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REZUMAT / ABSTRACT

i n lucrare este prezentat un nou arzdtor care functioneaza cu gaz natural si aer de combustie preincalzit la

400°C destinat cuptoarelor de incélzire tip camera din industria siderurgica.
Arzatorul, cu puterea termicd nominala de 150 kW, a fost conceput si realizat pentru a inlocui actualele arzatoare
TRICEM 15, utilizate pe scara larga in Romania, caracterizate prin emisii de NO peste limitele maxime admise de
normele legale. Emisiile de NO, ale noului arzator sunt mult sub limita maximd admisa de 350 mg/Nm3 , avand
valori de 172 - 201 mg/Nm’ pe intregul domeniu de functionare.

T the paper presents a new burner which operates with natural gas and combustion air preheated at 400°C
for chamber type heating furnaces from the iron and steel industry.

The burner, with the nominal thermal power of 150 kW, was conceived and achieved to replace the current

TRICEM 15 burners, used on a large scale in Romania, characterized by NO, emissions over the maximum limits

allowed by the lawful norms. The NO, emissions of the new burner are much below the maximum limit allowed of

350 mg/Nm’, having values of 172 - 201 mg/Nm® on the whole domain of operation.
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1. INTRODUCERE

Oxizii de azot, denumiti global NO,, constituie
poluanti periculogi pentru mediul ambiant. Sursa
principald de formare a NO, o reprezintd procesele de
ardere 1n prezenta aerului, specifice motoarelor
autovehiculelor in trafic, activitatilor industriale,
producerii energiei electrice in termocentrale etc.
Oxizii de azot sunt responsabili pentru formarea
smogului in zonele industriale si urbane, a ploilor
acide, deteriorarea calitatii apei, efectul de sera etc.
Sanatatea populatiei expuse acestui tip de noxe este
afectatd grav, prin dificultdti respiratorii, iritatii ale
cailor respiratorii, disfunctii ale plamanilor. Animalele
sufera de boli pulmonare si reducerea imunitatii,
iar vegetatia este distrusa prin moartea tesuturilor
plantelor [1].

1. INTRODUCTION

The nitrogen oxides, called globally NO,, constitute
environmentally hazardous pollutants. The main
source of NO, formation is the combustion processes
in the air, specific vehicles engines in traffic,
industrial activities, electricity production in thermal
power stations etc. The nitrogen oxides are
responsible for smog formation in industrial and
urban areas, acid rains, deteriorating of the water
quality, greenhouse effect etc. The health of the
population exposed to this type of pollutants is
gravely affected, by breathing difficulties, respiratory
irritations, dysfunctions of the lungs. Animals suffer
from the lung disease and reducing of immunity and
vegetation is destroyed by the tissues death of the

plants [1].
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Datoritd efectelor nocive pe care le au oxizii de
azot asupra mediului, au fost reglementate prin lege
nivelele limita admisibile pentru concentratia NOy
in atmosfera. Astfel, in Romania, prin Legea nr.
104/2011 este stabilitd valoarea maxima admisibila a
NO, emis in atmosferd la 350 mg/Nm® (pentru 3%
procente volumetrice de oxigen in gazele arse) [1].

2. MECANISMUL FORMARII OXIZILOR
DE AZOT SI FACTORII CARE {L
INFLUENTEAZA

In general, procesul de formare a NO, se datoreazi
fie conditiilor termice (temperatura ridicata de peste
1000°C a procesului de ardere), prin care azotul din
aerul de combustie reactioneazd chimic cu oxigenul in
exces provenit din aer [2], fie continutului de azot
al combustibilului, prin care azotul din combustibil
reactioneaza cu oxigenul in exces provenit din aer [1].

Procesul de formare a NOy este, In principal, rezultatul
desfasurarii a trei reactii chimice, care impreuna
constituie asa numitul mecanism Zeldovich [3]:

N,+O=NO+N
N+0O,=NO+0O
N+OH=NO+H

Puternica legaturd tripla din molecula de azot necesita
temperatura inaltd pentru rupere si ecuatia (1) va
determina rata de formare a NOj.

Producerea NOy este uzual dominanta la temperaturi

de peste 1400 K, atingdnd potentialul maxim la peste

1900 K [3].

Factorii care influenteazd mecanismul formadrii

oxizilor de azot sunt:

- Gradul de preamestecare a combustibilului cu
aerul de combustie (ca raport intre cantitatea de
aer primar introdus direct la amestecare si aerul
total necesar arderii) influenteaza cinetica
proceselor prin probabilitatea ciocnirilor mole-
culelor sau atomilor de oxigen (formati prin
disociere) cu moleculele de azot. Un grad redus de
preamestecare contribuie la emisii reduse de NO,.

