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Abstract - The main goal of this research was to create andst
technical solutions that reduce nitrogen oxide emssons in low-
capacity pellet boiler. During the research, wood g@llets were in-
cinerated in a pellet boiler produced in Latvia with a rated ca-
pacity of 15 kW. During the research two NQ emission reduction
methods were tested: secondary air supply in the eimber and
recirculation of flue gases. Results indicated a dp of NOx con-
centration only for flue gas recirculation methods.Maximum re-
duction of 21% was achieved.

Keywords - NO, emissions, pellet boiler, NQ emission reduc-
tion.

I. PRIMARY NITROGEN OXIDE REDUCTION DURING A
PROCESS OF BIOMASS COMBUSTION

There are three types of nitrogen oxides,N@own de-
pending on the mechanisms of their origin:
- Thermal — Zeldovich mechanism;
- Prompt — Fenimore mechanism;
- Fuel
Among many factors impacting a formation of nitroge
oxides in furnaces, the followings can be distisged [1]:

- Concentration of components in the thermo-chemici

reactions taking place in a combustion zone;

During the experiments [5] wood pellets, herbacebias
mass and used wood chip boards and wood were Hgets
vary with nitrogen content part of mass of whiclaweges from
0,15% in the case of wood chips up to 2% for useddvor
wood chip boards.
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Fig. 1. NQ emission levels for different types of biofuel dagding on tem-

- Retention time of components and combustion prgerature [5].

ducts in a reaction zone;
- Temperature level in a reaction zone.

Thermal oxides are formed by the oxidation of & in
air impacted by high temperatures. Essential canaéons of
oxides can be observed if the temperature in tmbogtion
zone is > 1300°C [2,3,4].

In the formation of prompt nitrogen oxides molecuiéro-
gen in air is involved by reacting with intermedigtroduct of
hydrocarbons [3].

The formation of fuel oxides is generally deterndifey the
nitrogen content in the fuel but this is not thdyateterming
factor. In practice, it can be observed that whendffective
combustion rules overviewed above (air consumgsdrigher
than stehiometric, high temperature, longer retentime) are
reached, the level of fuel oxides is higher [5].

Experimental researches on biomass combustion shatwv
only fuel nitrogen oxides are important [5]. Thdatee im-
portance of thermal, prompt and fuel nitrogen osifter bio-
fuels of different types depending on temperatueesaown in
Figure 1.

As the temperature in furnaces of biomass comhustio
equipment is within 800 — 1200°C it can be obsertieat
thermal as well as prompt nitrogen oxides are mfigant. It
has to be noted that oxygen content and retenitio@ in the
combustion zone are important for every forming nagism
of nitrogen oxides. When these parameters increase,
amount of nitrogen oxides increases. An arrow i@ tight
lower corner of Fig. 1 shows this correlation.

The results of experimental researches [6] on absuof ni-
trogen oxides formation depending on the nitrogemtent of
the fuel are shown in Figure 2.

Research indicates that an increase of fuel nitragmtent
creates an increase in the nitrogen oxides levathnils stated
as mg/nm (oxygen content of flue gas 10%) in one research
[6] and mg/MJ (fuel) in another research [8]. Bst@n be
seen in Figure 2, by increasing the nitrogen amaoufiel, the
part of nitrogen which is transformed into oxidexbases.

The end result of fuel nitrogen transformationha process
of combustion can be nitrogen oxides, atomic niérogr ni-
trogen discharged with ashes. Overall it can berges$ that an
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amount of discharged nitrogen oxides are equal thighpro-
duced amount of oxides, except the amount of oxidies
graded during the reactions of reduction [9]. Thesgible
reactions of fuel nitrogen during the process ahbastion are
illustrated in Figure 3.
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Fig. 2. Formation of NQemissions in boilers combusting pellets with diffe
ent nitrogen content [6,7].
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Fig. 3. Formation of NQemissions in the boilers combusting pellets with

different content of nitrogen [6].

