2 = (Vг∙с’пг∙(ух –(т ∙Vo ∙ с’рв∙tв) ∙ (100 – q4)/(Qт)


(22)

where (ух – flue gas temperature at the combustion chamber outlet = (кгс, °С; 

q4– heat loss from mechanical incomplete combustion, %;
q3 – heat loss (%) from chemical incompleteness of fuel combustion;
q5 – heat loss to the environment taken 0,5 – 1,0 %;

q6 – heat losses with physical slag heat are accepted 0,5 - 1,0 % for coal and 0 % for fuel oil and gas.

On the basis of this calculation it is possible to determine the fuel consumption, which depends on the consumption and temperature of drying agent. Then by known fuel consumption the geometrical parameters of vortex burner are designed and selected. When using the vortex burner, there is practically no heat loss from mechanical and chemical incompleteness of combustion, because the vortex pre-furnace of the burner provides intensive mixing of fuel and oxidizer, thus ensuring complete combustion.
3.2 Technological possibilities of swirl burner application
To determine the technological possibilities of connecting the vortex burner device, a comparative calculation of burner connection schemes was made. Figure 6 shows the connection diagrams of the vortex burner device to the drying plant. Figure 6 shows the connection of the vortex burner through an injection device. In Figure 6, b shows the traditional method of connection through a separate air fan. In the first method, the mixing air is sucked in without the need for additional energy due to the design features of the injection device. In the second method, the mixing air is supplied by a fan. The purpose of the calculation is to determine the geometrical parameters of the injection unit and the energy consumption of the fan.
[image: image14.png]Burner

Air

injection device

mixing chamber

b)

drying agent




a) - with an injection device; b) - with a separate fan for air
Figure 6 - Burner connection diagrams

As the initial data for determination of geometrical parameters of the vortex burner injection device, the results of experimental works were accepted and given in [15, 16].

According to the experimental data, the results were obtained:

- The temperature of fuel combustion flame in innovative burner is about 1520 (С.

n the process of secondary air supply, the combustion products are cooled to 100(С, with simultaneous heating of air to the same temperature (100 (С).

To calculate the secondary air consumption we will make an energy balance:

V(г ∙ (г∙ cг∙ (1520-100) = V(в ∙ (в ∙ cв∙ (100-30),


(23)
where V(г and V(в – volume flow rate of combustion products and secondary air, m3/s;

(г and(в – density of combustion products and secondary air, kg/m3;

cг and (в – heat capacity of combustion products and secondary air, kg/m3.

From the balance sheet it follows that the secondary air flow rate V(в was 4,4 m3/s. 

As a result, the total flow at the outlet of the burner device will be equal: 

(V(= 0,64 + 4,4 = 5,04 m3/s.
Determination of the main dimensions of the injection mixer (Figure 7). Initial parameters: 

- combustion product consumption - 0,64 m3/s;

- quantity of sucked air from atmosphere - 4.4 m3/s;

- gas overpressure - 0.35 atm.
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1-nozzle; 2-convusor; 3-heads; 4-diffusor; 5-crater.

Figure 7 - Injection device injection device

Calculation of basic nozzle parameters:

Calculation of nozzle shape (р2=1 ат)
	[image: image16.png]
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in this case it is necessary to put a tapering conical nozzle.

We define the section of the gas nozzle required to supply 0.31 m3/s of combustion products at this pressure.
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where 
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- flow coefficient, accept 0,85;
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 - adiabatic constant, 1,31;
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 - combustion product temperature, 1793 К;
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 - gas constant of combustion products under normal conditions
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where 
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 - gas density.

Add the obtained values to the formula
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Determine the diameter of the output section of the nozzle
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Required volume injection coefficient
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The ratio of gas density to air density is:
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Substitute the obtained values into the basic injection equation, considering that the resistance coefficient of the burner 
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 is equal to the sum 
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 - the resistance coefficient of the air inlet device, and 
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 - the diffuser; on the basis of practical data, the numerical value of the coefficient 
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 can be assumed to be 0,2, then
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Neck diameter
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Diameters of cone dв and cone d3 are generally assumed to be approximately the same
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The crater diameter can be accepted
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Determine the length of the device:
- diffuser length
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0,523 = 0,889 m;
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- neck length
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0,523=1,569 m;
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- crater length
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0,523=0,732 m;
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- diffuser length
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where ( - diffuser expansion angle, taken to ensure continuity of gas-air mixture flow from the duct walls within 6-80.

The distance from the cut of the gas nozzle to the entrance to the cylindrical part of the mixer is taken within the limits of
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0,523=0,784 m.


(37)
3.3 Comparative calculation
The results of the experiment [15] and above were taken as the initial data:

- the amount of air supplied by the fan - 4.4 m3/s;

- excess air pressure - 3546 Pa.

Then the capacity of the fan 
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where η – fan efficiency, 65%.