- Temperatura reald de ardere a combustibilului
influenteaza direct proportional viteza de reactie
dintre oxigen si azot si, deci, formarea NO,.
Concomitent, temperatura de ardere inalta
provoaca atomizarea moleculelor de oxigen, prin
disociere termica si, In consecinta, intensificarea
reactiilor de formare a NO,.

- Coeficientul de exces de aer (o) al procesului de
ardere contribuie la cresterea cantitatii de NOy de
48

Because of the harmful effects of nitrogen oxides on
the environment, the allowable limit levels for the NO,
concentrations in atmosphere were regulated by
law. Thus, in Romania, by the Law no. 104/2011 is
established the allowable maximum value of NO,
emitted into the atmosphere at 350 mg/Nm® (for 3%
volumetric percentage of oxygen in waste gas) [1].

2. THE MECHANISM OF THE NITROGEN
OXIDES FORMATION AND THE FACTORS
WHICH INFLUENCE IT

Generally, the NO, formation process is due either the
thermal conditions (high temperature of over 1000°C
of the combustion process), through which the
nitrogen from the combustion air reacts chemically
with oxygen in excess coming from the air [2], or
the nitrogen content of the fuel, through which the
nitrogen from the fuel reacts with oxygen in excess
coming from the air [1].

The NO, formation process is, mainly, the result of
three chemical reactions, which together constitute
so-called Zeldovich mechanism [3]:

(1)
2)
3)

The strong triple bond from the nitrogen molecule
requires high temperature for its breaking and the
equation (1) will determine the NO, formation rate.

The NO, production is wusually dominant at

temperatures of over 1400 K, reaching the maximum

potential at over 1900 K [3].

The factors which influence the nitrogen formation

mechanism are:

- The premixing degree of the fuel with the
combustion air (as ratio between the primary air
amount entered directly at the mixing and the
whole air necessary for combustion) influences
the processes kinetics by probability of collisions
between the oxygen molecules or atoms (formed
by dissociation) and the nitrogen molecules.
A low premixing degree contributes to low NO,
emissions.

- The real combustion temperature influences
directly proportional the reaction rate between
oxygen and nitrogen and, then, the NO,
formation. Simultaneously, the high combustion
temperature causes the atomization  of oxygen
molecules, by thermal dissociation and,
accordingly, the intensification of the NO,
formation reactions.

- The coefficient of air excess (@) of the combustion
process contributes to the NO, amount increasing
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la 100 mg m’ la 140 mg/m’, in intervalul de valori
ale coeficientului o 1,0-1,2 si, respectiv,
diminuarea cantititii de NO, pani la 80 mg/m’,
pentru valori ale coeficientului o cuprinse intre
1,2-1,6 [2]. Cresterea NO, pand la o = 1,2 se
datoreazd inbunatatirii conditiilor cinetice ale
arderii (cresterea numarului de molecule de oxigen
in sistem si, deci, cresterea probabilitatii ciocnirii
acestora cu molecula de azot).

Scéaderea cantitatii de NOy la valori ale o mai mari
de 1,2 se explica prin influenta cresterii excesului
de aer asupra diminudrii temperaturii de ardere.

- Recircularea gazelor arse produse de flacara,
prin intoarcerea lor la baza flacérii, conduce la
reducerea emisiilor de NOy, datorita micsorarii
temperaturii de ardere si reducerii concentratiei
celor doi reactanti O, si N, odatd cu marirea
volumului de gaze in zona de ardere ]2].

3. DESCRIEREA ARZATORULUI PENTRU
CUPTOARE DE INCALZIRE TIP CAMERA

Noul arzator pentru cuptoare de incalzire tip camera

din industria siderurgicd a fost conceput si realizat

pentru a inlocui arzatoarele TRICEM utilizate pe scard
largd in industria din Romania, caracterizate prin
emisii ridicate de oxizi de azot (NOy).

Noul arzator a fost proiectat pentru functionarea cu

gaz natural si aer de combustie preincalzit pana la

temperatura de 400°C. Realizat pentru puterea termica
nominala de 150 kW, arzatorul se compune din
urmatoarele piese:

- Stabilizatorul de flacara, care este o piesa tubulara
cu diametrul interior de 25 mm. In partea sa
frontala, piesa are o forma tronconicd plina, cu
baza mare 1n capul stabilizatorului. Pentru
distributia gazului natural in curentul de aer de
combustie primar, sunt prevazute 8§ orificii radiale
0 2,5 mm, la capatul anterior al partii tubulare.

