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The increasing availability of high performance guadallel computer environments has stimulatedidspidies
of complex reactor systems in chemical engineerldging computational fluid dynamics approach, bette
description and comprehension of the most imporfahénomena taking place in the system can be
accomplished, resulting in more efficient reactod @rocess design. Fluidized bed is a relevanesy@t many
applications in process industries. Fluidized beahloustors are important alternatives to conventionas, due
to the fact that they promote large contact ardads®n gas and solids and intense gas mixing thiautgtine
bed, leading to cleaner burning and less pollutantssion, because the relatively low operatingptenattures
and isothermal profiles. In this work, computatibfhaid dynamics simulation of a natural gas fedidized bed
was carried out. The simulated reactor bed was osep by inert particles (sand) with 3p. A two-stage
kinetics model for methane combustion was usedudidhgas, the cleanest fossil fuel, was used irstimeilated
fluidized bed combustor, minimizing pollutant eniigs even more. Dynamic simulations were develogitial
disturbances imposed into process input varialflee. behavior of the simulated combustor was andlyaad
then compared to experimental data from literature.

CFD, natural gas, fluidized bed, fluid dynamics

1. INTRODUCTION

The increasing production and availability of natugas in several parts of the world are creatietieb
conditions and opportunities for the use and demaknt of new technologies and applications for its
consumption. Among the possible applications, it getached the use of fluidized bed combustors in
substitution to conventional ones. In the lastrgea lot of research and investments have beere imathis
technology, due to the increase of the environmestrictions and constraints about the emissiopafifitants
and consequent need for cleaner alternative teopissl.

Fluidized bed systems present interesting thermmdgaties for its application as combustors. Targe contact
area between gas and solids promotes high ratesesfly generation during the solid fuel burning ¢Ki986)
and very efficient thermal energy exchange betwgas and solid particles. The Fluidized Bed Combusto
(FBC) has diverse applications: generation ofrttarenergy, regeneration of catalysts, CO2 prodndti large
scale for other process feeding purposes, foodegsieg, treatment of solid residues (drying, ovelihg,
calcination and incineration), among others. Tdigstment of the flows of air and fuel gas allows tontrol of
the working temperature in relatively low level§08900°C (Pre et al, 1998). In such low tempeesyuthe
emissions of NOx are small, which represent an mand advantage of the fluidized bed system oveerot
conventional combustors. Natural gas is yet aivet clean fuel when compared with common liquigls; in
fact, it is the cleanest fossil fuel. The choicenafural gas as fuel in a fluidized bed combustmtributes even
more for low formation of pollutants. With all treesharacteristics combined, the development ofabienology

of natural gas fluidized bed combustors assurest @mevironment and economic importance.

In this work, a natural gas fluidized bed combusianulation is carried out using computationaldidiynamics
approach thought MFIX, a multiphase CFD code depedicat the U.S. Department of Energy - Nationalr§ne
Technology Laboratory (NETL) (Syamlal et al., 1993)

2. KINETIC MODEL
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A natural gas combustion kinetic model can easitgmd to more than 150 elementary equations. Homveve
when simulating dynamics of combustors and reactosimpler mechanism approach is often desirable,
because its much better computational performa@onsidering a global two stage kinetic model, thethane
combustion can be expressed by the following mashan

CH, +20, =CO+2H,0
2

co+1o,=co,
2

Dryer and Glassman (1973) considered a model ofstages for the oxidation of the methane in a ceasith
turbulent flow and obtained the following kinetete expressions:

RCH4 - 1013e(—49600/ RT) [CH 4] 0.7[02] 08 (1)

RCOZ = 101435 e(—45200/ RT) [CO][ H 20] 0.5[02] 025 (2)

This two stages model allows that the CO and C@#les along the bed be obtained, estimating thdinear
behavior of the two steps global reaction.

