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Abstract. This work presents a numerical study of combugtimeess of leather residual gasification gas, aignihe
improvement of the efficiency of the gas burningcpss. The thermal energy produced can be usedriergtion of
energy, thermal and/or electric, for use at theties industrial plant. However, the direct burnimg this leather-
residual-gas into the chambers is not a simple essc An alternative to be developed consist irr¢ogss this leather
residuals by gasification or pyrolysis, separdte wolatiles and incomplete products of combustionafter use as
fuel in a boiler. Yet another problem related te thurning of gas-product of leather-gasificationtlie presence of
environment-harmful-gases, remainings of the chalmieatment employed at leather manufacture, aanice,
hydrocarbons as the toluene, the chrome and othdc gases, as the carbon monoxide and,Niat must be either
fully consumed in combustion process, or have fmiduction minimized, with the purpose of redtheemission of
pollutants into the atmosphere. At this way, aiminigetter understanding of the combustion proeeskin order to
obtaian improved design of this kind of furnacew@és made a numerical simulation study of reacfiges in the
chamber, for evaluate the thermal changes, the ttsmeactions rates at the process and the fleidfias well. The
commercial CFD software CFX © Ansys Inc. was u3dus kind of computational tool achieve good resalt low
costs and time. Beyond that, with the improveménbmputational technology, is possible to pretictie quantities
of details, obtaining solutions closer to the ad¢toaeration conditions, helping significantly theadysis of new
designs of devices and equipments.
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1. INTRODUCTION

The development of feasible technologies in ordenake profitable the use of nonconventional ensmyrces in
replacement of fossil fuels is one of the biggeshhological challenges of the present times. Thim measons for that
are the global warming associated with fossil fuslsbustion emissions and the finite reservesagdaHuels.

There are many industries dedicated to the prooluaf leather clothes, handbags and shoes at Brazibutheast
region. Due to its origin, availability and thermallue, the leather waste is considered a biomads ®ther favorable
result of the combustion of leather is the ash mmdpct. They are rich in chromium and can be usecha material in
the steel industry for the production of Fe-Cr yloThey can be also recycled into chromium sukpldtich is used in
the tanning process. The chromium acid, used iotrelelating, is another possible application (Gbdin2006).
Beyond that, another big problem that mankind nreetn how to cope with is the final destinationagfste. The usual
disposal in landfills is no more acceptable dueéhémmful consequences as underground water conttiarinand
methane emissions due to the decomposition pradfes® organic raw material. The allocation of Eiground areas
for waste disposal is also an emerging problemeilldirect burning of biomass is not straightfordvalue to many
technical and environmental requirements. As a egusnce, several techniques are being studiedthe.g.ollection
and use of methane in energy production plantspostmg, anaerobic digestion, and combustion oifigagon of the
waste. They are called waste to energy (WtE) telolgims and present large possibilities for improeets. The
knowledge of the technologies of gasification amenbustion of biomass is not completely developed arany
research studies were done in the last years magfdyed to coal, waste and biomass. Neverthestsdies related to
leather residues are very rare.

The efficient operation of combustion chambers adifiers and boilers is strongly dependent uponatkidation
reactions and heat, mass and momentum transfeusrioecinside the devices. Therefore, improvemeéntthe project
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of those devices are welcome. A substantial quaafitvorks about biomass combustion can be fourttiéniterature,
albeit few of them are related to leather combustipgasification.

Bahillo et al (2004) performed experimental studies on fluidibed combustion of leather scraps. The HCN and
NH; concentrations were measured in the reactor auteatithe flue gas. According to the results, thecentrations
are very low at flue gases; nevertheless they igte dt the reactor core. The HCN concentratioroissaerably higher
than that of NH.