- Ajutajul de aer este piesa care permite distributia
aerului de combustie in doud etape successive:
aerul primar, care intrd prin patru orificii @ 15 mm
pozitionate la capatul posterior al piesei si strabate
spatiul cilindric inelar dintre suprafata exterioara a
tubulaturii stabilizatorului de flacara si suprafata
interioard a sectorului tubular al ajutajului si
aerul secundar, care intrd prin 16 orificii @ 9 mm
dispuse axial periferic in corpul partii frontale a
ajutajului. Partea frontala a acestuia are o forma
tronconica urmatd de o parte cilindrici la un
diametru aproape dublu fatd de diametrul
tronsonului tubular. Cele 16 orificii sunt practicate
in zona de imbinare dintre partea tronconicad i
baza partii cilindrice.

from 100 mg/m’ to 140 mg/m’, in the values
range of a coefficient 1.0-1.2 and, respectively,
the diminishing of the NO, amount up to
80 mg/m’, for values of o coefficient between
1.2-1.6 [2]. The NO, increasing up to a = 1.2 is
due to the improvement of the kinetics conditions
of combustion (increasing of the number of
oxygen molecules in system and, then, increasing
of probability of their collision with the nitrogen
molecule).

The decreasing of NO, amount to o values of over
1.2 is explainable by the influence of air excess
increasing on decreasing of the combustion
temperature.

- The recirculation of waste gas produced in the
flame, by its return at the flame base, leads
to the reduction of NO, emissions, because the
decreasing of combustion temperature and
reduction of concentration of the two reactants O,
and N, with the increasing of the gases volume in
combustion area [2].

3. DESCRIPTION OF THE BURNER FOR
CHAMBER TYPE HEATING FURNACES

The new burner for chamber type heating furnaces
from the iron and steel industry was conceived and
achieved to replace the TRICEM burners used on a
large scale in the Romanian industry, characterized
by high emissions of nitrogen oxides (NO,).

The new burner was designed to operate with natural

gas and combustion air preheated up to 400°C.

Achieved for the nominal thermal power of 150 kW,

the burner is composed from the following pieces:

- The flame stabilizer, which is a tubular piece
with the inner diameter of 25 mm. In its front
side, the piece has a filled truncated cone shape
with the large base in the head of stabilizer. For
distribution of natural gas in the primary
combustion air current, are foreseen 8 radial
orifices @ 2.5 mm, at the outer end of the tubular
part.

- The air nozzle is the piece which allows
distribution of combustion air in two successive
stages: the primary air, which enters through four
orifices @ 15 mm placed at the posterior end of
the piece and crosses the annular cylindrical
space between the outer surface of the flame
stabilizer piping and the inner surface of the
tubular sector of the nozzle and the secondary air,
which enters through 16 orifices @ 9 mm placed
axial peripheral in the body of the front side of
the nozzle. lIts front side has a truncated cone
shape continued by a cylindrical part at a nearly
double diameter compared to the diameter of
the tubular section. The 16 orifices are performed
in the jointing area between the truncated cone

49



Gh. Surugiu, L. Pdunescu

- Corpul arzatorului constituie carcasa metalicd a
acestui echipament, alcatuit dintr-o parte cilindrica
cu diametrul @ 180 mm, In care patrunde aerul
cald insuflat printr-un racord si o altd parte
cilindrica, frontala, cu diametrul @ 95 mm. Prin
spatiul inelar existent intre partea cilindrica
frontala a corpului arzatorului §i partea cilindrica
frontald a ajutajului de aer trece aerul tertiar
necesar arderii.

- Piatra ceramica a arzatorului, executata din beton
refractar superaluminos, este piesa prin care se
propagd flacara. Forma canalului axial prin care
se dezvolta flacara si care constituie camera de
ardere a arzatorului, este tronconicd, cu baza mare
in pozitia frontala.

Arzatorul utilizeaza aer de combustie preincilzit la
maxim 400°C intr-un recuperator de caldura existent,
plasat pe traseul de evacuare a gazelor arse din cuptor.

Principiul functional al arzatorului este prezentat in
cele ce urmeaza.

Combustibilul (gazul natural) este introdus in corpul
arzatorului prin capatul posterior al stabilizatorului de
flacara si este distribuit in zona de amestec cu aerul
primar prin intermediul orificiilor radiale. Aerul de
combustie cald intra in corpul arzatorului prin racordul
acestuia. O parte din volumul de aer intrd prin
orificiile de la capatul posterior al ajutajului de aer si
parcurge spatiul cilindric inelar dintre sectoarele
tubulare ale stabilizatorului de flacara si ajutajul de
aer. La contactul dintre jeturile radiale de combustibil
si aerul primar se produce aprinderea amestecului
combustibil. Flacira se propaga prin spatiul interior
tronconic dintre stabilizator si ajutaj. La iegirea din
capul tronconic al stabilizatorului, flacdra are tendinta
de a se reintoarce la baza zonei de propagare datorita
suprafetei metalice fierbinti a capului tronconic. Are
loc, astfel, o recirculare a flacarii care, pe de o parte,
contribuie la cresterea stabilitatii flacarii in functionare
si, pe de altd parte, influenteazd favorabil asupra
reducerii emisiei de NOy. Flacdra produsd in prima
treaptd de amestec dintre gazul natural si aerul primar
este o flacara reducatoare, dezvoltatd in conditiile unei
cantitati insuficiente de aer. Aerul secundar si, in final,
aerul tertiar participa la procesul de ardere, distributia
etapizatd a aerului contribuind la reducerea emisiilor
de NO,.

