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Abstract. The development of the design of a combustion lobiata burn leather residuals gasification gasedther-
manufacture of the region near Porto Alegre citigp Brande do Sul, Brazil, aims the improvementeféfficiency of
the process. The thermal energy produced can ke atsthermal processes within the industrial plastwell as to the
electric energy production thus avoiding the congtiom of conventional fuel sources. Addictionale tstorage of
these residuals is very expensive as they are amwientally harmful, thus needing special storageeda avoid
environment contamination. However, the direct lmgnof this leather-residuals-gas in the chambernist a
straightforward process. The alternative develomedsists in to use this residual of leather for iatermediate
process of gasification or of pyrolysis and to sepathe volatiles, products of partial combustifar, after use as fuel
in a boiler. The boiler may be part of a Rankinavpo generation cycle, or also a cogeneration cyol@roduce the
water vapor and the hot water to the manufacturecpss of leather, and the electricity to the mactafy plant.
Another problem related to the burning of gas-pradof leather-gasification consists in the preseatenvironment-
harmful-gases, remainings of the chemical treatnenployed at leather manufacture, as cyanide, loaftmns as
toluene, chrome and other toxic gases, as the cannonoxide and NQ that must be either fully consumed in
combustion process or have their production mingajzavith the purpose of reduce the emission ofifauits into the
atmosphere. At this way, aiming a better understandf the combustion process and in order to ob#ai improved
design of this kind of furnace, an analysis of thactive flow in the chamber was done. Differenbrgetries and
dimensions were evaluated for new designs of catiobushambers, aiming the improvement of the théchanges,
the chemical reactions rates at the process and alsthe flow field. Here, it was used the comnar&FD
(Computational Fluid Dynamics) software CFX © An&ys. This kind of tool allows good results at loasts and
time. Beyond that, with the improvement of compmrtat technology, is possible to predict large gtignof details,
obtaining solutions closer to the actual operatioonditions, helping significantly the analysis @wn designs of
devices and equipments.
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1. INTRODUCTION

Among the biggest technological challenges of thesent times one may cite the development of feasib
technologies in order to make profitable the usaafconventional energy sources in replacements¥ilf fuels. The
main reasons for that are the global warming aasediwith fossil fuels combustion emissions andfitiige reserves of
those fuels.

Another big problem that mankind must learn hoveape with is the final destination of waste. Thaalglisposal
in landfills is no more acceptable due to harmfahsequences as underground water contaminationmatidane
emissions due to the decomposition process of ifp@nic raw material. The allocation of large groandas for waste
disposal is also an emerging problem. As a consegyeseveral techniques are being studied, e.gedlection and
use of methane in energy production plants, conmmsanaerobic digestion, and combustion or gasifin of the
waste. They are called waste to energy (WtE) teldgies and present large possibilities for improeets.

Leather industry waste presents a good potentisdgplication of such WtE technologies. There large quantity
of industries producing leather clothes, handbagkshoes at Brazilian southeast region and digogittiie residues in
landfills or trenches which must be constantly raneid. Also, the creation of new waste disposab@ris not
straightforward, due to restrictive environmentduirements. The legal responsibilities over treagrmust also be
taken into account.



Another favorable result of the combustion of leatls the ash byproduct. They are rich in chromamd can be
used as raw material in the steel industry forpraduction of Fe-Cr alloys. They can be also remydhto chromium
sulphate which is used in the tanning process. @tm®mium acid, used in electroplating, is anothessible
application. (Godinho, 2006).

The knowledge of the processes involved in the atibn and in the gasification of the biomass amdhie
combustion of the gases, as well as the state eofath of devices, equipments and techniques arérdan being
completely developed and there is space for mardiest and improvements.

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

Babhillo et al. (2004) performed experimental stgdia fluidized bed combustion of leather scrape HIEN and
NH; concentrations were measured in the reactor awteatithe 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.