In the diagram, the reactions of fuel nitrogen whtake
place both in the gaseous (combustion of volatilestance)
and solid (combustion of coke) state can be trackezhn be
observed that the end products of fuel nitrogervemsion are
nitrogen oxides, molecular oxides and nitrogen gmted in
the content of biomass ashes.

Il. PRIMARY NITROGEN OXIDES REDUCTION WITHIN THE
PROCESS OF BIOMASS COMBUSTION

Technologies applying separated air and fuel ifgacas an
effective method for primary NQreduction are rapidly devel-
oping within the last 10 years. The base of prazess$ prima-
ry NO, reduction is previously observed conception. Agdt
mentioned before, separated air injection ensuodls effec-
tive fuel combustion and a reduction of nitrogerides. To
make the reduction of nitrogen oxides possible,pghase of
the formation and combustion of volatile substarftas to be
separated from the total combustion of gaseous uoted
creating a reduction zone. The reduction zone bddsetlarge
enough to ensure the required retention time inréukiction
zone for reaction components necessary for reduggac-
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tions. In the reduction zone, combustion of a mcixture is
taking place in conditions with an air deficit. Tteal com-
bustion of fuel is achieved by the injection of medary air
after the reduction zone. The principles of separatir and
fuel injection are schematically shown in Figure 4.
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Fig. 4. A principle of separated air (A) and f(8) supply.
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As it can be observed in the case (A) of Figureombus-
tion in the first stage takes place in conditiorisew the air
consumption coefficient < 1. This means that mdkcnitro-
gen forms during the fuel nitrogen reactions. Eimgua good
mix of first level combustion products with secondair, the
total fuel combustion and small total air consumptcan be
achieved.

A principle of separated fuel combustion is showrcase
(B) of Figure 4. Applying this principle of fuel otbustion in
the first stage, fuel combustion takes place ind@@ns where
air consumption is a little higher than stechioncetty neces-
sary. This is a reason why the formation of nitrogeides
can be observed. Then an additional fuel is addeidhaget-
ting mixed with the combustion products of the pweg stage
creates conditions for rich fuel mixture combustwith an air
consumption coefficient < 1. Under the conditiofigio insuf-
ficiency previously created, the nitrogen oxidesaating with
NH; and HCN in reduction zone are reduced, thus crgati
molecular nitrogen. This process is similar to tdme which
occurs in case of separated air injection. Ifhe tase of sepa-
rated air injection, a zone where combustion tadtase under
the conditions of an air deficit is called the retion zone,
then, in the case of separated fuel injection umghg zone.

In the end of the combustion process, an amouairafe-
cessary to complete combustion is injected. At #iggje, the
air consumption coefficient is >1. In this way, tbemplete
combustion of fuel is achieved with a minimal leeélnitro-
gen oxides emissions. The total air consumptiorfficient of
fuel combustion is. > 1. It must be noted that, in the case of
separated fuel supply, the temperature in the temuzone is
lower (approximately 800°C) compared with 1100-1ZD0
which is the case when applying the principle qfasated air
injection. This can be very crucial in the case milge fuel
has a low ash melting temperature. Ordinarily, thelting
temperature of wood ash is approximately 1300°@. $ignif-
icantly lower (from 800-900°C) in the case of hexyaus
biomass and recycled wood which is associated téHarger
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content of inorganic substances which can createpoonds
with low melting temperatures.
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Fig. 6. Pellet boiler Grandeg GD-WB 15 and a dkeiicthe boiler’s furnace.

Fig. 5. Three principles of complete fuel combarsti10, 11]. The air injection clefts are placed along the olgrarime-
ter of the burner and air is injected in spiral wBye to this

The methods of fuel combustion shown in Figure Seha solution, the flame is turned and creates a sWiré flue gases

several common features. In all cases fuel is cateldlucom- developed in the process of combustion is retutogte bot-

pletely and effectively and it is done using sefstanir injec- tom of the furnace where they are drained to tla érchange

tion. In the "Conventional 2-stage Combustion”, fiwemary pipe system.

air is injected under the grates in the fuel layéh A < 1.