In Figura 1 este prezentat principiul constructiv si
functional al arzatorului conceput pentru functionarea
cu emisii reduse de NO,.
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part and the base of the cylindrical part.

- The burner body constitutes the metal casing of
this equipment, compound by a cylindrical part
with the diameter @ 180 mm, in which enters the
warm air instilled through a connection and an
other front cylindrical part, with the diameter
O 95 mm. By the existing annular space between
the fronmt cylindrical side of the burner body and
the front cylindrical side of the air nozzle crosses
the tertiary air necessary for combustion.

- The ceramic stone of the burner, performed from
a super aluminous refractory concrete, is the
piece through which the flame is propagated. The
shape of the axial channel through which is
developed the flame and which constitutes the
combustion chamber of the burner, is truncated
cone, with the large base in the front position.

The burner uses combustion air preheated at the

maximum 400°C in an existing heat recuperator

placed on the exit route of waste gas from the furnace.

The functional principle of the burner is presented as
follows.

The fuel (natural gas) is introduced in the burner
body through the posterior end of the flame stabilizer
and is distributed in the mixing area with the primary
air through radial orifices. The warm combustion air
enters in the burner body through its connection. One
part of the air volume enters through the orifices from
the posterior end of the air nozzle and crosses the
annular cylindrical space between the tubular sectors
of the flame stabilizer and the air nozzle. At the
contact between the fuel radial jets and the primary
air, the ignition of the combustible mixture is
produced. The flame is propagated through the
truncated cone inner space between stabilizer and
nozzle. At the exit from the truncated cone head of the
stabilizer, the flame tends to return at the base of the
propagation area, due to the hot metal surface of the
truncated cone head. Thus, there are a flame
recirculation which, on the one hand, contributes to
the increasing of the flame stability in operation
and, on an other hand, influences favorable on the
reduction of the NO, emission. The flame produced
during of the first mixing stage between the natural
gas and the primary air is a reducing flame,
developed in the condition of an insufficient amount of
air. The secondary air and, finally, the tertiary air
participate in the combustion process, the stepwise
distribution of air contributing to the reduction of the
NO; emissions.

In Figure 1 is presented the constructive and
functional principle of the burner conceived to
operate with low NO, emissions.
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Fig. 1. Principiul constructiv si functional al arzatorului cu emisii reduse de noxe
The constructive and functional principle of the burner with low emissions of pollutants

4. METODOLOGIA EXPERIMENTARII

Determinarea  caracteristicilor i parametrilor
functionali ai arzatorului prototip de 150 kW s-a
efectuat pe un stand de incercari de la Institutul de
Cercetari Metalurgice Bucuresti. Arzatorul a fost
alimentat cu gaz natural din conducta generald de
alimentare a halei la presiunea de 50 mbar, pe racordul
de intrare a combustibilului in corpul arzatorului fiind
prevazuta o diafragma pentru masurarea debitului orar
si un manometru tip Bourdon pentru masurarea
presiunii Tnaintea intrarii gazului natural in arzitor.
Aerul de combustie, furnizat de un ventilator de aer cu
debitul de 1000 m*h si presiunea de 600 mm col.
H,O0, a fost preincalzit la 400°C intr-un schimbator de
caldura alimentat independent cu gaz natural. Debitul
orar de aer a fost masurat cu ajutorul unei diafragme
montate la intrarea 1n preincdlzitor. Masurarea
presiunii aerului la intrarea in arzétor s-a realizat cu un
manometru tip U cu apa.

Analiza chimicd a gazelor arse rezultate din procesul
de ardere s-a efectuat prin prelevarea probelor din
zona varfului vizibil al flacarii (unde procesul de
ardere al combustibilului este practic incheiat) cu
sonda analizorului digital TESTO-350. Se determina
concentratiile volumetrice ale CO, O,, CHi4, NOy si
CO; din gazele arse uscate. De asemenea, in timpul
functiondrii arzdtorului, dupd stabilizarea fiecarui
regim termic si determinarea parametrilor functionali
precizati mai sus, s-au masurat temperatura flacarii
(cu un termocuplu Pt-Rh-Pt) si lungimea acesteia de
la iesirea din camera de ardere ceramica pana in varful
vizibil.