N = 4,4*3546/0,65 = 24 kW.
The use of a burner design with an injection device increases the energy efficiency of drying by saving energy at the fan drive. However, for dryers of fluidized bed fluidized bed and if it is necessary to create more overpressure of drying agent, after mixing it is necessary to install separate fans.
CONCLUSION
The following results are based on the final study:

- Energy and technological flows have been analyzed on most types of drying plants existing in Kazakhstan (and not only). Weaknesses have been identified, as well as the potential for improving grain drying, mainly in terms of energy savings and hence fuel. An important aspect taken into account in the study is the content of harmful components in the drying agent, since their presence can negatively affect the quality of the grain and atmospheric pollution.

- An innovative vortex burner device adapted to the grain drying conditions with increased combustion efficiency. A high level of fuel burnup is ensured by the organization of an intense vortex in the form of a "mini-tornado" against the background of low losses from mechanical and chemical incompleteness of combustion (underburning). More and more detailed information is presented in the monograph that came out for the last reporting period (Appendix C). The principle of creating a drying agent was chosen - mixing as more efficient from an energy point of view.

The main result of the research as a whole is a ready-made design of an effective burner device that can be adapted to almost any grain drying installation.
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CYIIKA 3EPHA B PA3JIMYHBIX CJIOAX

Bay6ex A. A., Kymarynos M.I'., Kaptaxanos H.P.
EBpasuiickuii HaunoHaneHeli yausepcurer uM. JI.H.I'ymunesa

Aunotauusi. B cratee paccmarpusaercss 3GGEKTHBHOCTb CyLIKH M Harpesa 3epHa MpH
pa3l'll/[‘—IHl>lX COCTOSIHUSIX  CJIOSI. B KayeCTBe CpaBHMTeJ’IbHOl"O aHaJsa Bb]6paHbIj l'IJ'IOTHbII’[
MaJIOTIOABMIKHBIN CJIOH, TMJIOTHBIA TMOABM)KHBIM CJIOH, KHISIIIANA CJIOH, B3BEIIEHHBIA CIIOH H
nanaromuii ciaoi. [lpuBoauTcss 3aBMCMMOCTL pacxoja Temjia W TOMIMBA OT TEMIEPATypbl
CymHIbHOrO arenta. OnpeaeneH napaMerp, XapakTepu3y i 5GpHeKTHBHOCTb CYIIKH.

KaroueBbie c10Ba: CyIka 3epHa, pacXoJ| TOMINBA, KUMSALINH CIIOi, MafaoLHii CIIOM.

B Hacrosimee BpeMs CyIIECTBYIOT
PasnanYHble KOHCTPYKIHH 3€PHOCYLIMIIOK.
Mx  MOXHO  KiacCHQUIMPOBATH IO
COCTOSIHMIO CJIOSI 3ePHA B MPOLIECCe CYIIKH,
KOTOpBIE NeNuTCs Ha: TUTOTHBI
MaJIOIOABMKHBIA CIIOH, TUTOTHBIA
TIOIBMKHBIIN CITOH, KHUTISIIAR CITOH,
B3BEIIEHHBIA CJOW M MMaJarOIluid  CJIOMH.
TlpaBunbHeIl  BHIOOp CNOSL  3epHA  Juist
nporecca CyLIKH omnpesiensier
9] (exTHBHOCTD B LEIOM BCEil YCTAHOBKU
CYLIKH. Ob6paborka pe3ysbTaToB
uccnenosanuii [1, 2] no cywku 3epHa npu
Pa3IMYHOM COCTOSHUM CJIOS  TO3BOJIMIA
JOMOJIHUTh UMEHLIHEeCs u BBIIBUTb
ClIeNyIOLIHe OCOOEHHOCTH.

Harpes u cymka 3epHa B IUIOTHOM
MaJIONOIBUKHOM CJIO€: YEM HU3KE MCXOHAs
BI@XKHOCTb 3€pHA, TeM ObIcTpee OHO
HarpeBaeTcs; ueM BbllIE TEMIepaTypa
areHTa CyLIKH, TeM ObICTpee HarpeBaercs u
CyLIMTCS 3EpHO; nonst TernJa,
3aTPAuMBAEMOr0 HA HArpeB 3€pHA TeM
BBILIIE, YEM HIDKE €r0 UCXOHAS BJAKHOCTD,
MO Mepe Harpesa 3epHa, AONd Terma,
MIAYLIEro Ha HArpeB, YMEHbLIAETCS; 0
Tenia, WAYLIEro Ha MCHApeHHe BIArH, TEM
60J'IbLLle, YE€M BbBILIEC HUCXOAHAsi BJIAKHOCTb
3epHa, 0N TeIIa, 3aTpaduBaeMOro Ha
HCTApeHHe BJIArd, OCTAETCS MOCTOSIHHOI B
TeYEHHE BCEr0 Mpouecca CyWKH;, C
TMOBBILLIEHUEM TeMl'IepaTypr areHra CyLLlKl/I
BO3pACTAaeT JONA Temua, MAyLero Ha
Harpes, a J0JA TeIa, MAYLWero Ha
HCTapeHHe  BJarM -  yMEHbIIAeTCs
CyMMapHasi 1015 TeMa, 3aTPauuBaeMOro Ha
HarpeB M MCMapeHne BJArH MPAKTHIECKH He
MEHSETCs o Mepe TOBBILLIEHHS
TEMTIENATVNKRI  ATEeHTA CVITIKW® vnenhHhIe

