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Abstract. The paper presents the possibility of using bark and wood waste as a fuel in small and
medium power engineering. Methods for eliminating the problems of utilizing low-grade fuels from
various types of waste are proposed. The results of field experiments and CFD-numerical simulation
of burning such fuels showed the possibility of their effective use in the power industry.
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Trends in the development of the modern energy industry require an increase in the environmental
and economic indicators of boiler plants. The main criterion for assessing the efficiency of the boiler
operation is the cost of fuel. It is obvious that one of the main ways to increase the economic indica-
tors of low and medium power boiler plants is to involve various biofuels in the fuel balance or co-
combustion of low-grade coals and solid fuels from plant biomass.

One of the varieties of plant biomass, which has found wide use as fuel for low-capacity boilers, is
the waste of agricultural enterprises, such as husks of various cereals (oats, buckwheat, sunflower,
etc.). Another type of plant biomass is considered to be waste wood processing industry. Since the de-
scribed varieties do not represent or are not the main product of enterprises, it is possible to use them
rationally as fuel for the energy industry.

Burning in boilers of medium power, shredded wood and plant waste is a significant problem be-
cause of the difficulty of keeping light sailing particles in the process of burning them and because of
the possibility of the formation of significant ash deposits in the furnace and in the heating surfaces of
the boiler . When particles are carried away from the furnance, there is a danger of periodic fires in the
ducts and ash collectors of the boiler as they are underburned. Existing technologies of co-combustion of
low-grade fuels, such as lignite and high-moisture bark and wood waste (BWW), have a number of dis-
advantages that do not allow full use of the energy incorporated in the fuel.

In the fuel laboratory of the department of boiler and reactor designing of ASTU, in order to assess
the dynamics of the processes of drying, pyrolysis and combustion of fuel, according to a preliminary
description of the processes occurring in it, experiments were carried out at the Mekhanotron pilot
plant, which allows to obtain dynamic characteristics of the physical properties of the fuel under inves-
tigation (Fig. 1). In this installation, wood waste particles of a fixed mass of 0.5 ... 1.5 g were burned
at temperatures up to 600 ... 900 ° C.
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1o — the time before the particle is heated, t. — the particle drying time, 15, — time of release of combustible

gases from the particle of fuel, 1.« — burning time of coke residue, T — time of particle burnout, T:=tc+Ts 5 +Trx.
Fig. 1. Dynamics of thermal decomposition of fuel combustible gases at the Mekhanotron

During the experiments at the facility, the processes on wood samples were studied and graphical
dependences of the change in the particle mass on its residence time in the high-temperature zone were
obtained (Fig. 1). dependences of the volatile yield on the decomposition temperature were estab-



lished, the temperature of the maximum combustible gases was determined. For sawdust, wood bark
of the upper and lower parts of the trunk, the volatile yield is presented in Figure 2.
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Puc. 2. Graphic dependence of the volatile sawdust yield on temperature

Due to the high yield of volatile substances of wood, the combustion process in the initial stage dif-
fers significantly from the stage of burning coke. The process of formation of combustible gases and
pyrolysis are the sum of a series of successive and parallel reactions (Fig. 1).

A profile of the combustion chamber is proposed, in which particles of polyfractional fuel with
high windage and low density are kept inside the furnace due to the inertial separation principle (Fig.
3). This method was adopted due to the low efficiency of gravity separation of wood waste, imple-
mented in most existing boilers.

Fig. 3. Experimental bench modeling of vortex aerdynamics

Based on the obtained experimental and calculated data, a number of projects of boiler units with
multiple circulation of fuel in the furnace have been developed: KVm-5.0vDO boiler for burning
wood waste (Fig.4) with a TNFG furnace, which is currently manufactured by BarnaulEnergoMash
LLC, and a water-heating unit of the KVm-5.0VOO boiler installed on an inclined push-up grate pro-
duced by the Belarusian Plant of Leterm boiler equipment (Fig. 5).

In the first version of the boiler unit KVm-5.0VDC used TNFG furnace. The aerodynamic design
of the KVM-5.0 DVO is shown in fig. four.

The retention of fuel particles in the furnace to their deep burnout was ensured by multiple twists.
Accordingly, in the CFD software package, the tasks of identifying the overall picture of the aerody-
namic situation and its detailing, identifying the determining factors for the organization of the vortex
flow were solved.
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Fig. 4. KVM-5.0VDO hoiler for burning wood waste
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Fig. 5. KVM-5.0VDO boiler for burning wood waste with inclined-pushing grid

The following system has been proposed for incineration: chopped wood waste is fed by a feeder
into a furnace in which combustion takes place according to the combined flare-layer technology (Fig.
4). At the same time, heavy particles pass along an inclined and horizontal grate, while burning, while
small particles are captured by an ascending aerodynamic flow and burn in a whirlwind. The ash col-
lector installed behind the boiler allows the return of unburned fuel particles to the combustion cham-
ber by means of the exhaust smoke exhauster and the nozzle return system nozzles. In such a firebox
with inertial retention of small particles both in the fire chamber itself and beyond its limits (the VCA
system) there is an almost complete burnout. In fig. 6 shows a 3D model of the developed boiler plant
KVM-3.0VDO.

This technology provides a deeper burning of combustible and, as a result, increased efficiency and
high environmental performance of a hot water boiler, shown in Fig.6. Combining the layer and flare
combustion allows for the mutual maintenance of combustion and uniform filling of the entire furnace

with a torch (Fig. 5).



Fig. 6. 3D-model of a KVM-3.0VDO boiler plant for burning wood waste with an ash return system

For the burning of agricultural waste (husk of sunflower or buckwheat) on boilers of small capaci-
ty, it is most reasonable to use retort furnaces to supply fuel to the combustion chamber of the boiler

(Fig. 7).

Fig. 7. KVM-0,4SDC boiler for burning wood and agricultural waste on the retort furnace

For high-moisture fuels beyond the area of autogenous combustion and for boilers with a capacity
of more than 25 MW, it is recommended to use a combustion device with a forced low-temperature
fluidized layer. This technology makes it possible to burn almost any kind of high-moisture fuels and
combustible waste (coal preparation waste, milled peat, vegetable waste, including sunflower and
buckwheat husks, high-quality diffuse residues, furniture production waste, sawdust, chips, lignin) at a
relatively low temperature (800-1000 degrees) without sintering the layer (Fig.8).
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1 - Forced-bed fluidized layer furnace, 2 — Forced-bed fluidized bed furnace, 3 — Rotary gas duct, 4 — Flue
gas recirculation unit
Fig. 8. KV-25-150FKS bhoiler

The presented developments of boiler units with high environmental performance using multiple
circulation, retort fuel supply, forced fluidized bed are proposed for widespread introduction into small
and medium energy systems, which will allow rational use of waste from agricultural and woodwork-
ing enterprises and reduce the consumption of traditional energy resources such as coal.
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