Godinhoet al. (2006) presented an experimental analysis ofra-p#ot plant for the processing of footwear leath
wastes. The objective of the work was to evaluat pierformance of the plant. The unit comprisedratifed
downdraft gasifier, an oxidation reactor and arpaifution control system (APC). The results obéairin this work led
to conclude that the operational conditions appiiethe process provided a low degree of oxidatibthe chromium
content in the waste. There is also a significamtigipation of water-soluble compounds in the igatate matter. The
low concentration of CO in the flue gas indicateghtcombustion efficiency for the process. A sigrant reduction of
the NO emissions was obtained, compared to thétsesuthe combustion of footwear leather wastdluidized bed.
The main conclusion is that the footwear leathestevgdbiomass) represents an alternate source dogeheration of
electric energy. In another work, Shkdhal (2008) presents an investigation about the cotidrusharacteristics of gas
fuel in a pyrolysis-melting incinerator. The stuaiyns to develop a novel incineration process camsigd the intrinsic
characteristics of waste generated in Korea. Tfextsf of secondary and tertiary air on flow pattenixing, and NQ
emissions of the combustion chamber were investijathe pyrolyzed gas was simulated by propanejdasized
molecule among all the components. The propaneinjasted in the combustion chamber, and burnt thinoonulti-
step combustion by distributing the combustiont@iprimary, secondary, and tertiary air nozzlesnperature and gas
components in the combustion performances wererrdated by temperature distribution and, @O and NQ
chemical species concentration. These results edachat using the secondary and/or tertiary hi&, dcombustion
performance was improved, and, in particular,yN©ncentration decreased significantly following ttertiary air
injection.

Salvadoret al. (2006) presented a numerical 2D model to simulla¢ecbupled equations for flow, heat transfer,
mass transfer and progress of chemical reactiorss tbErmal recuperative incinerator (TRI) used xaiae volatile
organic compounds (VOCs) diluted in an air floweTdommercial software Fluent (Fluent Inc., 1998} waed. This
model was confronted with experimental values algtion a highly instrumented semi-industrial-sqailet unit
running under the same conditions. The results stimt the model developed is a good tool for thalysis of
combustion processes and it can predict importdatration about the flow, heat transfer and palatformation.

The work of Choi and Yi (2000) presented a numéstady of a combustion process of VOCs in a regane
thermal oxidizer (RTO). Steady and unsteady flosidfi distributions of temperature, pressure andpasitions of the
flue gas in the RTO were simulated by computatidhatl dynamics (CFD) using the commercial softwéleent
(Fluent Inc., 1998). The model system was the diidaof benzene, toluene and xylene by the RTO clwhias
constituted by three beds packed with ceramic bemdschange heat. The results show that a levelodé of VOCs is
sufficient to provide energy for the oxidation whgeat is exchanged through the ceramic bed. A dera@d of 0.2 m
in height is sufficient to operate properly at tne®nditions and 5 s is recommended as the stregtichsg time. In
addition, the results can provide insight and pcattesponses involved in the design of an indaldRTO unit.

The present research work presents a numericallaiom study, using a commercial CFD code, apptedhe
development of an optimized design of furnace uselurn the resulting gas of the leather gasificafprocess. The
subject of the study is the analysis of combuspoocesses of the gas, the verification of the éftddhe gas flow
along the combustion chamber of a furnace of amstidhl unit pilot. The main objectives are to ¥erihe global
efficiency of the burning process and to providgght related to mechanical of the flow inside ¢thamber.

2. MATHEMATICAL FORMULATION

The proposed task can be stated as follows: desgpmbustion chamber to burn leather residual igatiin gas
in air, compute the temperature, chemical speageantrations and the velocity fields for gas migtuand verify
geometry features on the combustion process atatgati formation.

