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Abstract. The state of the art in computational fluid dynamics and the availability of commercial codes encourage
numerical studies of combustion processes. In the present work the commercial software CFX © Ansys Europe Ltd.
has been used to study the combustion of pulverized coal into the boiler of a thermal power plant. The objective of this
work is to obtain new information for process optimization. Different kinds of manufactured coals were numerically
tested in a thermal power plant installed at the southest region of Brazil. The simulations were made using the actual
burning conditions of the boiler. Results include the residence time of the fuel into the combustion chamber,
temperature fields, flow fluid mechanics, heat transfer and pollutant formation, as well as the CO and NOx
concentrations, aiming to determinate the best conditions to burn the investigated coals. The numerical investigation of
the phenomena involved on the coal combustion processes are used to complete the experimental information obtained
in operational tests. Considering the characteristics of different kinds of manufactured coals used, with this study is
possible to achieve the most efficient boiler operation parameters, with decreasing costs of electricity production and
reduction of environmentaly harmfull emissons. It was verified that the different kinds of manufactured coals demand
different operation conditions, and the kind of manufactured coal used on the combustion process has a significant
effect on the pollutant formation, minly in relaction with ash concentration.

Keywords: Computational fluid dynamic, thermal power plant, Brazilian coal combustion.
1. INTRODUCTION

In recent years, the interest on performance optimization of large utility boilers has become very relevant, aiming at
extending their lifetime, increase the thermal efficiency and reduce the pollutant emissions, particularly the NOx
emissions. However, the efficient and clean utilization of this fuel is a major problem in combustion processes. In
Brazil, which are used mainly for electricity production in large utility boilers, the coal reserves are enough to meet the
next 1,109 years demand, considering the consumption levels of 2006 (EIA/U.S. Department of Energy, 2009).

An efficient operation of combustion chambers of these boilers depends on the proper knowledge of the oxidation
reactions and heat transfer between the combustion products and the chamber walls and heat exchangers, which
requires a detailed analysis of the governing mechanisms. Many combustion modeling methodologies are now
available, but only a few are able to deal with the process in its entirety. Eaton et al. (1999) present a revision of
combustion models. The models are generally based on the fundamental conservation equations of mass, energy,
chemical species and momentum, while the closure problem is solved by turbulence models such as the k-& (Launder
and Sharma, 1974), combustion models like Arrhenius (Kuo, 1996; Turns, 2000), Magnussen - EBU - “Eddy Breakup”
(Magnussen and Hjertager, 1976), radiative transfer models based on the Radiative Transfer Equation - RTE (Carvalho
et al., 1991) and models to devolatilisation and combustion of solid and liquid fuels. Li et al. (2003) numerically
investigated the combustion process using only a two-fluid model (instead of the Eulerian gas - Lagrangian particle
models) for simulating tree-dimensional turbulent reactive flows and coal combustion. To improve the simulation of the
flow field and NOx formation, a modified k —& -k, two-phase turbulence model and a second-order-moment (SOM)

reactive rate model were proposed. The results indicate that a pulverized coal concentrator installed in the primary air
tube of the burner has a strong effect on the coal combustion and NOx formation.

In a numerical investigation, Kurose et al. (2004) employed a tree-dimensional simulation to the pulverized coal
combustion field in a furnace equipped whit a low-NOXx burner, called Cl-¢, to investigate in details the combustion
processes. The validities of available NOx formation and reduction models were investigated too. The results show that
a recirculation flow is formed in high-gas-temperature region near the Cl-a burner outlet, and this lengthens the
residence time of coal particles in this high-gas-temperature region, promotes the evolution of volatile matter and the
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process of char reaction, and produces an extremely low-O2 region for effective NO reduction. Zhang et al. (2005)
presented a numerical investigation on the coal combustion process using an algebraic unified second-order moment
(AUSM) turbulence-chemistry model to calculate the effect of particle temperature fluctuation on char combustion. The
AUSM model was used to simulate gas-particles flows in coal combustion including sub-models as the k —& -k, two-

phase turbulence model, the EBU-Arrhenius volatile and CO combustion model, and the six-flux radiation model. The
simulation results indicate that the AUSM char combustion model presented good result, since the later totally
eliminates the influence of particle temperature fluctuation on char combustion rate.