Metodologia masurarii parametrilor functionali ai

arzatorului consta in urmatorii pasi:

- Efectuarea reglajelor debitelor de gaz natural si aer
de combustie corespunzatoare regimului termic
nominal, adica debitul de gaz natural de 15 Nm’/h
si debitul de aer corespunzator unui coeficient de
exces de aer cat mai mic (apropiat de o = 1), care

4. EXPERIMENTAL METHODOLOGY

The determination of characteristics and functional
parameters of the prototype burner of 150 kW was
carried out on a testing stand in the Metallurgical
Research Institute of Bucharest. The burner was
supplied with natural gas from the general supply
pipe of the hall at the pressure of 50 mbar, on the
connection of fuel entrance in the burner body being
provided with a diaphragm to measure the hourly flow
and a manometer Bourdon type to measure the
pressure before the natural gas entering into the
burner.
The combustion air, provided by an air ventilator with
the flow of 1000 m’/h and the pressure of 600 mm
H,O column, was preheated at 400°C into a heat
exchanger powered independently with natural gas.
The hourly flow of air was measured with a
diaphragm fitted at the entrance into the preheater.
The measurement of the air pressure at the entrance
into the burner was carried out with a U type
manometer with water.
The chemical analyze of waste gas resulted from the
combustion process was carried out by taking the
samples from the head area of the visible flame
(where the fuel combustion process is practically
finished) with the sensor of the digital analyzer
TESTO-350. They are determined the volumetric
concentrations of CO, O, CH, NO, and CO; of the
dry waste gas. Also, during the operation of the
burner after the stabilization of the each thermal
regime and the determination of the functional
parameters mentioned above, they were measured the
flame temperature (with a Pt-Rh-Pt thermocouple)
and its length from the exit from the ceramic
combustion chamber up to the visible head.

The measurement methodology of the burner

functional parameters consists in the following steps:

- Making the adjustments of the flows of natural gas
and combustion air corresponding to the nominal
thermal regime, i. e. the natural gas flow of
15 Nm’/h and the air flow corresponding to a
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asigurd un continut minim de CO in gazele arse
(determinat prin analize chimice instantanee ale
gazelor).

- Efectuarea altor reglaje ale debitelor de
combustibil si aer inferioare regimului nominal,
conform acelorasi proceduri, pana la atingerea
valorii minime a debitului de gaz natural sub care
se produce stingerea flacarii.

- Pentru determinarea valorii maxime a debitului
de gaz natural la care arzatorul poate functiona
in conditii de sigurantd si stabilitate, se deschid
succesiv robinetele de gaz natural §i aer peste
valorile corespunzatoare regimului nominal, pana
cand flacdra isi pierde stabilitatea in functionare
si se stinge. Se noteazd parametrii functionali ai
arzatorului corespunzitori regimului termic care
precede Inceperea instabilitatii functionale.

5. REZULTATE EXPERIMENTALE

Arzatorul prototip cu puterea termicd nominald de
150 kW a fost testat pe un stand de incercari de la
Institutul de Cercetari Metalurgice Bucuresti, conform
metodologiei de experimentare descrise mai sus.

In Tabelul 1 sunt prezentate rezultatele experimentale
obtinute.

coefficient of air excess as low as possible (close
to o. = 1), which assures a minimum content of CO
in waste gas (determined by instant chemical
analyzes of the gases).

- Making of other adjustments of fuel and air flows
lower compared to the nominal regime, according
to the same proceedings, until reaching the
minimum value of the natural gas flow below
which the flame is extinguished.

- To determine the maximum value of the natural
gas flow at which the burner can operate safety
and stability, they are opened successively the
natural gas and air taps over the values
corresponding to the nominal regime until the
flame loses its stability in operation and
extinguishes. They are noted the functional
parameters of the burner corresponding to the
thermal regime which precedes the commen-
cement of the functional instability.

5. EXPERIMENTAL RESULTS

The prototype burner with the nominal thermal power
of 150 kW was tested on a testing stand in the
Metallurgical Research Institute of Bucharest,
according to the experimentation methodology
described above. In Table 1 are presented the
experimental resullts.

Tabelul 1. Rezultate experimentale
Table 1. Experimental results

Natural gas Combustion air Chemical composition of waste gas | Flame | Flame
Tem- | Coeffi- tempe-
Flow Pressure | Flow fress;reo pera- | cient CO, | O CoO NOy rature | length
mm of air
t
[Nm*h] | [mbar] | [Nm*/h] | column] Frg] excess | [%] | [%] | [mg/Nm®] | [mg/Nm®] | [°C] [m]
18.5 38.0 179.6 182 400 1.02 1.5 0.7 28 201 1580 0.65
15.0 25.0 145.7 92 400 1.02 1.5 0.7 26 188 1550 0.60
12.0 16.9 117.7 59 400 1.03 1.4 0.9 34 186 1520 0.50
9.0 11.3 90.0 41 400 1.05 1.1 1.2 39 184 1490 0.35
7.0 7.5 70.6 30 400 1.06 0.9 1.5 49 176 1460 0.30
5.0 5.0 514 21 400 1.08 0.6 1.9 67 172 1440 0.20
3.7 3.6 39.5 15 400 1.12 0.9 2.4 90 177 1430 0.15