The chemical reaction of the leather residual gagibn gas used at this work, that here is comsileomposed to
HCN, methane, hydrogen and carbon monoxide, is faddeccording to global equations presented on bvesk and
Dryer (1981), which follow:

The methane oxidation is modeled by two globalstgjpven by:

2CHS9 + 022N +3(0f? + 376N ) . 2CO% +4H,0% +115N

@
2CO® +1(0,*? + 376N29) -, 2COM* + 376N
The carbon monoxide oxidation is modeled by:
2C0® +1(0,® + 376N ) — 2COM™ + 376N 2

The hydrogen oxidation is modeled by:



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

2H,? +0,% _ 2H,0%9 (3)

The formation of NQ is modeled by Zeldovich mechanisms using two diifé paths, the thermal-NO and the
prompt-NO, where the first, that is predominanteshperatures above 1800 K, is given by tree-stemnatal reaction
mechanisms:

o + NZ(ZB) _ NO® + N (4)
N(14) +OZ(32) . No(ao) +O(1e) (5)

In sub or near stoichiometric conditions, a thidation is also used
OH an 4 N L4 N No(30) +H @ (6)

where the chemical reaction rates are predictefirbyenius equation.

The prompt-NO is formed at temperatures lower th&8A0 K, where radicals can react rapidly with molac
nitrogen to form HCN, which may be oxidized to N@der flame conditions. The complete mechanism is no
straightforward. However, De Soete proposed a simglaction rate to describe the NO source by Femmeim
mechanism, which is used at this work, and the émils equations are used for predict this chemézadtion rate. At
this way, the HCN oxidation to form NO is modeled b

HCN® +0f? , HCO® + NO®? (7-a)
The HCN oxidation to consume the NO is

HCN®” +NO®? _, HCO® + N/ (7-b)
The HCO oxidation is modeled by

HCO® + 0750 — CO{* +H,0%® (7-c)
And, to the reburn of NO by the Gifuel gas:

CH/ +4NO® _ COM* +4H,0%” + 2N (7-d)

Scalar transport equations are solved for velogitgssure, temperature and chemical species. Tikerimtion of
the fluid is modeled using single velocity, pregsuemperature, chemical species and turbulenicks fie

2.1. Mass and species mass fraction transport equermns

Each component has its own Reynolds-averaged equafdbr mass conservation, which, considering
incompressible and stationary flow can be writtertdnsor notation as a mixture faction of all comgrts. So, the
standard continuity equation can be written as

o)
0X;

whereL] i :Z(bi L] i j/p p and ,4_7 are respectively the mass-average density of floiponenti in the mixture

and the average density,is the spatial coordinate, aln:dj is the mass-averaged velocity of fluid componient

The mass fraction of componeit is defined as\N(i :/Sl/,Z Substituting this expressions into Eq. (8) and
modeling the turbulent scalar flows using the edidgipation assumption it follows that

d(—- o). 0 o \aY
L lpuy|=2|| o +£ |2+ 9
0x, (p ' ') 0x (le Sq)axj ' ®)

where D, is the kinematic diffusivity,y, is the turbulent viscosity an8¢ is the turbulent Schmidt number. Note that
the sum of component mass fractions over all coraptnis equal to one.

2.2. Momentum transport equations
For the fluid flow the momentum conservation equadiare given by:
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ox X, ox; ox, | 0X,0x

where p, =pu+p and u is the mixture dynamic viscosity angs is the turbulent viscosity, defined as
U, =C,pk*/e. The term p’ =f>— (2/3)k is the modified pressureC, is an empirical constant of the turbulence

model, B is the time-averaged pressure of the gaseous majxéund & is the Kronecker delta functiorg, is the

source term, introduced to model the buoyancy aralty dorce due to the transportation particles, ariger
mathematical terms due to turbulence models. Thes&inesq model is used to represent the buoyamcg fiue to
density variations.