Bosoaga et al. (2006) presented a study developing a CFD model for the combustion of low-grade lignite and to
characterize the combustion process in the test furnace, including the influence of the geometry of burner and furnace.
A number of computations were made in order to predict the effect of coal particle size, the moisture content of lignite,
and the influence of combustion temperature and operation of the support methane flame on the furnace performance
and emissions. It was found that the increase of moisture tends to reduce NOXx, and the methane support flame greatly
increases NOXx. In another work, Backreedy et al. (2006) presented a numerical and experimental investigation of the
coal combustion process to predict the combustion process of pulverized coal in a 1 MW test furnace. The furnace
contains a triple-staged low-NOx swirl burner. A number of simulations were made using several coal types in order to
calculate NOx and the unburned carbon-in-ash, the later being a sensitive test for the accuracy of the char combustion
model. The NOx modelling incorporates fuel-NO, thermal, and prompt mechanisms to predict the NO formation on the
combustion processes.

Kumar and Sahur (2007) studied the effect of the tilt angle of the burners in a tangentially fired 210 MWe boiler,
using commercial code FLUENT. They showed the influence of the tilt angle in the residence time of the coal particles
and consequently in the temperature profiles along the boiler. Follow in the same line, Asotani et al. (2008), also using
the code FLUENT, studied the ignition behavior of pulverized coal clouds in a 40 MW commercial tangentially fired
boiler. The results for unburned carbon in ash and for outlet temperature were validated respectively by the operating
data and by the design parameter. A qualitative comparison between the results for temperature and ignition behavior in
the vicinity of the burners was made, using the images of a high temperature resistant video camera system. At the
similar work Choi and Kim (2009), also using the code FLUENT, investigated numerically the characteristics of flow,
combustion and NOx emissions in a 500 MWe tangentially fired pulverized-coal boiler. They showed that the relation
among temperature, O, mass fraction and CO, mass fraction has been clearly demonstrated based on the calculated
distributions, and the predicted results have show that the NOx formation in the boiler highly depend on the combustion
process as well as the temperature and species concentration. Recently, Silva et al. (2010) studied, using the commercial
code CFX (Ansys Inc., 2004), a behavior of pulverized coal combustion in a 160 MWe commercial tangentially fired
boiler erected in the core of the Brazilian coal reserves region, with the objective of simulating the operation conditions
and identifying inefficiency factors. The results of simulations indicates that this software is perfectly capable to solve
this kind of problem and it is possible obtain good agreement between the experimental and simulations data, to become
an important tools to predict different situations of boiler operation and even so to be used for design of this equipment.

In the present work the commercial CFD code CFX © Ansys Europe Ltd. was used to study the pulverized-coal
combustion process in a 15 MWe thermal power plant, with the objective of simulating the boiler operation conditions
using two different kinds of benefited coal, one available in Brazil, the CE3100, and other available in USA, that has a
higher energetic value and lower quantities of ash, both for use in generating electricity in thermal power plants, aim to
identify possible operation problems and try to obtain data about the pollutants formations, temperature and
concentrations fields for each benefited coal used, indicating the best option of the benefited coal to be used. The same
thermal power will be used for all cases for comparisons questions.