Godinho et al. (2006) presented an experimentdysiseof a semi-pilot plant for the processing abtiwear leather
wastes. The objective of the work was to evaluat pierformance of the plant. The unit comprisedratifed
downdraft gasifier, an oxidation reactor and arpaitution control system (APC). The results ob¢ainn 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 significantigipation 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 leathestergbiomass) represents an alternate source dopribduction of
electric energy. In another work, Shin et al. (200&sents an investigation about the combusti@anacteristics of gas
fuel in a pyrolysis-melting incinerator. The stugiyns 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, @CO and NQ
chemical species concentration. These results gdedhat using the secondary and/or tertiary &, dombustion
performance was improved, and, in particular,,N©ncentration decreased significantly following ttertiary air
injection.

Salvador et al. (2006) presented a numerical 2Deintmd simulate the coupled equations for flow, heahsfer,
mass transfer and progress of chemical reactiorss tbermal recuperative incinerator (TRI) used xa@iae 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 flosldfi distributions of temperature, pressure andpmsitions 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 whigeat 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 stregichsg time. In
addition, the results can provide insight and pcattesponses involved in the design of an indalsRTO unit.

The present research work presents a numericallaiom study, using a commercial CFD code, apptiedhe
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 amstidl unit pilot. The main objectives are to ¥erihe global
efficiency of the burning process and to providsight and applicable information related to theigiesf this kind of
combustion chamber.

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 speagantrations and the velocity fields for gas migtuand verify
geometry features on the combustion process athatguati formation.
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The chemical reaction of the leather residual gzibn gas used at this work, that here is comsitlas composed
of methane, hydrogen and carbon monoxide, is mddateording to global equations presented on Weskband
Dryer (1981), which follow:

The methane oxidation is modeled by two globalstgjven by:

2CH ! + 022N {9 +3(052 + 376N*?) — 2CO® +4H,0%9 +115N (1)
2CO® +1(0,*? + 376N29) - 2COM* + 376N 2

The carbon monoxide oxidation is modeled by:

2C0% +1(0,*? + 376N») _ 2CO* + 376N (2)
The hydrogen oxidation is modeled by:

2H,% +0,% _, 2H,0% 3)

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

0 + NZ(ZS) _ NO® + N 4)
N a 4 Oz (32 . No(ao) + 0(16) (5)

In sub or near stoichiometric conditions, a thidation is also used
OH @7 +N L4 N No(30) +H (N] (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 simglction rate to describe the NO source by Femmeim
mechanism, which is used at this work, and the éils 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®™ + Nz(zg’ (7-b)
The HCO oxidation is modeled by

HCO® + 0750f*? - CO{* +H,0 (7-c)
And, to the reburning of NO by the Clfuel gas:

CH +4NO® _ COM* +4H,0% + 2N (7-d)

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

2.1. Mass and species conservation

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

o)
OX;

J

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

and the average density,is the spatial coordinate, atdlj is the mass-averaged velocity of fluid componient



The mass fraction of componeit is defined as{{i :,5'/15 Substituting this expressions into Eq. (8) and
modeling the turbulent scalar flows using the eddgipation assumption it follows that

9 (Z0.v)=29 #\0Y,
o (pUY )=+ [(m+8q)6x} 5 ©

where D, is the kinematic diffusivity,., 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 conservation
For the fluid flow the momentum conservation equadiare given by:
d (= .- op . 0 ou. | au
—lpU U |=—— o0+— — |+ + 10
0x, (p ' ') 0 ox, ['ue" 0x, J 0X,0X 2 (10)

J

where p, =p+p and p is the mixture dynamic viscosity ang;, is the turbulent viscosity, defined as
U, =C,pk*/&. 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 araty 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:

3 (- - 9 ) ok U, U,
—| pU k|=|— t (1)
0, (,0 J j (axj [ﬂ UKJGXJJJf[M(an 0% H poe

9 (-, a U 0w w| (ouU, U,
- U = — B S el (12)
o (,0 ij {axj [ﬂ*—anaxj}-ak{u{ax ox, H pp

where 8', [ anda are empirical constants of the turbulence modeland o, are the Prandtl numbers of the kinetic energy and
frequency, respectively.