2.3. Thek —@ turbulence model

The equations for turbulent kinetic enerdgy, and its turbulent frequenay,, are:

0 (- 0 M) ok
ox; (pUik) [ax ('LH Jax} R F pa h

0 (- - 0 M 0w
| pU @|=| | u+L +aZp - 12
X (p 'w) [6xj ('u o Jax) Y k - B (12)

J @ ]

where ', f and a are empirical constants of the turbulence modghnd o, are the Prandtl numbers of the kinetic

energy and frequency, respectively, aRdis the term who accounts for the production ottrdeson of the turbulent
kinetic energy.

p =y 2 2 19
ox; 6)9

2.4. Energy transport equations

Considering the transport of energy due to theudiffn of each chemical species, the energy equatonbe
written as

O (-u nl=29 w)oh de— -3y, 4 ah ”
e Uh =— + /1 2y Dh| (IO s S +S +S
an (p : ) axj (['u PI; ] an Izp ! axj PI; axj rad rea

whereh and c, are the average enthalpy and specific heat ofnilkure. The latter is given by, = ZYa c. . , where

pa’

c. andY are the specific heat and the average mass fnactiathe a -th chemical speciesk is the thermal

p.a

conductivity of the mixture,Pr is the turbulent Prandtl number, ai8], and S_, represent the sources of thermal

rea

energy due to the radiative transfer and to thenite reactions. The terr§__ can be written as:

rea

S [MMG I ] (15)

Tetar

where T is the average temperature of the mixtuhg, and 'I:,ef,a are the formation enthalpy and the reference
temperature of ther -th chemical species. To complete the model, tmsitkeof mixture can be obtained from the ideal

_ Y -1
gas equation of state (Kuo, 1996; CFX Inc., 2004rn$, 2000), 0 = pMM(RT) , Where p is the combustion

chamber operational pressure, which is here setlaéqul atm (Spalding, 1979), ardM is the mixture molecular
mass. The aforementioned equations are valid amlyhé turbulent core, where>> . Close to the wall, the
logarithmic law of the wall is used (Launder ancBha, 1974).

To consider thermal radiation exchanges insidectirabustion chamber, the Discrete Transfer Radiddodel -
DTRM is employed (Carvalhet al, 1991), considering that the scattering is isatrophe effect of the wavelength
dependence is not considered, and the gas absogquéificient is considered uniform inside the castipn chamber
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and its value is 0.5 ™ Then, the Radiative Transfer Equation — RTE tegrated within its spectral band and a
modified RTE can be written as

di(r,s) _ K,oT* _ .
ds T

At the equations aboves is the Stefan-Boltzmann constant (5.672 £ Y@/nm?K*), ris the vector positions is
the vector direction,S is the path lengthK, is the absorption coefficiend, is the total radiation intensity which

depends on position and direction, a8t is the radiation source term, which can incorpgothé radiation emission of
the particles, for example.

K I(r,s)+S (16)

2.5. The E-A (Eddy Breakup — Arrhenius) chemical ractions model

The reduced chemical reactions model that is engpldyere assumes finite rate reactions and a stetady
turbulent process to volatiles combustion. In additit is considered that the combined pre-mixad aon-premixed
oxidation occurs in two global chemical reactioapst, and involves the follow species: oxygen, nreghdydrogen,
nitrogen, water vapor, carbon dioxide and carbonaw@e. A conservation equation is required forhesgecies, with
the exception of nitrogen. Thus, one has the ceatien equation for ther -th chemical species, given by Eq. (9),
where the source terny, considers the average volumetric rate of fornmato destruction of ther -th chemical

species at all chemical reactions. This term ismaed from the summation of the volumetric rategoomation or

destruction in all thek -th equations where the -th species is presenR,, . Thus,ﬁa = ZE .
k

The rate of formation or destructioa, can be obtained from an Arrhenius kinetic ratatien, which takes into

account the turbulence effect, such as Magnusseatieqs (Eddy Breakup) (Magnussen and Hjertagerg)%r a
combination of the two formulations, the so calkedhenius-Magnussen model (Eatenal, 1999; CFX Inc., 2004 ).
Such relations are appropriate for a wide rangappfiications, for instance, laminar or turbulenémiical reactions
with or without pre-mixing. The Arrhenius equatican be written as follows:

~ b ~ Vak —
Ra,k,Chemical = _/70,k MM a T A(rl a Ca ex;{ —E~k \J (17)
RT

where S, is the temperature exponent in each chemicaliogaét, which is obtained empirically together with the

energy activationg, and the coefficientA . M, is the product symboléa is the molar concentration of the -th

chemical speciesy,, is the concentration exponent in each reackorR is the gas constanMM . ands,, are the

molecular mass and the stoichiometric coefficidntroin the k -th chemical reaction.
In the Eddy-Breakup or Magnussen model, the chdmieaction rates are based on the theories of xorte
dissipation in the presence of turbulence. Thusdififusive flames:

— & ?a'
esu — s MM ”Ap_—x (18)
Rox - k7, MM,

where the indexa” represents the reactaat that has the least value &, ., .
In the presence of premixing, a third relationtfoe Eddy Breakup model is necessary, so that

£ 2V

k Z/]nkwp
p

MM .ABp (19)

Ra,k,Premixing = ”a‘k

where the indexp represents the gaseous products of the combustiamd B are empirical constants that are set as

4 and 0.5 (Magnussen and Hjertager, 1976). Magnussalel, Egs. (18) and (19), can be applied to bdthsive and
pre-mixed flames, or for the situation where bddimies coexist, taking the smallest rate of chenneattion.

Finally, for the Arrhenius-Magnussen model, givgnexgs. (17), (18) and (19), the rate of formatiordestruction
of the chemical species is taken as the least etveclen the values obtained from each model. ibfadlthat

R

a k,EBU?

w,k = mln(R Ra,k,Premixed) (20)

a k,Chemical’
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3. FURNACE DESCRIPTION

The furnace is a model already used for experinhesttalies and comprises four tubular segments. sEggnents
are made of refractory concrete. The first two tedfourth segments have a coaxial external tudekét) that creates
an annular region where air is preheated. The cetitruchamber comprises the first segment of theafte, where a
mixture of primary air and fuel is injected. Thesedary air is forced by a blower from the inletts upper region of
the second segment through the annular tube aimjeisted into the combustion chamber by means wérsé small
holes evenly distributed along the first segmethie Auxiliary air that enters at the lower parthaf fourth segment is
preheated at the annular region, then premixed fuigh oil and injected through the two auxiliaryrbers (Fig. 1)
during the startup of the plant. After the stanpapiod, the auxiliary burners act as tertiary agders.

Figure 1 - General disposition of the furnace.
4. MESH SETTINGS AND CONVERGENCE CRITERIA

The domain under consideration comprises the ferreca gasification/combustion plant to convertnbéss in
energy: the furnace comprises a tubular riser wioeairs the combustion process of residual gasificagas as
showed at Fig. 1. The entrance to furnace was derei the outlet of the domain. The discretizati@s done using
tetrahedral volumes. Prismatic volumes were usdideatvalls in order to capture the boundary layshdvior and mesh
refinements in the entrance region, correspondirtbé first part of furnace. Due to computatiomaitations, the mesh
size used has approximately 2.8%&ements. The convergence criterion adopted va&MS — Root Mean Square of
the residual values, and the value adopted was®lfdtGll equations.

5. BOUNDARY CONDITIONS

In order to simulate the leather waste gasificatjas, a fuel compounded of®l N,, CO, HCN, CQ, H, and CH
was used. The species concentrations attributéldetduel are shown in Tab. 1. It was considered ti mass flow
rate of this gas is 740 kg/h at uniform inlet tengpere of 800 °C. This temperature value was smesidering the
heating on gasification process.

The composition of the air for the combustion psscevas the usual one (23% of @nd 77% of B). The
temperature of inlet secondary air is 25 °C, theestemperature of ambient air around the plant,i@nehass flow rate
is 720 kg/h. The inlet air in the auxiliary burnépsimary and tertiary air) is heated in the pretee at segment 4, and
its mass flow rate is 90 kg/h for each burner. Aisavas considered that the insulation used afiiheace wall has a
thermal conductivity of approximately 1.4 W/mK aitsldensity is 2300 kg/Mmlt was not considered at this simulation
the thermal resistance of the metallic walls.