2. MATHEMATICAL FORMULATION

A steady-state combustion of raw coal in air for a boiler combustion chamber is considered in order to determine
the temperature, chemical species concentrations and the velocity fields for multi-component-flow (gas mixture and raw
coal particles), as well as to study the influence of the operational parameters, such as heterogeneous condition for fuel
and air flow in the chamber, on the combustion process and NO, formation. The complete chemical reaction of the raw
coal used at this work, including two devolatilisation processes, is modeled according to the basic scheme showed in
Fig. 1. As basic assumptions, it is considered that the mass fractions of volatiles are 0.3636 of methane and 0.6364 of
carbon monoxide, and that the combustion processes of these volatiles occur at finite rates. The methane oxidation is
modeled by two global steps, given by:

2CH® +0.22N® +3(0{? +3.76N*) - 2CO® +4H,0"® +11.5N{*® )
2C0™ 1+1(0,? +3.76N ™) — 2CO* +3.76N
where the carbon monoxide oxidation is modeled by the second reaction above.
The hydrogen oxidation is modeled by:
2H,? +0,%? —2H,0" @)
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The formation of NO, is modeled by Zeldovich mechanisms using two different paths, the thermal-NO and the
prompt-NO, where the first, that is predominant at temperatures above 1800 K, is given by tree-step chemical reaction
mechanisms:

0 +N,* — NO® + N® ®)
2

N® +0,” — NO® +0% )
2

In sub or near stoichiometric conditions, a third reaction is also used

OH® +N® 5 NO®? + H® (5)

where the chemical reaction rates are predicted by combined Eddy Breakup - Arrhenius model.

The prompt-NO is formed at temperatures lower than 1800 K, where radicals can react rapidly with molecular
nitrogen to form HCN, which may be oxidized to NO under flame conditions. The complete mechanism is not
straightforward. However, De Soete proposed a single reaction rate to describe the NO source by Fennimore
mechanism, which is used at this work, and the combined Eddy Breakup - Arrhenius model are used for predict this
chemical reaction rate. At this way, the HCN oxidation to form NO is modeled by:

HCN® +0{ — HCO® + NO®” (6)
The HCN oxidation to consume the NO is

HCN @ + NO® — HCO® + N{® )
The HCO oxidation is modeled by

HCO® +0.7508? — COM* +H,0% ®)
And, to the reburn of NO by the CH, fuel gas:

CH® +4NO®™ — CO™ +4H,0 12N ©)

Scalar transport equations are solved for velocity, pressure, temperature and chemical species. The bulk motion of
the fluid is modeled using single velocity, pressure, temperature, chemical species and turbulence fields (CFX Inc.,
2004).

2.1. Mass and species conservation

Each component has its own Reynolds-Averaged equation for mass conservation which, considering
incompressible and stationary flow can be written in tensor notation as:

M:a ~[o.._o.j: wu o les (10)
ax, o |\ TAEE T

] j

where L]j - Z(Pu U i j/; p and ; are the mass-average density of fluid component i in the mixture and average

density, respectively, xis the spatial coordinate, U is the vector of velocity and UIJ is the mass-averaged velocity of

fluid component i . The term /; (U ij_l:] jj represents the relative mass flow, and S, is the source term for component i

which includes the effects of chemical reactions. Note that if all the equations represented by Eq. (10) are added over all
components, and the source term is set to zero, the result is the standard continuity equation.

The relative mass flow term accounts for differential motion of the individual components. At this work, this term
is modeled for the relative motion of the mixture components and the primary effect is that of concentration gradient.
Therefore,

Pi(Uij—Ujj=pTDi% (1)
p X

where D, is the kinetic diffusivity. The mass fraction of component i is defined as{(i :P./; Substituting this
expressions into Eq. (9) and modeling the turbulent scalar flows using the eddy dissipation assumption it follows that
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a(pUJYlj:a pDi+i a 1 +Si (12)
OX; OX; Sc, ) 0X;

where , is the turbulent viscosity and Sc, is the turbulent Schmidt number. Note that the sum of component mass
fractions over all components is equal to one.