2.4. Energy conservation

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

0 - ) & - 6Y + M oh (13)
h|=— +) oD h L +S.4 *Sea
ox; ('0 ] ) ox ([ Pr] Z X Pr OX: J

l ]

where

pa !

whereh and c, are the average enthalpy and specific heat ofrilkure. The latter is given by, = Z\?H c

c,, and Y are the specific heat and the average mass fradficthe a -th chemical speciesk is the thermal

conductivity of the mixture,Pr is the turbulent Prandtl number, a8l, and S_, represent the sources of thermal
energy due to the radiative transfer and to thenita reactions. The terrB,, can be written as:

-Z[

+ j CpadT] (14)

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
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_ s\
gas equation of state (Kuo, 1996; CFX Inc., 2004rn$, 2000), 0 = pMM(RTj , Where p is the combustion

chamber operational pressure, which is here seld@équl atm (Spalding, 1979), arldM 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 an&ha, 1974).

To consider thermal radiation exchanges insidectimabustion chamber, the Discrete Transfer Radidtlodel -
DTRM is employed (Carvalho et al., 1991), considgrihat the scattering is isotropic. The effecthd wavelength
dependence is not considered, and the gas absoguéificient is considered uniform inside the castipn chamber
and its value is 0.5 th 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 Vg

At the equations abovey is the Stefan-Boltzmann constant (5.672 £ Y&/m?K*), r is 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 incorgothé radiation emission of
the particles, for example.

-K,I(r,s)+S (15)

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, megh&ydrogen,
nitrogen, water vapor, carbon dioxide and carbonaw@e. A conservation equation is required forhesgecies, with
the exception of nitrogen. Thus, one has the coatien equation for ther -th chemical species, given by Eq. (9),

where the source ternfy, 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

o

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 Hjertagergy%r a
combination of the two formulations, the so calkethenius-Magnussen model (Eaton et al., 1999; @kX, 2004 ).
Such relations are appropriate for a wide rangappfications, 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 (16)
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 chdmigaction rates are based on the theories of xorte
dissipation in the presence of turbulence. Thusdififusive flames:

— & ?a‘
=7, MM Ap>———— (17)
Ra,k,EBU .k k [7a"k MM Y
where the inde>a” represents the reactaat that has the least value &, .., -
In the presence of premixing, a third relationtfoe Eddy Breakup model is necessary, so that
7
Ra,k,Premixing = ,7a,k MM aABp— . (18)

k an‘kwp
P



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. (17) and (18), can be applied to Hdthsive and
pre-mixed flames, or for the situation where bddimies coexist, taking the smallest rate of chenneattion.

Finally, for the Arrhenius-Magnussen model, givgnemgs. (16), (17) and (18), the rate of formatiordestruction
of the chemical species is taken as the least etveclen the values obtained from each model. ibfadlthat

Ra,k = min(Ra,k,Chemical’ Ra,k,EBU’ Ra,k,Premixed) (19)
3. FURNACE DESCRIPTION

The furnace is a model already used for experinhestit@lies and comprises four tubular segments. SEygnents
are made of refractory concrete. The first two dredfourth segments have a coaxial external tudekét) that creates
an annular region where air is preheated. The cetidyuchamber comprises the first segment of theafte, where a
mixture of primary air and fuel is injected. Thegrdary air is forced by a blower from the inletls upper region of
the second segment through the annular tube aimjeisted into the combustion chamber by means wérs¢ small
holes evenly distributed along the first segmethie Auxiliary air that enters at the lower parthef fourth segment is
preheated at the annular region, than premixed fuigh oil and injected through the two auxiliaryrbers (Fig 1)
during the startup of the plant. After the stanhgpiod, the auxiliary burners act as tertiary agders.

FLUE GAS
OUTLET
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 wioex@irs the combustion process of residual gasidicagas as
showed at Fig. 1. The entrance to furnace was derei the outlet of the domain. The discretizati@s done using
tetrahedrical volumes. Prismatic volumes were w@dtle walls in order to capture the boundary ldgdravior. Due to
computational limitations, the mesh size used hazaximately 2.8x19 elements, using mesh refinements in the
entrance region, corresponding to the first parfuofiace. The convergence criterion adopted wasRil& — Root
Mean Square of the residual values, and the valaptad was 1x1Bfor all equations.