Conform datelor din Tabelul 1, valorile debitului
orar de gaz natural sunt cuprinse intr-un interval foarte
larg intre limita minima (3,7 Nm’/h) si cea maxima
(18,5 Nm’/h), explicabil prin existenta a trei trepte
distincte de amestec intre combustibil si aer.
Coeficientul de exces de aer are valori foarte mici, In
conditiile in care emisiile de CO se mentin in limite
reduse, ceea ce indicd faptul ca solutiile adoptate
prin proiectare permit un foarte bun amestec intre
combustibil si aerul de combustie in zona de ardere.
Temperatura flacarii atinge valori nalte, care ajung
pana la 1580°C la debitul maxim de gaz natural si
52

According to the data from Table 1, the values of the
hourly flow of natural gas are contained in a very
wide range between the minimum limit (3.7 Nm’/h)
and the maximum (18.5 Nm’/h), explained by the
existence of three distinct mixing stages between fuel
and air. The coefficient of air excess has very low
values, in conditions of maintaining the CO emissions
in low limits, which indicates that the solutions
adopted by design allow a very good mixing between
fuel and combustion air in the combustion area.

The flame temperature reaches high values, up to
1580°C at the maximum flow of natural gas and
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1550°C la debitul nominal, reducandu-se odata cu
scaderea debitului de combustibil. Din punctul de
vedere al emisiilor de NO,, acest nivel ridicat al
temperaturii de ardere la regimurile termice mari
este dezavantajos conform teoriei privind mecanismul
de formare si factorii care influenteazd NO, (vezi
capitolul 2). Conform aceleasi teorii, cresterea
excesului de aer (pand la o = 1,2) favorizeaza nivelul
emisiilor de NO,, ceea ce inseamna cad la valorile
coeficientului o corespunzatoare regimurilor termice
mari (o = 1,02-1,03), emisiile de NO, sunt diminuate.
Dintre factorii care influenteazd formarea NO,,
temperatura de ardere si excesul de aer constituie
variabile ale procesului de ardere. Cei doi factori au
influente total opuse in intervalul regimurilor termice
ale arzitorului, ponderea mai importantd avand-o
temperatura de ardere. Ceilalti doi factori, enumerati
anterior, ar putea avea o influentd mai insemnata
asupra diminuarii emisiilor de NO,, cu precadere la
regimurile termice mari, comparativ cu regimurile
termice minime, deoarece volumele mult mai mici de
combustibil si aer, care participa la ardere in acelasi
spatiu interior al arzatorului, au o probabilitate mult
diminuatd de a se amesteca In conditii acceptabile.
Conform datelor din Tabelul 1, valorile emisiilor de
NOy au o tendintd usor descrescatoare de la debitul
maxim de gaz natural catre cel minim. Totusi, datorita
compensarii efectelor factorilor care influenteaza
formarea NOy (in special, a temperaturii de ardere si
excesului de aer), se remarcd o relativd nivelare
a valorii emisiilor de NO, pe intregul domeniu de
functionare al arzatorului. Emisiile de NO, se
incadreazd intr-un interval destul de restrans intre
172-201 mg/Nm’. Comparativ cu limita maxima
admisa de normele legale, de 350 mg/Nm’, se poate
concluziona ca emisiile de NOy ale arzatorului sunt la
un nivel scazut in intregul domeniu de functionare.

In Tabelul 2 sunt prezentate caracteristicile si
parametrii functionali ai arzatorului de 150 kW.

1550°C at the nominal flow, decreasing with the
decrease of the fuel flow. In terms of the NO,
emissions, this high level of the combustion
temperature at the high thermal regimes is
disadvantageous according to the theory on the
formation mechanism and the factors which influence
the NO, emissions (see Chapter 2). According to
the same theory, the increasing of the air excess (up
to o = 1.2) favours the level of the NO, emissions,
which means that at the values of o coefficient
corresponding to the high thermal regimes (o = 1.02-
1.03), the NO, emissions are diminished. Between the
factors which influence the NO, formation, the
combustion temperature and the air excess constitute
variables of the combustion process. The two factors
have opposing influences in the range of the burner
thermal regimes, the most important share having the
combustion temperature. The other two factors,
mentioned above, could have a significant influence
on reducing the NO, emissions, especially, at the high
thermal regimes, compared to the minimum thermal
regimes, because the much smaller volumes of fuel
and air, which participate in combustion in the same
inner space of the burner, have a much diminished
probability to mixing on acceptable terms. As the data
from Table 1, the values of NO, emissions tend down
slightly from the maximum flow of natural gas to the
minimum. However, due to compensation effects of
factors which influence the NO, formation (especially,
the combustion temperature and the air excess), is
distinguished a relative leveling of the value of the
NO, emissions on the whole domain of the burner
operation. The NO, emissions are included in a rather
small range between 172-201 mg/Nm’. Compared to
the maximum limit allowed by the lawful norms, of
350 mg/Nm3, it can be concluded that the NO,
emissions of the burner have a low level on the whole
domain of operation.