2.2. Momentum conservation
For the fluid flow the momentum conservation equations are given by:
a(pljiljj):_ap 5+i ;ueff& +87U+§U (13)
0X; 0X; 0X; OX; | OX;0X

] ] ]

where u, =up+u, and pis the mixture dynamic viscosity and g, is the turbulent viscosity, defined as
u,=C,p k*/s. The term p’ = p—(2/3)k is the modified pressure, C, is an empirical constant of the turbulence

model and equal to 0.09, B is the time-averaged pressure of the gaseous mixture, and & is the Kronecker delta

function. s is the source term, introduced to model the buoyancy and drag force due to the transportation particles, and
other mathematical terms due to turbulence models. The Boussinesq model is used to represent the buoyancy force due
to density variations. The k-@ model are used to provide the turbulence on the flow (Menter, 1994).

2.3. Energy conservation

Considering the transport of energy due to the diffusion of each chemical species, the energy equation can be
written as

_ o~ - b Ne - / b _ _
a(pujhjza [Kjgxh-i-ZpDihi aYI -|-iﬂ + Srad + Srea (14)

OX; oX:|lc " oX; Pr, ox

j j p j [ j t j

where h and c, are the average enthalpy and specific heat of the mixture. The latter is given by C, = ZY; Co where

C,. and Y are the specific heat and the average mass fraction of the ¢ -th chemical species, xis the thermal

conductivity of the mixture, Pr, is the turbulent Prandtl number, and Srad aNd Spea represent the sources of thermal
energy due to the radiative transfer and to the chemical reactions. The term Srea Can be written as:

_ h° T ~
Sreazz Ml\;a «J‘Cp,adT Ra (15)

Tref

where T is the average temperature of the mixture, h’ and Tw. are the formation enthalpy and the reference
temperature of the « -th chemical species. To complete the model, the density of mixture can be obtained from the ideal

N1
gas state equation (Kuo, 1996; Turns, 2000), p = pMM(ﬁTj , where p is the combustion chamber operational

pressure, which is here set equal to 1 atm, and MM is the mixture molecular mass. The aforementioned equations are
valid only in the turbulent core, where x, >> i . Close to the wall, the logarithmic law of the wall is used.

To consider thermal radiation exchanges inside the combustion chamber, the Discrete Transfer Radiation Model -
DTRM is employed (Carvalho et al., 1991), considering that the scattering is isotropic. The effect of the wavelength
dependence is not considered, and the gas absorption coefficient is considered uniform inside the combustion chamber
and its value is 0.5 m™. The radiative properties required for an entrained particle phase are the absorption coefficients
and scattering phase function, which depend on the particle concentration, size distribution, and effective complex
refractive indices. However, optical properties of coal are not well characterized (Eaton et al., 1999). Generally, as a
starting point to arrive at a tractable method for calculating radiative properties, the particles are assumed to be spherical
and homogeneous. At this work, the heat transfer from gas mixture to particle considers that the particles are opaque
bodies with emissivity equal to one, and the Hanz-Marshall correlation is used to model the heat transfer coupling
between the gas mixture flow and the particles (CFX Inc., 2004). In fact, heat transfer to the walls in a utility boiler is
mainly due to radiation and the convective heat transfer has only a minor contribution (Xu et al., 2000). Conversely,
heat transfer in the tube banks, which were simulated as porous media, was modeled by means of volumetric sink
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coefficients representing the total amount of thermal energy transferred to working fluid inside the tubes of each bank.
The pressure losses due to the tube banks were also modeled assigning quadratic directional loss coefficients to the
porous media, computed from the tube bank geometry data (Knudsen et al., 1958).

2.4. The E-A (Eddy Breakup — Arrhenius) chemical reactions model

The reduced chemical reactions model employed in this work assumes finite rate reactions and a steady state
turbulent process to volatiles combustion. In addition, it is considered that the combined pre-mixed and non-premixed
oxidation occurs in two global chemical reaction steps, and involving only nine species: O,, CH,;, N,, H,O, CO,, CO,
NOx, HCN and HCO. A conservation equation is required for each species but nitrogen. Thus, one has the conservation
equation for the « -th chemical species, given by Eq. (12), where the source term, S,, considers the average volumetric

rate of formation or destruction of the « -th chemical species at all chemical reactions. This term is computed from the
summation of the volumetric rates of formation or destruction in all the k -th equations where the « -th species is

present, a . Thus, R_a = ZE . The rate of formation or destruction, R . , was obtained from a combined Arrhenius-
k

ak !