Complete combustion is achieved with the help ebsdary V. DESCRIPTION OF THE EXPERIMENTAL STAND

air, which is injected into the volatile substaittéhe combus-

tion zone above the grate with< 1. Both zones are located in

the same area. This is the way combustion takee pamod-  \ snitoring of the Riga Technical University. Thevetoped

ern energy ef'f|C|_ent blomass bo_|lers. _ . stand makes it possible to test small capacityeb®éccording
The scheme in the middle differs from the previons in , {he methodology of standard LVS EN 303-5 [12]p#n-

that the primary and secondary place for air injectare lo- cipal scheme of the stand is showed in Figure 7.

cated_in separateq areas, which creates a redl_m:l'rm Itis A heat load in the stand is developed using a césopyair
done in the case if a primary N@duction in bailers is pro- ¢,nyection cooler. If the cooling capacity is nabegh, a wa-
vided. By constructing a reduction zone, the din@s0f 8 o 5ccumulation tank is used as an additionalezool
b0|Ier_|ncrease and th? _b0|Ier be_comes more cautitely In order to determine the energy efficiency of Huéler, a
complicated. The coefficient of air consumption &hd re- 4ot method is used and it is based on the tatioveen ef-

duction reaction occurring is shown in Figure 5p&ated air fectively produced heat energy and the consumeldchami-
and fuel inflow are shown in the "Fuel staging”.relehe re- ., energy.

duction zone develops between the secondary fukbann- During the boiler testing, a monitoring of flue gasnpera-

Jection. ture, chemical content and measurements of soliitles are
performed. Additionally, rarefactions in the funrseke deter-
mined and controlled. The flue gas temperaturesterdhined

Within this research some constructive solutionsriiiro- in five different places in the funnel using K-typleermo-
gen oxide reduction are applied and verified undaf condi- couples. A concentration of solid particles is nuead using
tions. For the experiment a pellet boiler with anirwal capaci- an isokinetic flue gas sampler. The operationahgiples of
ty of 15 kW produced in Latvia was chosen. the equipment are based on isokinetic gas sampliggra-

A principal scheme of the furnace of the pelletldrois vimetric method of solid particle determination.
shown in Figure 6. A pellet supply screw is insgiitgo an air Oxygen content in the flue gases is determinedgusin
injection channel but it is separated from theigjction sys- magneto-mechanical stationary analyzer. Carbonidigxar-
tem. Pellets are supplied through the bottom obilmmer. The bon monoxide and nitrogen monoxide content in the §as
boiler has a compulsory air injection system fittgith a cen- is determined using an infrared absorption analyXérogen
trifugal ventilator. For the combustion process,igsiinjected dioxide concentration is determined with an eledtemical
in the burner in two levels. analyzer.

A portion of air is injected into the pellet layérough the Boiler testing is done under nominal boiler op&naal con-
small clefts in the bottom of the burner but theeotportion of ditions i.e. water flow — 0,6 fth, water return temperature
air is injected through cledtin the top of the burner under a50°C and rarefaction in funnek--20 Pa. The minimal time of
cone. one complete test is six hours. Testing is initaéer achiev-

ing stable boiler performance parameters.

In order to conduct the experiments, a boiler mgsstand
was used. It is placed in the Laboratory of Envinental

Ill.  DESCRIPTION OF EXPERIMENTAL BOILER
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Fig. 7. Principal scheme of boiler testing stand.

The results of the measurements were recorded glthin
testing. Measurements of the solid particle conetion were
done four times during each test. The duration rd mea-
surement is 30 minutes.