3aTpaThl TETJIA HA HCMTAPEHHUE BIIATH MO Mepe
TIOBBILIEHHs] TEMIIEPaTyphl AreHTa CyUIKH

BHa4ajie¢ CHWXarTCH, a 3areM BHOBb
TIOBBILIAKTCA.

Harpes u cymka 3epHa B IUIOTHOM
TNOABHKHOM cjoe: C TOBBILIEHUEM
TEMIIEPATy Pbl areHTa CyLIKH
HUHTEHCUBHOCTb HCMapeHus BJIaru
BO3PACTAET; npu HCTONb30BAaHHHI

TIOBBILICHHBIX TEMIIEPATYpP areHra CyLIKH, B
HAuaJbHBI MOMEHT MMEET MeCTO Oouee

HHTCHCHUBHOE OXJTAXKICHHE
PeLUPKYIUPYEMOTO  3€pHA,  OJHAKO B
MOCIEAYIOWEM — 3€DHO  TeM  ObicTpee
Ha4yuHaeT HarpeBaTbCﬂ, yeMm BbILLIE
TeMmImeparypa areHra CyLIKH, B KOHEYHOM
urore, Oonee  BBICOKMM  3HAYEHHSIM
TeMImeparypbl areHra CYLUIKH
COOTBETCTBYIOT Oosiee BBICOKHE KOHEUHBIE
3HA4YCHUs1 TeMIIepaTypbl 3€pHa, C

TMOBBILIEHUEM TEMIIEPATYypPbl areéHTa CyLIKH
BO3PACTAET NONA TeIUIa, MAYIIEro Ha HAarpes
3epHa, YTO JKe Kacaercs MOIM Teria,
3aTPAYMBAEMOrO HA HCIAPEHHE BIATH, TO
oHa CHHIKAETCS! g TOBBILICHHEM
TEMIEepaTypbl areHTa CyLIKH; CyMMapHas
DO TemJia, 3aTPaunBAEMOr0 Ha Harpes
ucriapeHue BJlark HUMEET TEHACHUUI K
HE3HAYUTEJIbHOMY TIOBBIIIEHUIO C POCTOM
TEMIIEpaTypbl areHTa CYLKH, YACJIbHbIC
3aTpaThl TEMJIa HA WCHAPEHHE BIard MpH
U3MEHEHHUH TEMINEepaTypbl areHra CyLIKH
HOCSIT CKauK0OOPa3HbIit XxapakTep.

Harpes u cymka 3epHa B KHUMsLeM
CJIOe: 3€PHO, UMEIOIIee MEHbIINE 3HAUCHHS
BJIQXHOCTH, HArpeBaeTcst ObicTpee; uem
HIDKE WCXOIHAs BIAXKHOCTh 3€PHA, TeM
MeHpIIAst ~JONA  Temia, HAyIero Ha
ucnaneHuve RMATU" nons Tenna
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Pa3pa60TKa KOHCTPYKIOUN YCTAHOBKH! JIJIsi CYLUIKW 3€pHa B KUNALLEM CJIo€e n
3aKOHOMEPHOCTH TPOLECCa

AHHOTHLLI/IHZ B crarse paccMaTpuBaeTcsa HHTeH(‘,H(I)HKaHHﬂ nponecca CymKH 3a Cc4HeT
HCIOJIB30BaAHUA KHIAMEro CJ10sd. AAHaJ'l]’ITiH]')y]OTCﬂ NPOLeCChl TeIIO- 1 MaCCOO6M€‘,Ha, a TaKxKe
rasoAMHaMHKa B CJI0€ CYMKH. Ha ocnoBe anagnTHYECKHX BBIBOJIOB OIIpeJiesieHa 3(1)(1)(‘,KTI/IBH3.SI
KOHCTPYKIIHST }’(IT])()ﬁ('TB‘(L AJId CYHIKH 3€pPHA. B kadecTBe MeXaHH3MA MOCTOSTHHOTO KHIIAIEro Ciaod
B IIponecce CYMKH NPHHATA KOHCOMHAANHA BPEMCHH CYIIKH 0 MOMEHTa OCaKICHHA B 30HAX.