Magnussen model, the EBU-Arrhenius (Eaton et al., 1999). Such relations are appropriate for a wide range of
applications, for instance, laminar or turbulent chemical reactions with or without pre-mixing. Such, the rate of
formation or destruction of the chemical species is taken as the lowest one between the values obtained from each
model. It follows that Silva et al. (2007) used this formulation in this work to simulate the combustion process of
methane and air in a cylindrical chamber obtaining good results.

2.5 The coal decomposition

Pulverized coal particles are treated at this work as non-interacting spheres with internal reactions and heat transfer
and full coupling of mass, momentum and energy with the gaseous phase. The combustion of coal particles is a two
stage process: the devolatilisation of raw coal particle followed by oxidation of residual char to leave incombustible ash.
The devolatilisation was modeled with two competing reactions (see Fig. 1) in order to deal with the strong dependence
on temperature and heating rate of the bituminous coal. The two equations have different rate parameters and volatile
yields. The yield fractions for the lower temperature equation were obtained from proximate analysis and to the ones for
the higher temperature equation were given the values suggested by Li et al. (2003). The model adopted for the char
burn out computes the rate of the reaction taking into account the rate of diffusion of oxygen within the pores of the char
particle and its partial pressure at the particle surface (Kanury, 1975). Particle size plays an important role in the char
combustion process and is usually modeled by a statistical distribution like the one developed by Rosin-Rammler
(Brown, 1995), with the parameters adjusted from pulverized coal analysis.

Devolatilisation I
1 Raw Coal 2 0.61 Char + 0.39 Volatiles Char oxidation
1 Char +2.667 O, = 3.667 CO,

Devolatilisation IT

1 Raw Coal = 0.2 Char + 0.8 Volatiles Volatiles oxidation
0.3636 CH; +0.6364 CO+20, 2 1CO, +2 H,0

Figure 1. Basic scheme of the full chemical reactions of the raw coal.

2.5.1 The coal devolatilisation model

The devolatilisation of the coal is modeled using the generic Arrhenius reactions capability in two steps (Ubhayakar
et al., 1976) in which two reactions with different rate parameters and volatiles yields compete to pyrolyse the raw coal.
The first reaction dominates at lower particle temperatures and has a yield Y, lower than the yield Y, of the second
reaction which dominates at higher temperatures. As a result, the final yields of volatiles will depend on the temperature
history of the particle, and will increase with temperature, lying somewhere between Y, and Y, . In this model, the mass

fraction of the raw coal is specified as the mass fraction of volatiles (here methane and carbon monoxide, see Fig. 1)
since all this material could be converted to volatiles.

At time t, it is assumed that a coal particle consist of mass of raw coal (C,), mass of residual char (C,) after

devolatilisation has occurred, and mass of ash ( A). The rate constants k, and k, of two reactions determine the rate of
conversion of the raw coal:

ddito = _(kl +k, )Co (16)

the rate of volatiles production and the rate of char formation is, respectively, given by
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at = (Ylkl +Y,K, )Co 17
dc,

dth = ((l_Yl)kl +(1_Yz )kz )Co (18)

2.5.2 The field char oxidation model

The oxygen diffusion rate is given by kd(pg - ps), where p, is the partial pressure of oxygen in the furnace gases
far from particle boundary layer and p, is the oxygen pressure at the particle surface. The value of k, is given by

k, =D, Rp’l(Tp —T-g (2-|-ref )4j Pa 3 where R is the particle radius, T, is the particle temperature, T, is the far-field

gas temperature, p, is atmospheric pressure, D, is the dynamic diffusivity, and « is the exponent with value 0.75.