For realization of the experiment, the pellets picat of
sawdust of deciduous trees in Latvia were usedinguthe
process of the production of pellets used in thgearment, no
chemical cohesive substances were used. The avdiaye-
ter of pellets is 6.25 millimeters and the chanaste length —
16.2 mm. For the quantitative evaluation of thdgtejuality
in the Laboratory of Environmental Monitoring ofettRiga
Technical University, characteristic parameters eveeter-
mined: ash content, moisture, net and gross celovdlue,
volume density, amount of cutting and mechanicahbility.
The determination of parameters was done accordirsplid
biofuel standards CEN/TS released by European Ctaeni
for Standardization CEN (TC335). The values of paters
characterizing pellet quality are shown in Table 1.

To keep the representation of pellets used in éxyat for
the duration of the experiment at one level, theyenkept in
hermetically-sealed packages.

V. METHODS USED FOR REDUCTION OF NCEMISSIONS

During the research two mechanisms for,@issions re-
duction were examined. One of the mechanisms isfhe-
tion of additional air into the furnace; the otligflue gas re-
circulation and secondary injection into the fuma€ the boi-
ler.

126
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TABLE |
CHARACTERISTICS OF THE PELLETS USED IN THE EXPERIMES

Parameter Value Unit

Ash content 0,78 w-%, dry
Moisture content 6,10 w-%

Net calorific value 17,55 MJ/kg
Gross calorific value 18,90 MJ/kg
Bulk density 609 kg/rh
Fines 0,5 w-%
Mechanical durability 96,4 %

A. Secondary air injection

Supplementary air for the combustion process iscbed
separately from the primary air injection into theper zone
of the flame or after it. In this experiment a sedary air in-
jection was conducted in the upper zone of the dlahmough
the steel ring with nozzles placed into the furnaiee ring
was fixed in the centre of the furnace 5 cm abovsumer
cone and approximately 20 cm above the fuel begl Esg 8).
The secondary air was delivered up until the rhogrfthe bot-
tom of furnace through a steel pipe. Air was defdeinto the
furnace with the help of ca ompressor (without dimg sys-
tem) with a regular flow and pressure of < 0.2 bar.

The first boiler tests showed that flame weddritiuted and
turned down already in the middle of the furnace.afresult,
the ring was placed above the burner cone to ezdiistribu-
tion of the flame prolonging a length of the contimrs zone
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and injecting additional air into the upper zonetltd flame.
Three variations of the nozzle placement were emachiho-
rizontal (a), vertical (b) and spiral (c) (see F.
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Fig. 8. Scheme of boiler furnace with a ring fecendary air injection.

© ®
©)

= =y

a) b)

Fig. 9. Examined variations of the air nozzle.

Initially, the variant with horizontally-placed ndes and
air injection parallel to the flame was examinell {&ais type
of air injection made a distribution of the flameea stronger
and it was not investigated further. The verticatzie place-
ment (air injection parallel to the flame) lengtedrthe flame
but more noticeable effect was achieved with spiaizle
placement at 30°. This type of nozzle placementanagoss-
ible to lengthen the flame thereby intensifyingpira effect
of it turning. Two full time tests of boilers weperformed us-
ing the ring with transversally placed nozzles.

B. Fluegasrecirculation

To conduct the experiments, flue gas recirculati@s per-
formed draining a part of the flue gas into the iajection
channel (see Fig. 10). Recirculation was ensuré¢kl thie help
of a centrifugal ventilator and for the regulatiohrecircula-
tion level a speed of rotation of the ventilatoivilrg motor
was changed.

The flue gas drained from the funnel was delivéoettte air in-
jection channel where it was mixed with air delagbto the com-
bustion process. Actually this solution is a foliorabf air-flue gas
mixture and injection into the boiler furnace.

Using the flue gas recirculation principle mentadove, sev-
eral pilot tests and one full-time test were penfed. During the
tests it was established that flue gas recirculatidhe air injection
system substantially impacts its productivity. Aesult, a lack of
air necessary for combustion was observed. Howewntiancing
the productivity of the air injection ventilatorthe level of recircu-
lation was diminished. The simultaneous increadaoti ventila-

tors did not produce the results desired becaube @fxcess of boi-
ler and funnel nominal flow, which created overpues in the fur-
nace as a result.