In Table 2 are presented the characteristics and the
functional parameters of the 150 kW burner.

Tabelul 2. Caracteristicile si parametrii functionali ai arzatorului
Table 2. Characteristics and functional parameters of the burner

Name Unit Value

Thermal power of the burner kW 150
Hourly flow of natural gas:

- maximum Nm’/h 18.5

- nominal Nm’/h 15.0

- minimum Nm’/h 3.7
Natural gas pressure:

- maximum mbar 38.0

- nominal mbar 25.0

- minimum mbar 3.6
Hourly flow of the combustion air:

- at the maximum thermal regime Nm’/h 179.6

- at the nominal thermal regime Nm’/h 145.7

- at the minimum thermal regime Nm’/h 39.5
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Name Unit Value

Combustion air pressure:

- at the maximum thermal regime mm H,O col. 182

- at the nominal thermal regime mm H,O col. 92

- at the minimum thermal regime mm H,O col. 15
Combustion air temperature °C 400
Coefficient of air excess:

- at the maximum thermal regime - 1.02

- at the nominal regime - 1.02

- at the minimum regime - 1.12
Flame temperature:

- at the maximum thermal regime °C 1580

- at the nominal regime °C 1550

- at the minimum thermal regime °C 1430
Flame length:

- at the maximum thermal regime m 0.65

- at the nominal thermal regime m 0.60

- at the minimum thermal regime m 0,15
The range of the CO emissions mg/Nm’ 28 -90
The range of the NO, emissions mg/Nm’ 172 - 201

5. IMPACTUL ASUPRA MEDIULUI

Dupé cum s-a precizat mai sus, arzatorul conceput si
realizat de autorii lucrdrii este destinat inlocuirii
arzatorului TRICEM 15 utilizat pe scara largd la
cuptoare de incdlzire tip camerd din industria
siderurgica romaneasca. Masuratori efectuate asupra
emisiilor de noxe ale arzitorului de referintd la
functionarea in conditii similare de preincalzire a
aerului de combustie (400°C) au indicat urmatoarele
rezultate: emisiile de CO se incadreaza in intervalul
47-122 mg/Nm’, iar cele de NOy sunt cuprinse intre
325-640 mg/Nm’. Daci emisiile de CO sunt mici,
in special la functionarea la debitul nominal de
combustibil (15 Nm’/h), depasirea limitei maxime
admise de lege (100 mg/Nm’, conform Ordinului
nr. 462/1993 al Ministerului Mediului din Romania)
realizdndu-se doar la functionarea la debite mici de
combustibil, In schimb intervalul emisiilor de NO,
depéaseste iIn mod evident limita maxima admisd de
350 mg/Nm’.

Asadar, cel putin din punct de vedere ecologic, se
justificd inlocuirea arzitoarelor de tip TRICEM la
cuptoarele de incalzire din industria siderurgica.

In prezent, patru arzitoare de tipul celui testat pe
standul de incercari, ale cdrui caracteristici tehnice
sunt prezentate in Tabelul 2, echipeaza un cuptor
de incalzire tip camerd de 6 m’, pentru forjare si
functioneaza la ArcelorMittal Galati.

Din datele furnizate de beneficiar, rezultd ca emisiile
de noxe si, in special, cele de NO,, se situeaza
sub limitele maxime admise de lege, conform
caracteristicilor tehnice ale arzatorului din Tabelul 2.
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5. THE IMPACT ON ENVIRONMENT

As noted above, the burner conceived and achieved by
the authors' of this paper is destined to replace the
TRICEM 15 burner used on a large scale at the
chamber type heating furnaces in the Romanian iron
and steel industry. Measurements carried out on the
pollutants emissions of the reference burner at the
operation in similar conditions of preheating of the
combustion air (400°C) indicated the following
results: the CO emissions are included in the range
47-122 mg/Nm’ and the NO; are comprised between
325-640 mg/Nm’. If the CO emissions are low,
especially, at the operation with the fuel nominal flow
(15 Nm’/h), the exceeding of the maximum limit
allowed by law (100 mg/Nm’, according to the Order
no. 462/1993 of the Romanian Environment Ministry)
carring only at the operation with low fuel flow, in
exchange, the NO, emissions range exceed evidently
the maximum limit allowed of 350 mg/Nm’.