The char oxidation rate per unit area of particle surface is given by k_p,. The chemical rate coefficient is given by,
k,=A exp(_'rC /Tp), where the parameters A and T, depends on the type of coal. The overall char reaction rate of a

particle is given by (kdfl + kcil)ACOZ 47sz2 P ). and is controlled by the smallest of the two rates, k, and Kk_.
A

3. BOILER DESCRIPTION

The boiler under consideration is part of a pulverized coal (PC) power plant operating in a subcritical steam cycle.
The frontal firing combustion chamber is rectangular in shape with two lines with four burners firing from each line,
forming two large vortexes, one above and other below of jets produced in these burner lines. The evaporation process
occurs mainly in the tubes covering the boiler walls. In the top of the boiler are the superheater tube banks. The second
stage of the boiler comprises a large rectangular curved duct, the economizer tube bank and the regenerative air heater
(Ljungstrém). From there the flue gases are directed through the electrostatic precipitator to the chimney. Figure 2-a
shows the general disposition of the boiler heat exchangers.

The mesh

The domain of analysis goes -
refinaments

until here, and the pressure
measured on this region is
-400 Pa

(a)

Figure 2 — (a) General disposition of the boiler components; (b) Mesh details: General view at the walls and
refinaments.

4. NUMERICAL METHOD

The flow fields inside the boiler (velocity, temperature, concentrations, etc.) were numerically determined with the
commercial software Ansys CFX 10, based on the finite volume method (Patankar, 1980). The “power-law” scheme
was selected for evaluating the fluxes at the control volume faces. The velocity-pressure coupling was solved by the
SIMPLE algorithm (Patankar, 1980). Since the conservation equations are non-linear, relaxation factors were used.

5. MESH SETTINGS AND CONVERGENCE CRITERIA

The domain under consideration comprises the just the first stage of the boiler: the combustion chamber with the
two lines of burners and the heat exchangers on the top of the boiler, considering too the rectangular curve until the
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region entrance of economizer bank tubes. The entrance to the second stage was considered the outlet of the domain and
a pressure of -400 Pa was used. The discretization was done using tetrahedral volumes, and the grid details are depicted
in Fig. 2-b. Prismatic volumes were used at the walls in order to capture the boundary layer behavior. Due to
computational limitations, the mesh size used has approximately 2.8x10° elements, using mesh refinements into the
chamber combustion, has shown at Fig. 2-b. The convergence criterion adopted was the RMS — Root Mean Square of
the residual values, and the value adopted was 1x10™ for all equations.

6. BOUNDARY CONDITIONS

The boundary conditions were obtained from the design data set and also from the daily operation data sheets. The
operating conditions considered were the rated ones, for 15 MWe. The parameters of operations were considered for
each benefited coal as follow, as well as the chemical composition of two beneficed coals is show in Tab. 1. For booth
cases was considered the same air excess and the same thermal charge.

Case I: Benefited coal CE3100 from Brazil

Inlet: The inlet conditions are those for air and coal flows entering the domain from the burner nozzles. Total
primary and secondary combustion air and pulverized coal mass flow rates were set as 4.5 kg/s, 10.71 kg/s and 6 kg/s
respectively. Temperatures of primary air and coal, and secondary combustion air were set as 373 K and 550 K
respectively. Pulverized coal size was modeled by a probabilistic distribution and limited between 50 um and 200 pm.

Case Il: Benefited coal of Kentucky from USA

Inlet: The inlet conditions are those for air and coal flows entering the domain from the burner nozzles. Total
primary and secondary combustion air and pulverized coal mass flow rates were set as 2.99 kg/s, 6.98 kg/s and 1.04
kg/s respectively. Temperatures of primary air and coal, and secondary combustion air were set as 373 K and 550 K
respectively. Pulverized coal size was modeled by a probabilistic distribution and limited between 50 um and 200 pm.

Table 1 — Chemical composition of two beneficed coals.