KuioueBble cioBa:  cymKa 3epHA, CYIIMIBHBIC AINApaThl, CYIIUIKH, TaCcTO0Opa3HbIe
NlaT‘epI/IaﬂbI, ]T(‘eB,"[OO)KH)KeHHhIﬁ Hian «KMHﬁITII{ﬁ» (‘,J'l()i;l. TEIJIOBOI pa(‘,‘{eT CYIIHJIKH.

DOI: https://doi.org/10.32523/2616-7263-2019-129-4-77-84

BBe,LleHl/le. CyLLleC'l'Bye'l’ MHOI'0 Pa3JIMYHbIX SMIIMPUYECKHUX JaHHBIX 110 OIlEHKe 3(b(l)eK'l‘HBHOC'1'H
nporeccoB cymku 3epua.  Ho pesyabrarel 9TuX paboT OMIMYAIOTCH JPYr OT JIpyra H3-3a
HAJIMYHs PA3/IMYHBIX (DOPM CBA3H BJIArH C MATEPHAJIOM CYIIKH, a TaKKe H3-33 Pa3HO00DA3Us
TEXHOJIO'MYECKIX ITPHEMOB B YCTAHOBOK 00€3BOXKHBAHMS 3€PHA.

ITpu npoxozKIeHun ra30B0ro NOTOKA Yepe3 CJIOi AUCIePCHOrO MaTepHasia Ha YacTHIB! JefiCTBYIOT
CHJIBI JABJIEHHsI, KOTOPbIE BO3PACTAIOT 110 Mepe YBeInIen s CKOPOCTH Ta30B. B auamasone ckopocreit
raza, IpH KOTOPBIX CHJIA JABJICHHs MEHbIIe CHIbI TAXKECTH CJI0sl MaTepHasa, IoCIeHNil ocTaeTes B
CIOKOHHOM cocTosiHmn. TBepble TacTHIbl HAXOAATCS B TECHOM CONPHKOCHOBEHIH APYT € APYTOM,
PACCTOSIHIIE MEZKIY HIMH I 00BEM CJI0s1 0CTAIOTCS MOCTOSHHBIMIL. C HOBBIMIEHHEM CKOPOCTH Fa30BOT0
MOTOKA, KOTZIA CHIIA JABJICHHS CTAHOBHTCS PABHOI CHIIEC THKECTH MATEPHANA, OH IPHOOPETAECT HOBBIC
CBOICTBA II TAKOE COCTOSAHIE HA3BIBACTCS KIIISIIIM.

B srom ciyuae 00bEM €108 HECKOIBLKO YBEIHTHBACTCSA, YACTHIBI [BIZKYTCS B OINPEICTEHHBIX
npezerax 9Toro oobéMa.  acTumel MaTepHana HAXOAATCH B KHIAMIEM COCTOSHHN B JOBOJBHO
MIMPOKOM [JMANA30HE H3MEHEHHsl CKOPOCTH ra3oBoro mnoroka. llpm masnbmeiimmesM mnoBbImeHnn
CKODOCTH Ta30B HAYMHAETCS YHOC 9acThi n3 ciaod.  Kumammii cioii sBisercs nepexomHoit
T‘Vlflp())'lHHaMﬂqe(‘KOﬁ O6J'la(‘,TblO C HeyCTOﬁ‘illBB]l\’lll pe‘/KHMaMH JIBUZKEHHs YacTHIL MaTepﬂaﬂaA

C: yBe;IH“leHMEM CKO})O(‘,’I'H raza B COCTOAHHMM KHIIEHHA ('()ll])O'I'HBJleHHe CJ104 IIpaK'l'H“Ie(‘,KH HE
HU3MEHdAeTCd U llplls.}lﬂ)}(éHH() paBHO €ero BeCy. led TIOBBIIMEHUN CKOPOCTH HA 'DaHUIe CIOKOIHOTO
U KHIIAIMEro CJjioes HaﬁJllOAaeTC}i CKa4OK I'uJpaBanveckKoro COnpoTHUBICHUS. th yMellbLLleHllM xe
CKOPOCTH CYIIIJILHOIO areHTa, T.e. IPH IepPeXo]e OT KHIIAMIEr0 COCTOAHMs K CIOKOHOMY, TaKOro
CKauKa He Habmojaerca. DTO dABJIEHHE MOXKHO OOBLACHHTL TEM, YTO Ul IPHBEJCHHS HACTHIL
B JIBIZKEHHE HEOOXOAMMO 3aTPATHTh JIOMOTHHTEIBHYIO SHEPIHIO HA ITPEOIOJICHHE MOBEPXHOCTHBIX
CHJT CHENJIeHud. Reﬂ"'—lHHa CKa4yKa 3aBHCHT OT paBMepOB JacTHll, HX yK.ﬂa}IKH H COCTOAHUSA
l]OBerHOCTH, c yBeJIH“IeHHeM CKO})O(‘,'I'H Cylll”.;leOl‘O are’Hra ][OpOBHOCTb MU BbICOTA CJI0dA
HEIPEePbLIBHO yBeJlH‘{HBaIOTCﬂ; OGbl‘[Ho B IIPAKTHYECKHX yCJlOBH}iX 3Ha4YeHue IOPO3HOCTH B ITOit
obsiacti u3Mmensiercss B npejenax 0,55 - 0,7. B kunsimem ciioe Kax/as 4acTHIA HHTEHCHBHO
OMBIBAETCsI IOTOKOM raza. CKOPOCTb OMBbIBAHHS HMEET IePEMEHHBIH IYILCHPYIOMHUil XapaKTep, 4To
HHTEHCH(DUIIPYET TeIIoMacCoOOMEHHbIEe PoLecchl. B nporecce Kunenus MPOUCXOANT COYAapeHue
YACTHI[ U BCJIEJCTBHE TOrO TYPOYIM3AlUs MOIPAHHYHOrO C10si. B eannnie obbema ammapara
OIHOBPEMEHHO HAXOANTCA OOMBIIOE KOMMIECTBO YACTHIL, IOBEPXHOCTL KOTOPBIX YYacTBYeT B
reromaccoobmene [1].