Pellet
storage

'“ Recirculation
ventilator

1

/L-"“

Boiler —

Flue 4
gases

Stack

- Conveying  Air supply

serew ventilator

Fig. 10. Principal scheme of flue gas recirculaif@iew from behind).

For the performance of the full-time test, the ros®d recircu-
lation system productivity of both ventilators wasintained at a
level to ensure minimal flue gas recirculation #mel air amount
necessary for combustion.

To avoid an impact of air injection and flue gasroeilation sys-
tem for the performance of further experiments fjas recircula-
tion was performed injecting flue gas directly itie burner (see
Fig. 11). A pipe was connected to the ventilatmeoirculation and
flue gas was delivered through this pipe to thedwuiFlue gas was
injected into the centre of the burner slightly\abthe pellet level.
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Fig.11. A scheme of boiler furnace with a flue ggection into the burner
from the bottom.

Using the flue gas recirculation system mentionbdva,
several pilot tests and one full-time test werdqraned.

VI.

During the research five full-time boiler tests eeper-
formed: one reference test and four tests withedbffit tech-
nical solutions. For further reference there iettel assigned
for each test:

TEST RESULTS
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A. Reference test, without changes in boiler constraogt and secondary air injection through the ring;
B. Flue gas recirculation through the air injectiostsyn; E. Flue gas recirculation directly into the boiler ber.
C. Secondary air injection into the furnace througk th The results of measurements of the flue gas mangor
ring; flame temperature and boiler performance efficiensyr-

D. Flue gas recirculation through the air injectiorsteyn  formed during the tests are summarized in Table 2.

TaABLE Il
RESULTS OF BOILER TESTS

Test O, % | COy, CoO, NO, CO at 10% | NOy at Flue gas Flame PMat10% | n, %
% ppm ppm 0, 10% O, temp.,°C temp.,°C 0O,, mg/
mg/nm? mg/nm? Nm®
A 9.28 10.8 177 112.4 288.6 196.3 106.3 808.8 27.9 87.1
B 6.75 12.9 312 124.0 418.7 178.3 106.6 810.7 59.3 86.5
C 8.43 12.0 111 1245 165.0 198.0 96.8 833.3 28.8 898
D 5.67 14.7 827 123.3 1028.3 172.7 105.3 776.0 20.6 84.8
E 6.47 13.8 882 114.6 1105.5 154.5 88.8 858.2 18.4 87.5

A comparison in the fluctuations of concentratiaisNO, mal conditions with an oxygen concentration 10%-aod
emissions in the five tests performed is shownigufe 12. characterizes changes of concentrations within wors in
Changes of concentrations given in the diagranr teferor- the middle of the test.
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Fig. 12. Comparison of fluctuations of concentmatdf NQ, emissions.

was used during three tests and results of thosés te

VIl. CONCLUSIONS showed reduction of NQemissions, but an essential in-
Secondary air injection in the upper part of thanfe crease of CO. F(_)r further use of flue gas r.ec"“"f“'"a it_is
does not impact the formation of N®ut instead a reduc- necessary to optimize the amount of supplied ainghwith
tion of CO was observed. Spiral placement of nozite the use of complete gombustlon metho_ds_;_ . .
the steel ring helps to avoid flame scattering Eemjthens Flue gas recirculation thr(_)u_gh the air Injectiorsteym s
the zone of combustion. A further investigationtbis so- not technically correct and it is hard to a_pply.ls'l_'method
lution can offer a reduction of carbon monoxide gsions. does_ not offer_ Pfe_fe“’%b'e flue gas rem_rculahorce@me
The secondary air supply system used in the exgerisnis ventilators of air injection and recirculation matly im-
not sufficient to decrease primary air supply bebow 0.7. pact the perfo_rma_nce_s of each o_ther. Flue gaso@alnon
Therefore no impact on the N@oncentration level was through the air injection system Is connected atith th?
observed using this system. pos§|ble inflow c_>f flue gas into the area thro%!e_aw
From the NQ emission reduction point of view, a ﬂuevenulator, formation of condensation in the aijeition

gas recirculation has greater potential. The retation channel and problems with regulating the perforneant
both ventilators;
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The highest NQemissions reduction was achieved usindgl. vanLoo S., Jaap Koppejan JCombustion co-ordination. Presenta-

