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Abstract

Themostimportantprocessin energyutilizationis thecombustionof fossil fuels.In thecourseof
high temperaturecombustionprocessesair polluting gascomponentsareemitted(

�����
, � ��� , � � ,� ��� , �
	��� ). Stagedcombustionis oneof thewell-known andmoreandmoreextensively applied

combustiontechnologymethodsto reducetheamountof � ��� air pollutants.At theDepartmentof
CombustionTechnologyof theUniversityof Miskolc researchhasbeencarriedout for severalyears
now to clarify the theoreticalbasisof stagedcombustion. In this work multistagegascombustion
hasprovedto bemostusefulin � � � reduction,thepracticalimplementationof which involvesthe
combustionof gasor gasmixture in two stagesin oneequipmentwith onestageair inlet. As a fuel
we haveuseda mixtureof naturalgasandwastegases(eg. bio gas).

1 Intr oduction

Oneof the traditionalactivities in the field of energeticsis the utilization of the energy contentof
wastefuels. Therecovery of theenergy contentof converterandcoke gasesof steelworksandbio
gasesof communalwaste, whichcanbeusedasfuels,shouldbeexaminedfrom bothaheattechnol-
ogy andanenvironmentprotectionalpoint of view, alsotakingthelocal utilization possibilitiesinto
account.

Besidestheutilizationof thephysicalheatof wastegases,theirchemicalheatneedsto beutilized,
too. They areusedwith differenttypesof boilersto generatesteamandat thesametime thereis the
possibilityof technologicalheatutilizationwhenit is mixedwith gasesof high thermalvalue.

Its utilizationascombinationgasalsomakesit necessaryto examinehow thewastegaseschange
thecombustionparametersandpollutingeffectsof naturalgas,especiallythe � ��� formation.

The most importantelementof combustionmethodsappliedin order to reducethe amountof� ��� is to changecombustion temperature,maximumtemperaturesin the flame, the durationof
stayof combustionproductsin thehigh temperaturezoneandthepartialpressureof oxygenin the
combustionzones.Oneof thepracticalmeasuresto achievetheseaimsis thestagedcombustion.

2 The combustion parametersof gasmixtur es

Although thereareexamplesof the direct utilization of purewastegasesin the industry it is bet-
ter justified to useit ascombinationgason accountof the fluctuationin its heatingvalueand its
availability.

A bio gascollectorcanbeseenin Fig. 1. andthechangeof ����� is shown in Fig. 2 [1]. E.g. the
fluctuationof heatingvalueof cokegasandbio gasis shown in Fig. 3 and 4 [1] [2].

It is mostsuitableto mix it with naturalgasbecausethis increasesandstabilisesthermalvalue
andequalizesfluctuationof bio gasquality (Fig. 5).

For ourresearchprojectthebasiccalculationsaredonewith amixtureof naturalandwastegases.
For thecalculationsnaturalandwastegaseshaving themaincompositionindicatedin Fig.6 were

used.TheFig. 7 givesthevaluesof themaincombustionparameterswhicharemostimportantfrom
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Figure1: Bio gascollector

Figure2: Thefluctuationof ����� contentof bio gas(Slovakia)
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Figure3: Thefluctuationof heatingvalueof coke gas(1999,DUNAFERRCo.,Dunáujváros)

Figure4: Thefluctuationof heatingvalueof bio gas(Bio gasplant,Slovakia)
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Figure5: Fluctuationof bio gasquality (Slovakia)

Figure6: Themaincomponentsof fuel gases

point of view of burners.In our calculationsthe ratio of wastegasesvariedbetween0 and60% in
thegasmixture,takingthepracticeinto consideration.

The sameheatflow is guaranteedwith incrementof volume flow of fuel at different heating
valueof wastegases.For this reasonthenozzleof burnersappliestransformationfrom time to time.
The control of burnersis necessarybecauseof differentdensityof wastegases. The theoretical
combustiontemperatureplaysasignificantrole in theheattechnologyandenvironmentalprotection.
Thebio gashastheminimumcombustiontemperatureamongtheexaminedwastegases(Fig. 8) [3].