OcuoBrast gacrb. OfHnM 03 BaKHEHMNX MaPaMETPOB, Onpeaessomux 3(heKTHBHOCTL
CYIIIBHON YCTAHOBKI, SIBISAETCS €€ THIPABIITECKOE COMPOTHBICHHE, KOTOPOE CKIAIBIBACTC H3
CONMPOTUBICHIIT rA30PACIPEICTNTeNbHOIl PEMIETKN I €105 MaTepuana. B pesymbrare Bo3zeiicTBis
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Testing of the vortex burner device

Abstract: The article describes the experimental studies of the iunovative vortex burner device.
The techmique of the experiment is described in detail. The results of the experiment are given. The
values obtained are analyzed. The efficiency of this type of device is justified. The achieved level of
the combustion temperature in the device is about 1500 ° C It makes possible to burn effectively fuel
and use the equipment as a heat generator. High velocities at the exit of the combustion chamber
of about 160 m/s provide improved mixing.

Keywords:: vortex burner device, liquid fucl, experiment, combustion chamber, thermal stress.

DOLI https://doi.org/10.32523/2616-7263-2019-129-4-23-27

Introduction. Within the couditions of stocks reduction of organic fuel, its more effective comn-
bustion is of great current interest.

A group of scientists from L.N. Gumilev Eurasian National University developed the design of the
vortex burner device, which according to the author of the patent [1] is able to burn various types of
organic fuel more efficiently due to the formation of an artificial vortex in the preliminary chamber.

The Intense vortex will allow us to burn non-standard fuels, such as a water-oil emulsion, coal-
water suspension, used oils, etc.

Researchers made a field tests of a vortex burner (Fig. 1) in February 2019. Diesel fuel was
selected as fuel.

Initial data:

- Fuel type - diesel fuel (winter type);

- Fuel composition:

C,%|H
1

%S, %] 0,%| N, % | Q, MJ/kg
86,3 3

03 | 0,05 | 0,05 124

- Initial fuel temperature: £ =5 °C;

- Fuel density: p; = 840 kg/m By

- Initial air temperature: t,; =5 °C.

Fuel is fed into the burner device tangentially through the side entry. The amount of air required
for combustion is supplied with the fuel. Spin of flow, heating of the mixture, partial combustion,
it’s narrowing and significant acceleration occur inside the main chamber, which has a positive effect
on the mixture formation of the fuel and oxidant.

Experimental Test. The experiment proceeded in accordance with the following stages:

1. The fuel supply to the main fuel channel with a tangential twist. Twist occurs naturally,
spoutaneously.

2. Tguition of fuel. Iguition device is necessary for the implementation of this stage - electric spark
or a small torch-igniter.

3. Selection of air quantity. Air consumption for the combustion was changed by the moving of
the position of the gate. The amount of air gradually increased till the visually observable steady
burning, when the flame shines brightly and does not break (Fig.2).