Case |: Coal CE 3100 Casell: Coal JENKIN-KENTUCKY
Coal Chemical Species Dry Base Wet Base Dry Base Wet Base
Char 3321% 27,74 % 79,20 % 66,16 %
Ash 54,78 % 45,76 % 3,00 % 2,51 %
Oxygen 7,92 % 6,62 % 10,00 % 8,36 %
Hydrogen 2,34 % 1,95 % 5,70 % 4,76 %
Sulfur 1,14 % 0,95 % 0,60 % 0,50 %
Nitrogen 0,61 % 0,51 % 1,50 % 1,25 %
Humidity 0,00 % 16,47 % 0,00 % 16,47 %

For the two cases the outlet boundary condition to the flue gas was set as the mean static pressure with a value
equal to -400 Pa. The same way, the boiler walls that are covered with slanting tubes from the bottom until the top, the
wall roughness and outlet temperature were set equal to 550K, which is the saturation temperature to the pressure of
vapor into the boiler tubes. The wall emissivity was set 0.6 and all the others regions, as inlet and outlet regions, it were
considered as blackbodies. The methodology employed in the present work has been tested and validated in Silva et al.
(2010), presenting good agreement. In this work, the coal sulfur was considered inert on the combustion processes.
Following the work, will be implemented a chemical reaction for this chemical species.

7. RESULTS

Here the simulation results were analyzed and compared for booth cases. The main available parameters were the
temperature and mass fraction of some chemical species, as well as the trajectories of the coal particles into the outlet.
As mentioned, two cases were evaluated. Figures 3 and 5 show the temperature field and the mass fraction field of CO
and of O, for a vertical plane into the boiler. This plane is situated under one of burner lines. It is possible to verify in
Fig. 3 that the ranges of temperature in this plane into the boiler are similar for booth cases, and are too physically
coherent. As was applied the same thermal load for booth cases, and the USA coal has a higher energetic value, the
mass flow of the fuel and the air are lower than for the Brazilian coal (here, CE3100), and, as a consequence, the inlet
velocities are too lower for the USA coal, altering the inlet jets configurations. Such, for the USA coal the residence
time of the raw coal particle on the flame zone is higher, being better to burner the coal particles, as show the Figs. 6
and 7, when you look the mass fraction of the char on the particle of coal. Observe that, for the CE3100 remains a large
amount of carbon in the coal particles along the particles trajectories into the chamber, showing that the operation
conditions adopted for this kind of coal is not so efficient.

Observe too in Fig. 4 that the CO, one devolatilisation product of the coal, for the CE3100 is more concentrated
when it is close to the wall opposite entrance jets, indicating that the velocities really are not so appropriated for this
coal, making one vary long flame, not appropriated for this kind of chamber. The same was observed to the CH, mass
fraction, the other product of devolatilisation of coal. In Fig. 5 is possible to see a large difference between the cases.
Although the thermal load be the same for two cases, air and coal mass flow are not, hence the conditions of the coal
combustion are too not. The rates of chemical reactions are different for two cases. For the other planes there is the
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same comportment, and the reactions indicated in Eq. (8) acts to consume the O, remnant, and not consumed in the
combustion of volatile on the flame zone.

Temperature T t i
Plane 1) emperature \J \JSYS

(Plane 1}

' 1.637+003 ; ' 1.685+003 /_____
1.321e+003 1.357e+003 pR—

r 1.00424003 1.029e+003

r 687824002 r 7.009e+002

3.713e+002 I 3.729e+002

[K] K]

(a) a 10.000 zn.‘oou (m) (b)

5.000 15.000

Figure 3 - Temperature field for a vertical plane into the boiler: (a) CE3100; (b) JENKIN-KENTUCKY.
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8.987e-002 3.390e-002

5.991e-002 [ 2.260e-002

- 2.396e-002 F1.130e-002 7
e

I I ’

0.000e+000 0.000e+000

0 10.000 20.000 (m)
(a) 5.000 15.000 : (b)
Figure 4 - CO mass fraction for a vertical plane into the boiler: (a) CE3100; (b) JENKIN-KENTUCKY.
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Figure 5 - Oxygen mass fraction for a vertical plane into the boiler: (a) CE3100; (b) JENKIN-KENTUCKY.

