TECHNI CAL PROGRESS REPORT NO. 16

| NVESTI GATI ON OF HEAT TRANSFER
AND COMBUSTI ON | N THE ADVANCED
FLUI DI ZED BED COMBUSTOR ( FBC)

TO

U. S. DEPARTMENT OF ENERGY
FEDERAL ENERGY TECHNOLOGY CENTER
P. 0. BOX 10940, MS 921-118
Pl TTSBURGH, PA 15236-0940
FOR

PROJECT NO.: DE-FG&22-93Mr93006

BY
DR. SEONG W LEE, PRI NCI PAL | NVESTI GATOR
MORGAN STATE UNI VERSI TY
SCHOOL OF ENG NEERI NG

BALTI MORE, MD 21239
(PHONE) 410- 319- 3137

OCTOBER 1997



ABSTRACT

This technical report summarizes the research conducted and

progress achi eved during the period fromJuly 1, 1997 to Septenber 30, 1997.

In order to conduct the numerical nodeling/sinmulation on the advanced
swirling fluidized bed conbustor (hot nodel), the basic governing equations are
formul at ed based upon the continuity and nonentum equati ons, and energy equations
in the cylindrical coordinates. The chem cal reaction and radiation heat transfer
were considered in this nodeling/simulation work. The chenical reaction and the
di ffusion due to concentration gradients and thermal effects are also included in
t he nodeling for sinulation

The flow system was configured in 3-D cylindrical coordinates with the
uni form nesh grids. The calculation grid was set of orthogonal |ines arranged in
the cylindrical coordinates which includes three different directions: tangentia
direction (1), radial direction (i), and vertical direction (k). There are a
total of 24192 grids in the system configuration including 14 slices of the
tangential direction (1), 24 slices of the radial direction (j), and 72 slices of
the vertical direction.

Nurmerical simulation on the advanced swirling fluidized bed conbustor is
bei ng conduct ed usi ng conputational fluid dynanmi cs (CFD) code, Fluent. This code
is | oaded onto the superconputer, CRAY J916 system of Mrgan State University.

Nunerical nodeling/simulation will be continued to determine the hot flow
patterns, velocity profiles, static pressure profiles, and tenperature profiles

in the advanced swirling fluidized conmbustor.
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SECTI ON 1

NUMERI CAL MODELI NG AND SI MULATI ON OF THE HOT COVBUSTOR MODEL
1.1 I nt roduction

Nurmeri cal nodeling/simlation of gas-particle flows, heat transfer, and
conbustion process in the fluidized bed combustor have gradually increased with
the devel opment of nodern conputers. Nunerical simulation has also been
recogni zed as a powerful tool for design verification and operational guidance for
the fluidized bed conbustors [1,2). The successful simulation work nmay
significantly reduce the efforts in the experinmental study.

The cold flow patterns in the swirling conbustor have been simulated by using
the conputational fluid dynanics code, Fluent (3], which were summarized in the
previous reports [4].

The purpose of the numerical nodeling/simnmulation on the advanced swrling
fluidized bed combustor (hot nodel) is to determine the hot flow patterns
velocity profiles, static pressure profiles, species concentration profiles, and

tenmperature profiles in the conbustor chanber.

1.2 Basi ¢ Governi ng Equati ons

The basi c governing equations for swirling, turbulent gas particle flows and
conbustion in the swirling fluidized bed conbustor can be fornul ated based upon
the continuity and nomentum equations, and energy equation in the cylindrica
coordinates. The continuity and three direction nmonmentum equations [3,4] were

i ntroduced in the cold flow nodeling/sinulation [4].



Ener gy conservation equation [5] is as foll ows;

(h)/ t + (uh)/x =_(k*(T/x))

1/ X(sum) hd + u*(p/x) +T*(u/x) +S

VWere T is the tenperature, 1 is the heat flux of species, and k is the m xture

thermal conductivity. Sh is a source termthat includes sources of enthal py due

to chem cal reaction (conmbustion reaction) and radiati on heat exchange between the

gas and the wall. The I,, is the static enthal py which is defined as:
h=E m hl
1.3 Speci es Conservati on Equati ons

The conservation of species 1 is deternined by:

1/t (M+ 1/ x(um) = 1/x(J)+S

Where m is the mass fraction of species 1, ili is the diffusive mass flux of
species 1 inthe ith direction and S, is the net rate of production of species 1
per unit volune due to the chem cal reaction