Mixing with naturalgasrich in hydrogenthe wastegasesis favourablefrom the point of view
of radiationalheattransferwhich is primarily importantfor heatingfurnacesandboilers. Coke gas
increasesthe � � � contentof flue gas,� � � contentof flue gaswill increaseat bio gas- naturalgas
mixing andconvertergasfiring (Fig. 9).

In the formationof themixture of wastegasandnaturalgasit is importantto know therateof
flamepropagationaswell asflammability limits. As it is not an additive parameter, thereforethe
normalrateof flamepropagationof gasmixturescannotbecalculatedfrom thecompositionwith the
helpof themixturelaws.

It canonly bespecifiedwith thehelpof measurements[4]. Fig. 10 summarisestheresultsof our
measurementsdoneto specifythe exact valuesof flamepropagationthroughexampleof coke gas
[5].
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Figure7: Thechangeof heatingvalueanddensityatdifferentfuel gases

Figure8: Thechangeof theoreticalcombustiontemperatureof gasmixture
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Figure9: ����� and ����� contentin thefluegas

Figure10: Flamepropagation(v) of gasmixtures(naturalgas-coke gas)



HEJ: ENV-000624-A 7

3 The formation of polluting gascomponentsat stagedfiring

Environmentprotectionaltestshave beendoneto find out to what extent the amountof gaseous
pollutantsfoundin thecombustionproductsof naturalgaschangesduringtheenergeticsutilization
of thechemicalheatof high � � , � ��� andhigh � � contentwastegases.

At theDepartmentof CombustionTechnologyof Universityof Miskolc researchhasbeencarried
out for severalyearsnow to clarify thetheoreticalbasisof stagedcombustion.In thiswork two-stage
gascombustionhasprovedto bemostusefulin � � � reduction.

Our experimentshave beencarriedout undertwo-stagecombustion.During two-stagecombus-
tion all the combustionair wasaddedto naturalgaswhich yieldeda primary combustionzoneof
high air factorandthenthewastegaswasled into thesecondarycombustionzone,thecombustion
with thefinal air factorcameinto being.

For our researchpurposesa testfurnacehasbeendesignedandbuilt (Fig. 11 andFig. 12). The
testburnerdesignedfor our measurementswassuitablefor bothnormalandtwo-stagecombustion.

Fig. 13 shows the principle the two-stagetestburnerdesignedandproducedfor experimental
purposes.It canbeoperatedboth in a traditionaloperationalmodeandwith two-stagefiring. Base
of this burneris anhighspeedimpulseburner.
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Figure11: A. Line diagramof testfurnace

Figure12: B. Line diagramof testfurnace

Fig. 14 and 15 summarisestheresultsof our measurementsdoneto specifythe � � � reduction
with e.g. bio gasmixtures.

4 Summary

Oneof thepossibilitiesof theenergeticsutilizationof wastegases(convertergas,cokegas,bio gas)
is to usethemmixedwith naturalgas. It is necessaryto know thechangeof firing parameters,the
air pollution andtheoptimalmixing rate. On thebasisof thestagedcombustiontechnologicaland
environmentprotectionaltestsof the utilization of wastegases,asmixed gaswe cancometo the
conclusionthata wastegas- naturalgasmixtureof a max. 20-50%wastegascontent(20%bio gas
) canbe recommended( � ��� reduction: � 30%) for the purposeof the utilization of the chemical
heatof thegasmixture.Theair factorof primarycombustionchamberplaysasignificantrole in this
firing technology. Therealizationof our researchaimshasbeensupportedby theNationalResearch
Foundation(OTKA T 022019and029199)andEnvironmentalMinistry (1/0322/98).
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Figure13: Principleof stagedgasfiring

Figure14: Changeof ���! formationat differentrateof primary andsecondarygas(naturalgas-bio
gas)( "$#&%&')(�*,+.-&+0/214365 ; normal firing )
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Figure15: Changeof ���  formationat differentrateof primary andsecondarygas(naturalgas-bio
gas)( "$#&%&')(�*,+.-&+0/ 1 365 ; stagedfiring )
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