Figure 6 shows the trajectories lines for some particles of coal as a function of char, ash and raw coal to the
particles of CE3100 coal, while the Fig. 7 shows the same case to the JENKIN-KENTUCKY coal. Evaluated the Figs. 6
and 7 you can see that there is a large difference between the booth cases, mainly for the coal ash mass fraction and the
coal char mass fraction. For the CE3100 there is a large amount of particles that have not burned into the flame zone,
indicated that there is large quantities of coal in flay ash, again indicated that this operation condition for the CE3100 is
not the best, resulting in inefficiencies at combustion process. Thus, it is confirmed that the amount of ash in Brazilian
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coal really becomes a big problem for operation of the boiler, indicating that prior treatment of coal to remove the
ashes, really can be an alternative to improve the performance of this equipment for this type of coal, which in this case,
was not built for operating with Brazilian coal.

INNISYS
Coal. Ash . Mass Fraction Coal. Char. Mass Fraction Coal.Raw Coal.Mass Fraction
(Particle Track 1) [ R VR (Particle Track 1) R SRR (Particle Track 1) ——
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Figure 6 - Trajectories lines for some particles of coal as a function of char, ash and raw coal to CE3100.
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Figure 7 - Trajectories lines for some particles of coal as a function of char, ash and raw coal to JENKIN-
KENTUCKY.

The Tab. 2 shows the average mass fraction of the chemical species in the outlet flue gases on the outlet region.
Due to the larges concentration of nitrogen in USA coal (see Tab. 1), as the result, there is too a large quantities of NOx
formation on the combustion process. Notice that the oxygen is almost completely consumed, for the conditions
studied, for the CE3100. When observed globally the fractions of HCO, CH,4 and O, into the boiler, and remembering
of Eqg. (8), you can see that oxygen react with HCO to form H,O and CO,, and it is occurs mainly on the top steam
generator and above of the inlet jets, under the flow recirculation region. As for USA coal, the velocities of the inlet jets
are lower, the oxygen is consumed to oxidize the volatiles and the char under the flame zone, leaving a small quantity
of this chemical species to react with the others elements in the upstream regions of the flow.

Table 2 — Average mass fraction of the chemical species at the outlet flue gases.

Coal CE 3100 Coal JENKIN-KENTUCKY
Absolute value Relative Absolute value Relative
Temperature 712.8K - 714.3K -
Cco 0.0033 [kg/kg] 0.33 % 1.47x10°[kg/kg] | 1.47 ppm
CO, 0.2571 [kg/kg] 25.7 % 0.2250 [kg/kg] | 22.5 %
CH, 0.0016 [kg/kg] 0.15 % 2.40x10° [kg/kg] | 0.024 ppm
H,0 0.0591 [kg/kg] 5.9% 0.0380 [kg/kg] 3.8%
N, 0.6804 [kg/kg] 68 % 0.7001 [kg/kg] 70 %
NOX 1.12x10° [ka/kg] | 1.12x10° ppm 4.94x10° [kg/kg] | 4.94 ppm
[ ~0 [ka/kg] ~0 % 0.0360 [kg/kg] 3.6%
HCN 3.4x107 [kg/kg] 0.034 % 4x10”* [kg/kg] 0.04 %
HCO 4.47x10° [kg/kg] | 4.47x10° ppm 5.6x10™ [kg/kg] | 5.6x10°ppm
Total 1 [ka/kg] 100 % 1 [ka/kg] 100 %
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8. CONCLUSIONS

Based on the study realized on this work, the main conclusion is that the boiler operation condition for the CE3100
is not the best, resulting in inefficiencies at combustion process, confirming that the amount of ash in Brazilian coal
really becomes a problem to the boiler operation, indicating that a prior treatment of coal to remove the ashes really can
be an alternative to improve the performance of this equipment for the use of this type of coal, which in this case, was
not built for Brazilian coal.
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