5. BOUNDARY CONDITIONS

In order to simulate the leather residual gasificagas, a fuel compounded ot® N,, CO, HCN, CQ, H, and
CH, was used. The species concentrations attributéketduel are shown in Tab. 1. It was considered the mass
flow of this gas is 740 kg/h at inlet uniform temgieire of 800 °C. This temperature value was sasidering 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, thmestemperature of ambient air around the plant,inohass flow is
720 kg/h. The inlet air in the auxiliary burnersigpary and tertiary air) is heated in the pre-heatesegment 4, and its
mass flow is 90 kg/h for each burner. Also, it wassidered that the insulation used at the furmeadehas a thermal
conductivity of approximately 1.4 W/(#) and its density is 2300 kgfmlt was not considered at this simulation the
thermal resistance of the metallic walls.



Proceedings of ECOS 2009 22" International Conference on Efficiency, Cost, Optimization
Copyright © 2009 by ABCM Simulation and Environmental Impact of Energy Systems
August 31 — September 3, 2009, Foz do Iguagu, Parana, Brazil

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

6. RESULTS

The initial project of the furnace presented selvprablems like incomplete combustion and flamewblmut. The
last one may cause a severe failure of the pldrg.cRuse of the problem was identified as beingntipeoper position
and temperature of the air injection. The air wgiedted at room temperature along a large extensfdie first
segment of the installation, where is located thelmustion chamber. In addition the resultant lomgerature of the
mixture determined the partial combustion of thel fand consequently the presence of a large anodyullutants in
the flue gases. In order to solve the problem soewe designs were proposed, concerning the furnaoengtry and
also the secondary air injection system, primarngad fuel mixture and auxiliary burners dispositio

(a) (b)

Figure 2 — Start-up project of furnace: (a) isomsetrew; (b) transversal cross section under pratdre

The first new design (Fig. 3) removed the jackettlttd second section in order to modify the heatsfier
characteristics of secondary air. The secondarynéét was moved to the top of jacket to createoanter-flow to
enhance the heat transfer of this air. The holethfodistribution of the secondary air were evatigtributed along 2/3
of the segment length. The remaining part acts pseheater of the air (Fig. 3-a). The modificatiomproved the
efficiency of the combustion. Nevertheless, as shawFig. 3, the simulation shows that the tempeeatare still too
low and the air is not being properly preheateddifnally, the flame profile is not homogeneoudts combustion
chamber thus allowing the contact with the walld damaging them. The heterogeneous mixture ofnairfizel, due to
the curve at the inlet gives rise to the problem.

Temperature
(Plane 1)

' 1484 .2

F1188.6

- 893.0

Secondary air /V
pre-heater

F597.4 !

N (b) 1]

K] 3 7 ‘

Figure 3 — First modification of furnace: (a) isaneview; (b) temperature field in longitudinalogs section.



The second improvement proposed is related to tiaatgy and spatial distribution of the secondaryirgection
holes. They are now positioned along the firstdf/he segment length, allowing the remaining 2/8the preheating
of the air (Fig. 4). The change improves signifttathe secondary air temperature albeit the irsgeaas still not
enough. Also, due to the reduction in the numbehetholes, the velocity of the air entering thenbastion chamber is
increased, promoting a strong perturbation in tlaénmstream of gases, disturbing the developmetti@tombustion
process.

Figure 5-a shows by means of streamlines the defttaile primary and secondary air in a transveestian of the
combustion chamber (first segment). The velociydfin a longitudinal plane of the combustion chamis shown at
Fig. 5-b. The velocity values at the holes are gmed in order to emphasize their distribution

Secondary
air injectior

(b)

Figure 4 — Second modification of furnace: (a) istno view; (b) transversal cross section underhmater.