4. Measurements. Measurement is made on the following indicators:

- The temperature at the epicenter of combustion. The main measuring device is a quasi-
monochromatic pyrometer with a disappearing filament (Fig.3). The maximum temperature mea-
surement limit is 5000 ° C. Tungsten rods were installed for the effective taking of readings with
radiation in the direction of the flame. The rods create an barrier, they become hot under the
influence of the flame and begin to generate radiation, which is equivalent in temperature to the
radiation of the flame itself.
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Cmamea onuchleaem IKCHEPUMEHMATbHBLE UCCAED0BANHUS
BUXPERO20 20PENOYHO20 YCMPOUCINEA UHHOBAYUOHHOU KOHCMPYKYUU.
Memooduka npogedenus s3xcnepumenma noopodro onucana. [pugooames
pesyasmamst. Ilonyyennvie 3navenus ananuzupyoncs. Obdocnosana
pabomocnocobrocms yempoucmaa nodobnozo muna. Jocmuzuymotil
Jpoeens memnepamypel 2opeHus 8 yempoticmae oxkono 1500 °C nozgonaem
Appexmusno cocuzame MONTURD U UCHOTLIOBAML 000pYI0BANUE &
kauecmee menozenepamopd. Boicokue cxopocmu na gbixoode u3 kamepwl
orono 160 m/c obecnewugaiom yyuuiennoe cmeceobpazosanue.

Kuwueswie ciosa: guxpegoe 2opeiodnoe yCmpoucmen, Huokoe
MONIUGO, IKCNEPUMENIN, KAMEPA C20PAHUS, MEPMULEeCKOe HANPANCeHUE.

BBEJEHUE

16 ¢espans 2019 roga coTpyaHHUKH EBpasniickoro HAUWOHATLHOTO
YHUBEPCUTETA IIPOU3BOMUIN «IIOJEBEIE» OIBITHBIE HUCIBITAHUS BHXPEBOIO
roperaoaHoTo yeTpoiicta (prc. 1). B kadecTse ToINmMBa OBLT0 BEIOPAHO TU3ETbHOE
TOILINRO.

UcxoaHeie naHHbIE:

— Tun TomnmBa — IU3eNLHOE TOINIMBO (3UMHEE);

— CocraB ToIUIUBA!

% | H%|S%| 0% N % r, MIne/ce

1

86,3 13,3 0,3 0,05 0,05 424
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Power Efficient Vortex Burner Device

Baubek A.A., Zhumagulov M.G., Kartjanov N.R.
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Abstract: This article dwells on the scientific study of the vortical device for the
efficient combustion of fossil fuels. The innovative burner device under investigation
is based on principal of vortical motion of fuel air mixture. There is a precombustion
chamber, where inflammation and partial combustion of the swirling flow takes
place. The article describes experiment on defining the geometric dimensioning of
the burner discharge nozzle in relation to a combustion chamber. During the
experiment, the exhaust nozzle was moved into the chamber. The recommended
degree of deepening is 47-50% of the total length of the precombustion chamber.
Mathematical model has been developed and discussed in the article too, which
enables to calculate the distribution of the tangential speed of the swirling flow, the
distribution of the angular velocity, static pressure drop, and air resistance loss in
the space of the vortical burner chamber (precombustion).

Keywords: fossil fuels; burner; vortical burning; combustion; hydraulic friction; flow
velocity.

Introduction

Within the conditions of stocks reduction of organic fuel, its more effective combustion
is of great current interest.

A group of scientists from L.N. Gumilev Eurasian National University developed the
design of the vortex burner device, which according to the author of the patent (Baubek
A., 2012) is able to burn various types of organic fuel more efficiently due to the
formation of an artificial vortex in the preliminary chamber.

UTUFEM 2019 | Book of Proceedings 1140
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Experimental test of Water-Oil Emulsion Combustion
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Abstract. This report dwells on the scientific study of the vortical device. The device is designed for
efficient combustion of fossil fuels. Oil-water emulsion was taken as an example of altemative fuel.
Although the functionality of the burner device is not limited to this fuel only. The innovative burner device
under investigation is based on principal of vortical motion of fuel air mixture. There is a precombustion
chamber specially designed, where inflammation and partial combustion of the swirling flow takes place.
The article describes experiment on defining the geometric dimensioning of the bumer discharge nozzle in
relation to a combustion chamber. The position of the outlet nozzle inside of the burner is the main input
parameter of this research. The authors analyzed the influence of this parameter on the pressure inside the
combustion chamber and the electric load of the fan for the supplying combustion air. The position ranged
from 0 to 120%. The optimal position is at 50% of the total length of the burner chamber. The pressure
graph has an extremum in this position, and the electric energy consumption by the fan changes less
significantly with further deepening of the output nozzle than earlier. The Results are presented for cold (air
blowing only) and hot experiment (burning). This experiment proved the need for the design of the inner
part of the discharge nozzle, which is a design feature of the burner device for which the European patent
'was obtained. The patent link is presented in the list of references.

projected industrial and heating boiler houses, the
heating of fuel-oil residual delivered in railway tanks is
provided by means of water vapor, which leads to wide
range watering the fuel (from 5 to 20%). Burning of
watered fuel-oil residual without preliminary preparation
causes disturbance of buming process (down to
extinction of the flame) and reduces the economical
efficiency of fuel-burning plants [1]. Creating a water-oil
emulsion with a stable degree of homogeneity allows us
to burn the mixture effectively without separating the
fuel from the water [2-5]. The ecological performances
are also increasing [6-11].