In general, the diffusive mass flux, i,i is conposed of diffusion due to
thermal effects and diffusion due to species concentrati on and pressure gradients.
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1.4 Radi ati on Heat Transfer Mde

The chemical reaction and the radiation heat transfer were
al so considered in this nodeling/sinmnmulation. The chem cal reaction and the
di ffusion due to concentration gradients and thermal effects are included. Two
radi ati on nmodel s are-available in CFD code, Fluent including the D screte Transfer
Radi ati on Mbdel (DTRM) and the P-1 Radi ation Mddel (3]. The DTRM for prediction
of surface-to-surface radiation heat transfer with or without a participating
medi um were enpl oyed i n our nodeling/sinulation

In this nodel, the sinplest case of a constant absorption coefficient is
determ ned by the local concentrations of C02 and H20 species in the gas phase.
The change in radiation intensity, DI along with a path ds is defined by:

dl /ds=-al + aoT"4/ 3. 14

VWere a = absorption coefficient (1/m

St ef an- Bol t zmann constant (W nR2. K 4)
gas tenperature (K)

a
T

The radi ation intensity approaching a point on a conbustor wall surface is
integrated to yield the incident radiation heat f |lux grad as:
g(rad)= (1 -'E.)Id +ET
Where T,, is the surface tenperature at a point P on the surface and e is the

em ssivity of combustor wall.



SECTI ON 2
FLOW SYSTEM CONFI GURATI ON FOR NUMERI CAL SI MULATI ON
2.1 Fl ow System Configuration and Gid System

The swirling hot flow in the conmbustion chanber is a axially-symetric 3-D
turbul ent flow probleminvol ving chem cal (conbustion) reaction and radi ati on heat
transfer. The system was configured in 3-D cylindrical coordinates with the
uni form mesh grids. The conputational cells and boundaries for the cal cul ation
domain are shown in Figure 1

There are a total of 24192 grids in the system configuration including 14
slices of the tangential direction (1), 24 slices of the radial direction (J), and
72 slices of the vertical direction. Figure 2 shows the top view of conputational
domai n in the combustor.

A typical slices in radial direction, I = 1 indicates the increased grid
sizes in the radial direction as shown in Figure 3. it is seen in Figure 3 that
a variable grid systemwith 1.5 increnments of non-uniform spacings in tangentia
direction and 2 increments of non-uniform spacing in radial direction. Thi s
arrangenment was to inprove the overall accuracy of conputation while still keeping
the total number of grids, and the conmputer time and storage at reasonably |ow
| evel s.

The conbustor chamber has the height of 73 cm the inner dianeter of 14 cm
the outer dianeter of 17.6 cm Two sets of secondary air nozzles are installed
on the conmbustor wall at two different levels of the height; 22.2 cm height for
bott om nozzl es and 41.6 cm height for top nozzles, respectively. Each nozzle is
separated at 90 degrees around the conmbustor wall. The secondary air is injected
into the conbustor chanmber fromthe nozzles with 45 degree of yam angle and zero
degree of pitch angle.

A pressure gradient is expected to show in the across the cyclic planes at



| =O degree and |1 =90 degrees under the swirling flowin Figure 3. Ainitial mass
flow rate across the boundaries will be provided and identified in the sinulation
process. The center line (or axis) of the conbustor chanber is an axi symetry
line. Based upon the symretry and cyclic boundaries, the sinulation procedure

will be sinplified to save a ot of conputer tine.
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SECTI ON 3
CONCLUSI ONS
The purpose of the numerical nodeling/simulation on the advanced swrling
fluidized bed combustor (hot nodel) is to determine the hot flow patterns
velocity profiles, static pressure profiles, species concentration profiles, and
tenmperature profiles in the conbustor chanber.

The basic governing equations are fornulated based upon the
continuity/ nonentum equations, and energy -equations in the cylindrica
coordi nates. Species conservation equations are also described with the species
concentration and pressure gradients. |In addition, the chenical reaction and the
di ffusion gradients and thermal effect are included in the nodeling for the

si mul ati on.

The flow system was configured in 3-D cylindrical coordinates with the
uni form nesh grids. The calculation grid was set of orthogonal |ines arranged in
the cylindrical coordinates which includes three different directions: vertica

direction (k), radial direction (J), and tangential direction (I).

The hot flow patterns in the advanced swirling fluidized bed combustor are
bei ng sinmul ated by the computational fluid dynanics
code, Fluent.

The nunerical simulation results will be discussed and presented with test

conditions and input boundary conditions in the next report.
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