—»\V=37m/s
b —>» V=38m/s
i ~| &—»\/ =40 m/s
310 —>» Vv =42m/s
e e (1 "V =43mIs
. u: . —>»\/ =46 m/s
L ! —>»\/ =47 m/s
(a) (b)

Figure 5 — Cross section view of furnace combustitaimber: (a) streamlines; (b) velocity field.

The third modification was an extension of the pagng chamber with the inclusion of the secondread,
properly jacketed. The holes in the first segmesteamade along the whole segment thus allowingtertesr injection
distribution and also lower velocities. The spatlaposition of the furnace was also modified, idey to achieve a
better utilization of the available space.

The simulation showed that this last design presethe best combustion efficiency. The temperatofethe
secondary air were on the order of 5@ at the combustion chamber outlet region and M@t the inlet region,
inducing a homogeneous flame profile. Figure 6-@shthe temperature field at a longitudinal plafiee flame core
temperatures are of the order of 170 resulting in a more efficient combustion andslesliutants in flue gases.
Figure 6-b shows the hydrogen concentration aséime longitudinal plane.

Figures 7-a and 7-b show the resulting concentrdiild for CO and CH The results of Fig. 6-b, 7-a and 7-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 6 — (a) Temperature field; (b) Hydrogen @nication.
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Figure 7 — (a) Carbon monoxide concentration; (leffdne concentration.

The concentration field of HCN and NQ@hermal + prompt + fuel) were presented at Fig. &1d 8-b. The higher
carbon dioxide concentrations are also at segmeas Expected. In the next segments the combuptimiucts are
diluted with the secondary and tertiary air. Figp &hows also that there is a high rate of,N@mation along the
furnace, especially at combustion chamber down,flshere the temperature is the higher one. Indeigd,6-a shows
temperatures on the order of 1300 to 1500 K, higbugh to enhance the production of NGBy the Fennimore
mechanism. Besides, one can observe that HCN andcbl@@entrations have an inverse relation; the aunaon of
one reduces where the concentration of other eelsafitie high level of excess air and the largeleesie time of the
flue gases in the furnace also contribute somevehte NQ production.

The last modification consisted of the reallocatafrthe two startup burners, which use kerosentiglsand after
the initial period are responsible by the tertiaiy In order to pre heat the tertiary air a jackes added to the fourth
segment of the furnace, similarly to that was alyedone at the other segments. The preheated siruged at the
auxiliary burners and also at the first processifgation) not shown in this work. Figure 1 shotlie furnace with all
the described modifications.

7. CONCLUSIONS

The proposed modifications (Fig. 1) have as reanlimproved design with better performance themititel
project (Fig. 2). The new secondary air injecti@sign (segments 1 and 2) along with the relocatiotine auxiliary
burners have a special role in the improved perémoa due to the better mixing of the main and sgagnflows, thus
allowing a better air distribution in the chamber.

Contrasting the temperature fields for initial dimthl design (Fig. 3-b and 6-a respectively) one sae that the
alteration introduced in the secondary air predreahproves substantially the efficiency of the gasning process,
with higher gas temperatures inside the chambez.Higlher temperatures along the furnace allowednstallation of
the air preheater at the segment 4, in order togatethe primary and tertiary air, leading to asoimprovement of the



combustion process. Additionally this second predregenerates a supplementary quantity of air éoghsification
process, thus enhancing the global efficiency &f phant. Another important conclusion is that theedience to
CONAMA, the Brazilian Counsel of Environment, detémations for CO limits, which determines a higHueaof
excess air, enhances significantly the,Nd@duction.

HCN.Mass Fra
(Contour 1)
1.0e-003

NO.Mass Fractjol
(Contour 1)
2.8e-004

8.9e-004
2.5e-004

7.8e-004
2.2e-004

6.7e-004
1.9e-004

5.6e-004
1.6e-004
4.5e-004
1.2e-004

3.3e-004
9.3e-005

2.2e-004
6.2e-005

1.1e-004
3.1e-005

0.0e+000
0.0e+000

(a) (b)

Figure 8 — (a) HCN concentration; (b) NOx concetitra
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