Therefore, at least on ecology terms, is justified to
replace the TRICEM type burners at the heating
furnaces in the iron and steel industry.

Now, four burners of the type of that tested on the
testing stand, whose technical characteristics are
presented in Table 2, equip a chamber type heating
furnace (of 6 m’), for forging and operate in
ArcelorMittal Galati.

From the data provided by the beneficiary, results
that the pollutants emissions and, especially, the NO,,
is placed below the maximum limits allowed by law,
according to the technical characteristics of the
burner from Table 2.



Arzdtor pentru cuptoare de Incalzire tip camera din industria siderurgica cu emisii reduse de noxe

6. CONCLUZII

1.

Principalul obiectiv al cercetdrii prezentate in
lucrare il constituie gasirea solutiilor tehnice
optime in vederea diminudrii emisiilor de oxizi de
azot (NO,) ale arzatoarelor utilizate la cuptoare de
incalzire tip camera din industria siderurgica.

Factorii care influenteazd mecanismul formarii
oxizilor de azot sunt: gradul de preamestecare a
combustibilului cu aerul de combustie, tempera-
tura de ardere a combustibilului, excesul de aer si
recircularea gazelor arse in zona de ardere.
Solutiile adoptate pentru noul arzitor sunt:
distributia in zona de ardere a aerului de combus-
tie In trei trepte de amestecare cu combustibilul,
asigurarea, prin proiectarea pieselor arzatorului, a
unui foarte bun amestec intre combustibil si aer,
astfel incat arderea combustibilului sa fie completa
la coeficienti de exces de aer foarte mici, crearea
conditiilor pentru recircularea gazelor arse la baza
flacarii, prin dimensionarea adecvatd a capului
frontal al stabilizatorului de flacara.

Testarea arzatorului prototip, cu puterea termica
nominald de 150 kW si aer preincilzit la 400°C,
s-a efectuat in baza experimentald a Institutului
de Cercetari Metalurgice Bucuresti si rezultatele
experimentale au confirmat corectitudinea alegerii
solutiilor tehnice. Astfel, in conditiile obtinerii
unor temperaturi inalte ale flacarii, de peste
1550°C, emisiile de noxe au avut valori mult sub
nivelele maxime admise de lege: 26 mg CO/Nm®
si 188 mg NO/Nm’ la regimul termic nominal,
fatd de limitele admise de 100 mg CO/Nm’ si
350 mg NO,/Nm°.

Noul arzitor de 150 kW a fost conceput pentru
a 1nlocui arzatoarele de tip TRICEM cu aceeasi
putere termicd nominald, caracterizate prin emisii
mari de NOy.

in prezent, patru arzitoare de tipul celui testat pe
standul de incercari functioneaza la ArcelorMittal
Galati, pe un cuptor de incélzire tip camerd de
6 m’. Emisiile de noxe si, in special, cele de
NO, se situeazd sub limitele maxime admise de
normele legale.

6. CONCLUSIONS

1. The main objective of the research presented in

the paper constitutes the finding of the optimum
technical solutions to diminish the nitrogen oxides
(NO,) emissions of the burner used at the chamber
type heating furnaces in the iron and steel
industry.

The factors which influence the mechanism of
nitrogen oxides formation are: the premixing
degree of the fuel with the combustion air, the
combustion temperature of fuel, the air excess and
the waste gas recirculation in the combustion
area.

The solutions adopted for the new burner are:
distribution in the combustion area of the
combustion air in the three mixing stages with
the fuel, assuring, by the burner pieces design, of
a very good mixing between fuel and air, so
that the fuel combustion to be complete at very
low coefficients of air excess, the creation of
conditions for recirculation of waste gas at the
flame base, by the adequate sizing of the front
head of the flame stabilizer.

The testing of the prototype burner, with the
nominal thermal power of 150 kW and air
preheated at 400°C, was carried out in the
experimental base of the Metallurgical Research
Institute Bucharest and the experimental results
confirmed the correctness of the technical
solutions selecting. Thus, in the conditions of
obtaining high temperature of flame, of over
1550°C, the pollutions emissions had values much
below the maximum levels allowed by law: 26 mg
CO/Nm’ and 188 mg NO,/Nm’ at the nominal
thermal regime, compared to the allowable limits
of 100 mg CO/Nm’ and 350 mg NO/Nm’.

The new burner of 150 kW was conceived to
replace the TRICEM type burners with the same
nominal thermal power, characterized by high
NO, emissions.

Now, four burners of the type of that tested on
the testing stand operate in ArcelorMittal Galati,
on a chamber type heating furnace of 6 m’. The
emissions of pollutants and, especially, the NO,
are placed below the maximum limits allowed by
the lawful norms.
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