; ; ; ; toon tion WP 1A. Heidelberg, Germany 12-13 May, 2005,.
flue gas recirculation with de“very throth thet of 12. LVS EN 303-5 Apkures katli. 5. da: Manulie un autornatiskie

th? burner in.to the (_;entre Qf the fIame: Furtheseegch of cieta kurinama apkures katli ar nométo siltuma atdevi idz 300
this method is required using mechanisms for canon kW. Terminolgija, prasbas, testS8ana un magsana. Latvian stan-
noxide reduction in parallel; dard. January 2001. p. 52.
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Aivars Zandeckis, Dagnija Blumberga, Claudio Rochaglvars Veidenbergs, Kaspars Siis. Shpekla oksdu samaziraS8anas metodes granulu
katlos

Biomasas dedz&$ana ir saista ar augsim NO, emisigm, jo kuriramajam ir augsts spekla saturs. Paav vairaki slapeka oksdu veidoSanas méh
nismi, bet eksperimealie petijumi pierada, ka biomasas degSanas praceszamigs ir tikai kuririma-NO metinisms. Eksist vairakas NQ emisiju
samaziaSanas metodes, beirpvai tas tiek pielietotas lielas jaudaspmieciskajos katlos.

Si petijuma galvenais @rkis bija izveidot un izraginat tehniskos risinjumus sfipeka okgdu emisiju samazisanai nelielas jaudas granulu katPeti-
juma tika izmantots Latvij raZots granulu apkures katls ar noatinjaudu 15 kW, eksperimentu veikSanai tika izmaasdcokskaidu granulas. |&gi-
natas divas NQ emisiju samazi#anas metodes: sekuim@ gaisa padeve kurtéwn dimgazu recirkukcija. Sekundra gaisa padeve tika nodrota
caur kurtu ievietoto gredzenu padodot gaisu liasfhcm augstumvirs deda konusa. Tika grbaudti gredzeni ar sprausluisrizvietoSanas varian-
tiem: horizonilo, vertikalo un spiglveidigo. Gredzena izmantoSanasriis bija pagariat reakcijas zonas garumu, nejfaiejot liesmas izkliedi kurtu-
ves vidusdi. So lamo rezulitu izdewis sasniegt tikai ar spiveidigi izvietotim gaisa sprausi. Saji petijuma tika parbaudti divi recirkuletu dam-
gazu padoSanas veidi. Viens ir recirktd dimgazu sikotngja sajaukSana ar degSanai padodamo gaisu unifaread degl Otrs ir dimgazu padoSana
tieSi liesna caur dedl no apak3as ievietoto cauruli. Tikarpaudta af kombirgta metode, kad tiek padots gan sekanads gaiss, gan recirkéths dim-
gazes. Tika noskaidrots, ka sekdnd gaisa padoSanas metode nesniedz BEDnazifjumu. Dimgazu recirkukcijas metodes sniedza N@misiju sa-
mazirijumu lidz pat 21%. &da apjoma samazijums tika paakts, padodot recirkatas dimgazes tie$i liesr caur de¢a apaksdal.