1 Introduction

Today, fuel-oil residual is used as a backup and
sometimes primary fuel in most of the traditional thermal
power plants in the world.

Fuel-oil residual is a type of oil fuel obtained from
heavy refinery residues. Fuel-oil residual is, in fact, a
mixture of hydrocatbons with a molecular mass of
4001000, petroleum resins (with a molecular weight of
500-3000), carbenes, carboids, asphaltenes and other
organic compounds.

Watering of fuel-oil residual occurs already at the

stage of petroleum recovery -when it leaves the well
together with the oilfield water and in oil desalting
process.Further increase of moisture in residual fuel oil
occurs when they are transported, prepared and stored
1.

In petroleum products, water can be contained as
simple suspensions, then it is easily settled during
storage, or in the form of a stable emulsion. The
formation of stable oil emulsions leads to large financial
losses. After separation of water from oil in
sedimentation tanks and reservoirs, some part of oil is
discharged together with water in the form of an
emulsion and pollutes waste waters [1].

When fuel-oil residual of high viscosity is used in
boiler houses as a liquid fuel, difficulties arise in
preparing them for combustion. In most operating and

* Corresponding author: zhme_9@mail.ru

The purpose of this study is to justify the burning of
fuel-oil residual in the form of a water-fuel emulsion
replacing a long and sometimes costly settling and
burning of fuel-oil residual as such.

For successful implementation of the task it is
necessary to fulfill 2 conditions:

1. Homogenize the mixture of fuel and moisture in a
special device (for example, a dispersant). This issue is
widely studied in world practice, therefore it is not
worthwhile to dwell on it in detail. The dispersant used
by us is cavitating.

2. Effectively mix water-fuel emulsion with an
oxidant (air) in a burner.

Further information in the article concerns the second
condition.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(hithJlereitivacbrimsns oraicensesibyid.on.
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TECHNICAL SPECIFICATIONS AND CALENDAR WORK PLAN

to Agreement No. /32 dated /2.03.2018.

1. Republican state enterprise on the right of economic management "L.N. Gumilyov
Eurasian National University" of Ministry of Education and Science of the Republic of
Kazakhstan

1.1 By priority: Sustainable development of the agro-industrial complex and safety of
agricultural products

1.2 By sub-priority: Implementation and commercialization of the results of scientific and
technical activities

1.3 The topic of the project: AP05131031 "Implementation of a burner device for drying
grain in the agro-industrial complex"

1.4 The total amount of the project: 32,000,000 (thirty-two million) tenge, including with
a breakdown by years, for the performance of work in accordance with paragraph 3:

- for 2018 - in the amount of 11,000,000 (eleven million) tenge;

- for 2019 - in the amount of 10,000,000 (ten million) tenge;

- for 2020 - in the amount of 11,000,000 (eleven million) tenge.

2. Characteristics of scientific and technical products by qualification characteristics
and economic indicators

2.1 Direction of work: Applied research. Introduction of a grain dryer burner

2.2 Scope: Agro-industrial complex

2.3 End result:

- for 2018: A report will be drawn up on the current state of grain drying technology and
methods to improve its efficiency. An application for an invention of the Republic of Kazakhstan
will be submitted.

- for 2019: A report will be drawn up on the theoretical development of ways to reduce
energy consumption for grain drying. Bench tests on fuel combustion will be carried out c. vortex
burner and the influence of operating modes on combustion efficiency. One article will be
published in peer-reviewed foreign scientific journals with a non-zero impact factor, one
publication in journals recommended by the KKSON MES RK.

- for 2020: A research report on the efficiency of the burner will be drawn up. Two articles
will be published in peer-reviewed foreign scientific journals with a non-zero impact factor, one
publication in journals recommended by the KKSON MES RK. A monograph will be prepared.

2.4 Patentability: An application for an invention of the Republic of Kazakhstan will be
filed.

2.5 Scientific and technical level (novelty): Scientific and technical novelty

confirmed by European patent EP2864700.

2.6 The use of scientific and technical products is carried out: Joint use in accordance
with the legislation of the Republic of Kazakhstan.

2.7 Type of use of the result of scientific and (or) scientific and technical activities:
Burner device for drying grain, publications, monograph.




Calendar plan

	Job code, stage
	The name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected result

	
	
	start
	ending
	

	1.
	The current state of the technology of drying grain and methods to improve its efficiency
	01.02.2018 year
	01.11.2018 year
	The current state of the grain drying technology and methods of increasing its efficiency will be studied.

A report will be drawn up on the current state of the grain drying technology and methods to improve its efficiency.

An application for an invention of the Republic of Kazakhstan will be submitted.

