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Abstract: One of the most important issues in choosing &rfgeaystem is the question: What kind of fuel barburned
in given heating system. Modern automatic solid halers are often specialized only on a narrongeaof suitable
pellet materials. Pellets from cheaper sourceab@ beginning to appear on the market. Howevenyniarners are
unable to burn these new types of pellets withmurificant burning problems. The article deals vitib influence of the
proper construction of the burner on the smoothmésthe combustion process and the smooth operatiotihe
combustion equipment. The results of the experim@otument the continuity of the combustion plarthe combustion
of less quality pellets containing bark using mm@dern combustion technologies. In fact, less guptllets cause the
formation of ash sinters which cause the continummbustion process to be interrupted, resultinfjuictuations in
equipment performance and the onset of thermabudifmt. The results showed no problem with burréwgn when
making sinters, but also showed a fluctuation iriggenance and the need for manual control, espgcidlen heating
or clogging the supply pipe. They also showed §icamt damage to pellets in the worm feeder seclitiese problems,
therefore, ultimately require further researchrisuge complete, seamless operation.

1 Introduction entering the burning process. They also settibebtrner
1.1 Solidfuds walls and cause a reduction in the combustion spanss

Automatic small heat sources for solid fuels mostection [5]. The burner burners are particularsceptible.
frequently use wood pellets as fuel. Pellets analls The article deals with th_e appropriate design eftibrner
granulated cylinders of circular cross-section wih With respect to the mentioned problem.
diameter of 2.5 to 8 mm with a length of up to 5[dn2].
Their unquestionable advantage is their normaliied, 12
which allows us to continuously run the combustorm
control the output of the combustion equipmenteesiad.
In addition, we can use different types of matsritd
produce new types of fuel. However, this trend aisogs
with it some problems. The use of less quality Aemfor
combustion, changes the chemical composition ofitee  combustion is gravity, which acts on the unburnelteps
and, in particu|ar' the ash content of the substsnthese as well as on the burnt residue of the ash. Thasedhwill
substances in plant fitness have been shown to &mvenot become such a problem because small ash particl
effect on reducing the melting point of ash. Thebem of ~ With their weight are easily blown out of the torsbdy

Influence of flame direction
One of the most striking effects of combustionhs t
flame direction. In practice, it is possible to hsolid fuels
in only two ways, either horizontally or verticallypr
alternatively by combining these two methods. Fraum
point of view, one of the most important factors in

plant ash is free oxides (and chlorides) whichifigantly
reduce the value of the melting point of ash. 8ilidioxide
plays an essential role in vitreous oxide and ualcdxide
together with potassium oxide subsequently redtices
viscosity of the resulting melt [3,4]. The firsttisat they
form meteor-like crystals that, due to their higheight,
remain in the burner and clog it and prevent nestfitom

[6,7]. The problem arises when sintering becauseagh
gains weight and the larger the sinter is, thetgrethe
gravitational force acting on it. For this reasesrtical
retort burners are unsuitable for incineration oWveér
quality biomass because the resulting sinters igoisiut
directly against the gravitational force [8,9]. tabular
horizontal burners, the situation is much betterttses
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sinters no longer have to overcome the gravitatiboh 2.2  Methods of experiments

only frictional force on the tube wall and are niypstown The combustion took place in commercial small heat
out of the burning process without problems. NQource USPOR 18 AUTOMAT with a rated heat output of
disadvantage of this system is that even unburieeg®of 18 kW which was tested on an experimental device
pellets can easily fall out of the burning procgi$11]. designed for the measuring of heat output and éniss
Some compromise is to tilt the burner upwardsnairagle production. The connection of an automatic heatcsoto

at which the pellets would remain in the tube amdhb the experimental device can be seen in figure 8.d&vice
smoothly. Otherwise, with extremely high sinteritlge is built from an experimental boiler, a heat congtiom
burner can be tilted down in the direction of gtawio  device (i.e. device for regulation of heat produbgdhe
prevent burner clogging. In our experiment, we care@ boiler), a gaseous emission analyser, a particotatier

the results of both systems as shown in figure 1. analyser, measuring apparatus to which all meagurin
instruments are connected and a computer for the
processing of measured data. Various parameters are
recorded every 20 s. During the measurements aunsta
chimney draft 12 + 2 Pa via a flue fan is ensuthesdspeed

is controlled by a frequency regulator.

Experimental measurements to determine the effect o
the burner design on the combustion process were
/ performed on a local heat source with a maximumesow
Figure 1 Flame direction — retort burner on thet)efibe rotary ~ 0f 18 KW, where two types of burners were mounkéct,

burner on the right measurements were made with the original retonbhdaur
compatible with the source. Second measurements wer
2 Materials and methods made after replacing the retort burner with a newee of
2.1 Used fuel samples rotary burner for which the combustion equipmerd tw
Spruce wood with different bark content was used &€ adapted. All pellet samples with various barktent
fuel (figure 2): were bur_ned at the same operating settings o_fmherb-
. sample 1 (V1) - 100% bark-free spruce woodue! feeding time of a spiral conveyor is 18 sgitime of

the conveyor is 25 s, the combustion air is sebtwstant
ir access. This operation mode correspond with the
bark content 5% oading process in other works [11,12]. The boikas

« sample 3 (V3) - 90% spruce wood pellets Withoperated_ on settings for nominal heat output duwogd
10% bark pellets with very good quality burning.

» sample 4 (V4) - 80% spruce wood pellets with g
bark content of 20%.