Table 1 — Chemical composition of inlet fuel gas.

Mass fraction | Mass flow [kg/h] Mass fraction | Mass flow [kg/h]
H,O 0.076 56.24 CO, 0.230 170.20
O, - - H, 0.007 5.18
N, 0.642 475.08 CH,4 0.012 8.88
Co 0.032 23.68 HCN 0.001 0.74
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6. RESULTS

The simulation showed that the design proposedHerfurnace presented good combustion efficienapld 2
presents the bulk chemical composition of the flae at the furnace outlet, obtained with simulagicocess.

Table 2 — Bulk chemical composition of outlet flges.

Mass Flow(kg/h) Mass fraction Mass Flow(kg/h) Mass fraction
CH, 0.000009  0.0055 (ppm) | O, 117.33000 6.87 (%)
co 0.000019  0.0110 (ppm) | NO 0.426300  249.60 (ppm)
co, 245.300000 14.3600 (%) |N, 1215.30000 71.16 (%)
H, 0.000006  0.0030 (ppm) | HCO 0.000451 0.26 (ppm)
H,0 129.28000 75700 (%) |HCN 0.158000  92.40 (ppm)

Figure 2-a shows the temperature field at a londgitl plane. The flame core temperatures are ofotider of
1700°C, resulting in a more efficient combustion andsi@sllutants in flue gases. Figure 2-b shows thardgen
concentration at the same longitudinal plane. Hgdrois fully oxidized at the first half part of tHarnace first
segment. This led to the conclusion that the cotidouschamber size is appropriate to the appliedratmal
parameters.

|
a3
i
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(Contour 1) ! (Contour 1)
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Figure 2 — (a) Temperature field; (b) Hydrogen @nication.

Figure 3 presents the temperature profiles at tmbestion chamber (first segment) along with thmaperature,
velocity and mass flow rate values at the air feedéong the chamber. The main purpose of thdtairis to provide
the excess air to ensure the complete gas comhusfine can observe that the air entering throughféleders
penetrates the flame region and disturbs the teatyrerfield but do not destabilize the flame.

Temperature
(Contour 1) T=299°C T=360°C T=420°C T=384°C
1700.0 V=164m/s V=175 m/s V=175m/s V=15mshs
1600.0 @=40kg/h 0=11.0kgh @ =100kg/h 0 =153 kg/h
L 15000 T=311°C T=438°C T'=455 °C T=427°C
14000 V=173m/s V=179m's
1300.0 0 =117 kegh
1200.0 2
1100.0 ©
. 1000.0
- 900.0
- 800.0
700.0
600.0
500.0
400.0
300.0
I g= 9= p=1

20 ventaneiras 52 ventaneiras 20 ventaneiras

Figure 3 — Temperature profile at the combusticemater and air feeders.
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As observed in Fig. 3, the flame profile is not lnmaneous along the chamber, instead concentrateg e core.
This is due to the distorted mixture (air plus gém)v at the combustion chamber up-flow region,edetined by the
furnace inlet design (Fig. 1). There is also a &ufi&l increase of the secondary air temperatalesy the jacket, thus
the higher temperature air is fed at the beginmihthe combustion process. This maintains high daemperatures
and enhances the burning process efficiency dumitong promotion (tangential inlet) and oxygen slyppg-igure 3
also shows that, as designed by assigning diverses for the inlet diameters, the air velocitind aass flows at the
feeders is not uniform.

Figure 4 presents the air flow characteristic sti@ges at the combustion chamber jacket, showiragretpat the air
distribution would not be homogeneous due to theakpath of the flow. As a consequence, the mixamgl the heat
transfer are enhanced.

ANSYS

@3’@
<

b

(b)
Figure 4 — Streamlines of the air flow in the pes&ting jacket: (a) front view; (b) rear view.