AiiBapc Kanpeukuc, laruus Baym6epra, Knaynuo Poma, UBapc Beiinendepre, Kacnapc Cuaunbm. MeToa cOKpalieHusi OKCHAOB a30Ta B
rPaHyJbHBIX KOTJIaX

B mpomecce ropeHust 6momacchl 0Opa3yrOTCsl MOBBIIICHHBIE BBIOPOCHI OKCHIOB a30Ta, YTO BHI3BAHO BBICOKHM COJCPKAHHEM a30Ta B TOILIMBE.
CymiecTByeT HECKOJIBKO MEXaHH3MOB 00pa30BaHMS OKCHIOB a30Ta, HO 3KCICPHMEHTAJIbHBIC MCCICJOBAHUS MOKA3bIBAIOT, YTO NPU TOPCHUU OHOMACCHI
3HAUUTENBHBIM SABIACTCSA TOJNBKO MeXaHH3M oOpasoBaHus TomIMBHBIX NOx. CymecTByeT HECKOJIbKO METOJN0B CHMXKeHHs BbIOpocoB NOx, HO 0OBIYHO
OHU MPUMEHSIOTCS B IPOMBIIUICHHBIX KOTJIaX OOJIbIION MOIIHOCTH.

Llenpr0 DaHHOTO MCCIIEAOBAHHS SABISAIOCH CO3JAaHHE M MCIBITAHNE TEXHUYECKHX PEHICHMI 1o cHxeHHio BbIOpocoB NOx B rpaHylbHOM KOTIE Maloi
MOIIHOCTU. B nccnenoBaHuy Mcnonp3oBajcs MpousBeacHHbIH B JIaTBUM rpaHynbHbIA KOTEN MomHOCThIO 15 KBT, B KauecTBe TorMBa OblIM BBIOPaHEI
rpaHyibl M3 APEBECHOW CTPYXKH. B Xxone mccieqoBaHmsi OBIIM HCIOJB30BAHBI JBa MeToxa CHIDKeHHs BhIOpocoB NOX: mByxcTymeHwaras mojada
BO3J/lyXa B TONKY M PEUUPKYJISALHUS IbIMOBBIX I'a30B. JIByXcTylneHuaTas mojada Bo31yXa OCYLIECTBISUIACH Yepe3 pa3MEIIEHHOE B TOIKE KOJbIo. Bo3myx
MOJaBaJICS B IJIaMs Ha BBICOTE 5 CM OT KOHYCa rOpeiKU. BbUIH MpoBepeHsl KOJIbla C FTOPU30HTAIBHBIM, BEPTHKAIBHBIM U CIIUPAIBHBIM PACIIOI0KECHHEM
BO3AYyIIHBIX comell. KombIo nemoap30Banoch Uit IPOJICHNS 30HBI PEAKIMU U IIPEJOTBPALICHHS PACCCHBAHMS [UNIAMEHH B CepeAnHe TOnKH. JKemaemblii
pe3ynbTaT OBLI IOCTHUTHYT TOJIBKO B CIIy4ae MCIOJIb30BAaHMs CIUPAIbHO PACIIONIOKEHHBIX comell. B mccnenoBaHun ObuIM ONpOOOBAaHBI J(Ba METOJ]a
MOJa4M PELUPKYIMPOBAHHOTO AbIMa. IIepBbIii MeTOR 3aKiIOyYalCs B MPEABAPUTEIBHOM CMEIIMBAHUM JbIMa C I10JJaBaEMbIM B TOIKY BO31yXoM. Bropoii
METOJ] OCHOBBIBAJCS Ha MOJA4e AbIMa HPSIMO B ILUIaMs 4depe3 TPYOKy, pa3sMeIiéHHYI0 BHH3Y TOPEJKH. BbUl NpoBepeH M KOMOMHHPOBAHHBIH METOJ C
JIByXCTYIICHYATOH Mojaveil BO3AyXa M PELUPKYJIALHUeH AbiMa. B0 yCcTaHOBIIEGHO, YTO NMPUMEHEHHBIH METOJ ABYXCTYNECHYATOH 1MoJayu BO3/1yXa HE
naér camxenust NOy. Peumpkymsiuus neiMa mo3sonuna cHU3UTh BeIOpockl NOx 10 21%. Campblii BRICOKHN pe3ynbTaT ObUT JOCTUTHYT HPHU MoJade JbIMa
HaNpsSMYyIO B IUIaMs 9€Pe3 HIKHIO 9acTh TOPEIIKH.
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