3. CFD MODEL

A fluidized bed computational model was developagdal on the fluidized bed described by Pre e188g)

using the Multiphase Flow with Interphase eXchan{d&1X) code. The simulated reactor consisted of a

180mm diameter and 800mm pipe with a perforateteplastributor with 1.8% porosity (free area). Savith

350 um average diameter and 1400 kg/m3 specific massused as solid phase. A mesh grid of 18x50 points
was considered for a 2D Cartesian coordinates sitonl Axial symmetry was considered. The bed was
assumed to be isothermal and operating at 900 tém@@al reaction, momentum and mass balances were

considered using the following general equatioryadal et al, 1993):
3.1 Momentum balances

Momentum balance for gas-phase:

9 = Mo

E(Egpgvg)-"mmggpgvgvg):D[Sg+£gpgg_z;|gm+ fg )
m=

Momentum balance for solid-phase:

0 _ I == - & -
ot EnPanVan) + DHEmPananVan) = 0 By + Exnfn + g =2 (4)
=1
I£m
3.1 Mass balances
Continuity equation for the gas-phase:
9 B
o EaPa) ¥ DT L%,) =2 Ry, (5)
n=

Continuity equation for the solid-phase:
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0 _ i
a(gsnpsn) +U mgsnpsnvsn) = z Rsmn (6)
n=1
Species conservation equations (CH4, 02, CO, CQR,H2):

0 _
ot EoPoXan) ¥ OUEPXT,) = R,, ™

0 ~
a(gsmpsnxsmn) +[ |1é’srnpsmXsmnvsm) = Rsm (8)

The resulting partial differential equations systeras solved through the finite volume techniquee Th
convective flux discretization uses Superbee method the iterative algorithm is a modified extensif
SIMPLE (Syamlal, 1998).

4, RESULTSAND DISCUSSION
4.1 Simulation

The sand used as inert solid is recognized aswpdBosolid of Geldart classification. Under thisddion,
classical fluidization theory predicts 10cm diamegas bubbles, fast ascending gas velocity in tasbhd a
slower one in the emulsion phase. These charattsnigere observed in the simulation results teopeding to
Figure 1. In Figure 1.a, a snapshot of bed voidtiva distribution is represented. Figure 1.b shawsxial gas
velocity profile with scalable gas velocity vectoithistrating gas recirculation and dispersionpdmena. From
Figure 1-b, it is possible to observe higher gakoaites in bubbles than in emulsion (larger vesjoand
counter-current streams in the emulsion phase. gdssflow pattern promotes intense mixing and teatpee
homogenization along the dense phase of the bethqting an isothermal profile in a real bed.

t=2.8299s

Figure 1 - a) Void Fraction profile b) Axial gaslweity profile
In Figure 2, the dynamic oscillatory behavior of ftuidized bed for the carbon monoxide compondet @

step in methane feed is shown. The oscillation @ug®s are related to bubble sizes and positios gas
circulations patterns at each time sample.
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4.2 Experimental Validation

Steady state simulation results were compared t@ flam literature (Pre et al., 1998). Average ealwf
component molar fraction profile were calculate@moa range of five seconds in dynamic simulaticults and
are compared to experimental data in Figure 3.

The results obtained by simulation presented fast&thane kinetics at the entrance of the reactas dan
be attributed to the isothermal assumption of gasperature along the reactor and to the limitatiohthe
simplified kinetic mechanism adopted. Brien et(2003) point out that the present uncertaintyhia kinetics
law is a known source of errors in simulation of tombustion of the natural gas. It is expected better
results can be obtained with a better kinetic lad tarough a non isothermal simulation.

0,0006 T T T T T T

0,55 —w—
1.0z —e—
1,5 ——

0,008 | L B 2,05 —a—

0,0004

0,0003

0,0002

0,0001

0

0 10 20 30 40 50 60 70 .80
Figure 2 - Carbon Monoxide dynamic response prafiter step in methane feed
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Figure 3 — Components molar fraction profiles

5. CONCLUSIONS
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Despite of the simplifications assumed (isotherb®d, relatively small mesh grid and two stages areth
combustion kinetics mechanism), simulation reswkse able to produce good predictions, both qublély
and quantitatively for the fluidized bed. This shothe suitability of the proposed approach.

In this work, sand was used as inert particle whgla cheaper alternative to limestone. Howeveg, th
limestone has an interesting property of sulfuloggison that can be explored in future simulatioorke.
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