Prior to measurement, the moisture content of t
individual samples was determined on a RADWAG 50 S
drying scale and calorific value using a LECO AQ)50
calorimeter.

pellets,
* sample 2 (V2) - 95% spruce wood pellets wit

Figure 3 Exprimental device for heat source tegstin

The thermal power of an experimental boiler was
measured by calorimetric method where the flowhef t
heat transfer medium (water) was measured by a etiagn
flow meter YOKOGAWA ADMAG AXF with an
accuracy of +0.35 %. The temperature differenceéhef
heat transfer medium (water) was measured by tivega
resistance thermometers PT100 with a measurement
accuracy 0.4 %.

.

Figure 2 Wood pellets samples
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The concentrations of DCO,, CO, NQ in flue gases Table 1 Average measured values of the determiakziveters
during the experiments on retort burner

were measured by a flue gas analyser ABB AO 2020 wi

sensor modules Uras 26 (NDIR photometer for contisu V1 v2 | v3 | v4
CQO;,, CO, NQ measuring) with accuragyl % of span and

oxygen analyser module Magnos 206 (paramagneti Thermal power (kW) | 132) 15| 14.6] 14.4
behaviour of oxygen) with accuracy + 0.5%. The ismct | Efficiency (%) 75.3| 76.4] 75.7| 75.7
pyrometer is used for sampling exhaust gas. Pyemet | o, (%) 14.1] 13.1| 13.1| 13
output socket connects to the flue gas analyser pifiing

for the sampling operations must be incorporateth wi CO: (%) 68| 76| 76| 77
means for cooling, cleaning and drying flue gaspam CO10% (Mg.m?) 1381.8/929.2/ 771.9/703.4
ABB analyser AO 2020 is constructed according ® th NOxi0% (Mg.m?) 232.6|254.5| 243.9/ 271.6
requirements and nature of the measurement. Rettrde

emission values in ppm units (parts per millionhe3$e OGCio% (mg.m*) 20.1) 21.4) 32.6) 29.8
values were converted to mgm The normalized PMaoe (mg.m®) 254 295 353 41.1

concentration of oxygen in the flue gas from adyoly, is
10 %. Therefore, the measured values of each emiase
recalculated.

Particulate matter measurement was conducted
gravimetric method by using of the isokinetic auébia

Table 2 shows the average measured values of the

etermined parameters during the experiments aryrot

e burner.

sampler TECORA Isostack Basic. Gravimetric mett®od itapje 2 average measured values of the determiaieters

given by the standard ISO 9096 [9,10]. It is a naknu

during the experiments on rotary burner

single-use method where samples are taken by a prob

from flowing gas. This method gives an average ealfi vi V2 V3 va
PM for a given span of time within which a parti@w | Thermal power (kW) | 14.6] 178 179 182
from an exhaust gas sample is taken. Exhaust gases Efficiency (%) 87.6/ 90.4] 909/ 906
guided through filtration or sediment systems whialtch

either all particles or only those of pre-defineides Oz (%) 12.2 6.4 o4 75
Filtration materials are weighed before and afte CO> (%) 8| 143 154 134
measurements and final mass concentration is etéelil | -4 (mg.m?) 795.8| 1598.1 2718.5/ 3613.7
from a sample volume. Sampling probes can be plac

either directly into hot flow of exhaust gases otside the | NOxo% (mg.m™®) 228.6 1771 149.1 1999
flow (these systems must be heated to avoid coatiens | oGcCyou (mg.m) 30.3| 13.3] 84.4| 69.7
or nucleation). Solid particles are collected friawing

gas with the help of the probe. From them an awera{PMios%(mg.m®) 356] 46.4) 485 577

concentration of flowing gas particles is deterrdine
Exhaust gases were taken from a chimney duct \ih t

It is clear from the measured values that whenguain
help of a three-stage separation impactor. The kagnp rotary burner, the efficiency of the conventiongpe of

was conducted at the same speed of exhaust gaaglaw retort burner was increased by almost 15%. Inangasi
the p|pe Hot gas was led from the p|pe throug“ingo combustion efficiency has led to a reduction mdhmnney
and drying equipment up to the sampling unit. le thtemperature and temperature in the combustion cegmb
cooling equipment exhaust gases were cooled aner wathich has been positively reflected in a decreasd@x
vapour was removed from the exhaust gas sampléeln emissions. Also, the bark used has had a positigeten
silica gel-water absorption tower residual moistafe the fire turbulence, which has led to an increasplant
exhaust gases was removed. The accuracy of thisoghet performance.

influences various parameters, mainly differenii@ssure Figure 4 shows time course of thermal power of heat
in Pitot tube + 4 Pa, temperature of flue gas +98,flow  source with various burners. Retort burner had ratatele
rate and volume measure + 2 % and filter weightl+g.  operation which cause almost constant thermal poer
The sampling was isokinetic and the isokinetic aon the other hand, the operation of tube burner wassao

during all experiments was in the range 5.7 <249 Stable, but the combustion efﬁciency was hlgher
A major disadvantage of tube burning using was the

excessively high emission production of CO causethé
gsppping of the unburned parts of the pellets frihre
burner compartment which is into the ashtray wisat i
shown on figure 5. Despite this the average COywtioh

ring tube rotary burner using is half in compamisvith
oiler operation with retort burner.

3 Results

The measurement values compare the combustion
four identical sample types in two different typeb
combustion burners. Table 1 shows the average mezhs
values of the determined parameters during t
experiments on retort burner.
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18 “Construction modification of the burner for combas

16 of solid fuels in small heat sources”.
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