Figures 5-a and 5-b show the resulting concentrdieds for CO and CH The results of Fig. 2-b, 5-a and 5-b
allow the conclusion that all the combustible isd@ed in the first half part of the combustion ofizer (segment 1)
and the resulting flame occupies all the combustltamber segment.
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Figure 5 — (a) Carbon monoxide concentration; (leffdne concentration.

Figures 6-a and 6-b show the resulting concentrdtedd for oxygen and water vapor. Figure 6-a sk@lso that
the higher oxygen concentrations are at the primaarinlet and progressively vanishes along therd¥er, consumed
by the combustion processes.

Figures 7-a and 7-b show respectively the concemtrgrofiles of HCO and nitrogen along the furnadée
simultaneous observation of Fig. 2-a (temperatielel)f and 7-a (HCO field) enables the verificatittiat the HCO
production occurs at the higher temperatures regidhe combustion chamber that comprises the fl@ihdt is also
observed that the HCO is completely oxidized aldregcombustion chamber.

The concentration field of HCN and NQ@Qhermal + prompt + fuel) were presented at Fig. &d 8-b. The higher
HCN concentrations are also at segment 1, as eeghectegion of high hydrogen concentration (see Fif). In the
next segments the combustion products are dilutddtiae secondary and tertiary air.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering

Copyright © 2009 by ABCM

02.Mass Fraction

(Contour 1)
2.3e-001

2.0e-001
1.8e-001
1.5e-001
1.3e-001
1.0e-001
7.7e-002
5.1e-002
2.6e-002

0.0e+000

b

HCO.Mass Fra

(Contour 1)
5.6e-005

4.9e-005

4.3e-005

3.7e-005

3.1e-005

2.5e-005

1.9e-005

1.2e-005

6.2e-006

0.0e+000

HCN. Mass Fra

(Contour 1)
1.0e-003

8.9e-004
7.8e-004
6.7e-004
5.6e-004
4.5e-004
3.3e-004
2.2e-004
1.1e-004

0.0e+000

November 15-20, 2009, Gramado, RS, Brazil

o

| |

H20 .Mass Fraction
! (Contour 1) N e
| 1.1e-001

‘ 9.6e-002
] 8.4e-002
|

| 7.2e-002

6.0e-002

4.8e-002

3.6e-002

2.4e-002

1.2e-002

0.0e+000

(b)

Figure 6 — (a) Oxygen concentration; (b) Water vaqpmcentration.
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Figure 7 — (a) HCO concentration; (b) Nitrogen camtcation.
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Figure 8 — (a) HCN concentration; (b) NOx concetidra

Figure 8-b shows also that there is a high ratd@f formation along the furnace, especially at conibnsthamber
down flow, where the temperature is the higher dndeed, Fig. 2-a shows temperatures on the orfld300 to
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1500 K, high enough to enhance the production of N{pthe Fennimore mechanism. Besides, one can\eh#eat
HCN and NQ concentrations have an inverse relation; the aunagon of one reduces where the concentration of
other enhances. The high level of excess air amdbtige residence time of the flue gases in theafte also contribute
somewhat to the NQproduction.

7. CONCLUSIONS

Analyzing the temperature fields (Fig. 2-a and 3)e ocan see that the secondary air pre-heater improv
substantially the efficiency of the gas burningqass, with higher gas temperatures inside the caaniie higher
temperatures along the furnace allowed the ingi@aiaof the air pre-heater at the segment 4, ireotd pre-heat the
primary and tertiary air, leading to another imprment of the combustion process. Additionally #d@sond pre-heater
generates a supplementary quantity of air to tis#figation process, thus enhancing the global iefficy of the plant.
Another important conclusion is that the obediertoe CONAMA, the Brazilian Counsel of Environment,
determinations for CO limits, which determines ghhwalue of excess air, enhances significantlyN@®g production.
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