	1.1
	General information on measures to save fuel for drying grain
	01.02.2018 year
	30.03.2018 year
	General information about measures to save fuel for grain drying will be collected. A report will be drawn up on measures to save fuel for grain drying

	1.2
	Normalization of fuel consumption for drying grain


	01.04.2018 year
	30.06.2018 year
	The regulation of fuel consumption for grain drying will be determined. A report will be drawn up on the rationing of fuel consumption for grain drying 

	1.3
	Heat and moisture exchange during drying


	01.06.2018 year
	30.09.2018 year
	Heat and moisture exchange during the drying process will be determined. There will be a calculation of heat and moisture exchange during the drying process.

	1.4
	Modern technology of grain drying. Making a burner


	01.10.2018 year
	01.11.2018 year
	The modern technology of grain drying will be studied. A burner device will be manufactured.
A report on modern grain drying technology will be drawn up. A prototype burner will be created.

	2
	Theoretical development of ways to reduce energy consumption for drying grain. Bench tests for burning fuel in a vortex burner and the effect of operating modes on the efficiency of combustion.


	01.01.2019 year
	01.11.2019 year
	A theoretical development of ways to reduce energy consumption for grain drying will be carried out. Bench tests on fuel combustion in a vortex burner and the effect of combustion efficiency will be carried out. A report will be drawn up on the theoretical premise of reducing the cost of heat for drying grain based on the analysis of the heat balance of the grain dryer. One article will be published in peer-reviewed foreign scientific journals with a non-zero impact factor, one publication in journals recommended by the KKSON MES RK.

	2.1
	Theoretical prerequisites for reducing heat costs for drying

grain based on the analysis of the heat balance of the grain dryer


	01.01.2019 year
	30.03.2019 year
	Theoretical prerequisites for reducing the cost of heat for drying grain based on the analysis of the heat balance of the grain dryer will be carried out. A report on the analysis of the structure of costs and heat losses for grain drying will be prepared.

	2.2
	Analysis of the structure of costs and heat losses for drying grain


	01.04.2019 year
	30.06.2019 year
	Analysis of the structure of costs and heat losses for grain drying will be carried out.
A report will be drawn up on the main ways of intensifying the grain drying process. Results of bench tests on fuel combustion in a vortex burner and the effect of operating modes on combustion efficiency.

	2.3
	The main ways to intensify the drying process of grain. Bench tests for burning fuel in a vortex burner and the effect of operating modes on the efficiency of combustion.


	01.07.2019 year
	30.09.2019 year
	The main ways of intensification of the grain drying process will be determined. A stand will be made for testing fuel combustion in a vortex burner and the effect of operating modes on combustion efficiency. A report will be drawn up on measures to reduce energy consumption for grain drying.

	2.4
	Measures to reduce energy consumption for drying grain


	30.09.2019 year
	01.11.2019 year
	Measures will be taken to reduce energy consumption for grain drying. A report will be drawn up on the theoretical premise of reducing the cost of heat for drying grain based on the analysis of the heat balance of the grain dryer.

	3.
	Industrial studies of basic types

grain dryers. Certification tests of an innovative burner


	01.01.2020 year
	01.11.2020 year
	A study of the efficiency of the burner will be carried out. A report on the study of the efficiency of the burner will be drawn up Two articles will be published in peer-reviewed foreign scientific journals with a non-zero impact factor, one publication in journals recommended by the KKSON MES RK. A monograph will be prepared.

	3.1
	The study of the efficiency of the burner device in accordance with the standards of technical operation


	01.01.2020 year
	30.03.2020 year
	A study of the efficiency of the burner will be carried out in accordance with the standards of technical operation. A report will be drawn up on the study of the efficiency of the grain dryer burner in accordance with the technical operation standards.

	3.2
	Investigation of the influence of technology features and burner device designs on heating processes during grain drying


	01.04.2020 year
	01.06.2020 year
	A study of the influence of the features of the technology and designs of the burner on the heating processes during grain drying will be carried out. A report will be drawn up on the study of the influence of the features of technology and designs of grain dryers on heating processes during grain drying.

	3.3
	To substantiate the basic geometric parameters of the burner plant, which does not contain carcinogens in combustion products, to make a prototype and to determine its technological capabilities


	01.07.2020 year
	30.09.2020 year
	The main geometrical parameters of the burner, which does not contain carcinogens in combustion products, will be substantiated, a prototype will be manufactured and its technological capabilities will be determined. A report on the validity of the main | the geometrical parameters of the burner, which does not contain carcinogens in the combustion products, the manufacture of a prototype and the determination of its technological capabilities.

	3.4
	Conduct an industrial test of the developed technology, test. burner device in the conditions of granaries, calculate its effectiveness. Certification tests of an innovative burner
	01.10.2020 year
	01.11.2020 year
	A production check of the burner will be carried out in the conditions of granaries, and its efficiency will be calculated.

A report will be drawn up on carrying out production checks of the developed technology, testing the burner device in grain storage conditions, calculating its efficiency.
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