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ABSTRACT

This technical report summarizes the research conducted and
progress achieved during the period from October 1, 1996 to

December 31, 1996.

Numerical simulation was acquired from the particle trajec-
tories by means of the Reynolds Stress Model (REM) with general
algebraic expressions. The typical particle trajectories for
bunch particle injection were predicted by the top view, the
side view, and the isolated 3~dimensional view. The simulation
of particle trajectories showed top view, side view, and isolated

3-dimensional view.

Numerical simulation for the bunch particle injection will
be continued to understand the particle characteristics in the

combustion chamber.

~ The system test was conducted on thevexploratory hot model.
Thermal ' performance and combustion products of the test results
were analyzed and predicted. The effect of cooling water on
the combustion chamber was studied using the natural gas as a one
of firing fuel. Without a providing of cooling water, overall
combustion temperatures are increased.
A computer-assisted data acquisition system was employed to
measure the flue gas compositions/stack temperature. The meas-

- urement of combustion products was conducted by the gas analyz-

er.
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EXECUTIVE SUMMARY

Fluidized bed combustion (FBC) has grown with the prospect
that it can burn coal and low grade fuels in an environmentally
acceptable manner. However, several undesirable feétures [1,2]
were found to be inherent with a rfirst generation FBC boiler
system. The bubbling fluidized bed combustor and circulating FBC
are known for high elutriation of unburned coal chars, in-bed and
convective wall erosion [3], and a relatively 1low combustion
intensity/calcium utilization. 1In order to improve these prob-
lems, the advanced swirling fluidized bed combustor (SFBC) was
proposed. In this study, combustion air is tangentially injected
into the annular chamber through the nozzles at various levels to
form a strong swirling flow.

A series of experiment under different test conditions were
conducted to explore the aerodynamic structure and the unique
characteristics of the bench-scale advanced swirling fluidized
bed (ASFB) system. Measurement and analysis of the gas/particle
flow patterns were conducted to better understand the combustion
processes and local heat transfer phenomena in the combustion
chamber. Measurements showed the flow field in the ASFB to be
characterized by a strong swirling flow in the tangential direc-
tion. Numerical simulation of the typical flow pattern of
gas/particle flow in the ASFB freeboard was conducted using a
computational fluid dynamics (CFD) code.

The exploratory hot model was designed and fabricated to
understénd the swirling-flow combustion process and heat transfer

effect. The system test will be continued on the exploratory hot




SECTION 1

RESULTS AND DISCUSSION
Numerical Simulations -for Particle Trajectories

1.1 Numerical Simulations for Bunch Particle Injection

An understanding of particle flow>characteristics in the
strongly swirling turbulent flow field is important to control
the particulate emissions and fuel burnout in the swirling fluid-
ized bed combustor.

The results of the single particle injection were discussed
in the previous report [4]. The bunch particles injected into
the combustor chamber were simulated by the CFD code, FLUENT.
The test conditions for the bunch particle injections, in three

cases, are summarized in Table 1.

Table 1 Test Conditions of Bunch Particle Injection
for FLUENT Simulation

Particle Type glass beads
Size mm 0.04
Density  1p/et 156.05
Particle injected at three locations

and at the same initial velocity:

Case 1 Injection Location

I _ degree 10

J inch 1

K at the fluid bed surface inch 3

Case 2 injection location

I degree 10

J inch 2.5

K at the fluid bed surface = inch 3

case 3 injection location

I degree 10

J inch 4

K at the fluid bed surface inch 3

Particle

injected velocity ft/s 25.5

in K-direction . _




Numerical simulation was pursued on the particle trajecto-
ries by means of the Reynolds Stress Model (RSM) with a general
algebraic expression. The gas density was determined by the
universal gas law which takes the gas'density as a function of
pressure and temperature. The bunch particle injection simula-
tion was conducted in the whole reactor chamber in cylindrical

coordinates [5].

*

The simulation results for the particle moving trajectories,
in the combustion chamber, are shown in Figures 1, 2, and 3.
Figure 1 shows the top view, Figure 2 shows the side view, and

Figure 3 is the isolated 3-dimensional view.

The particle trajectories showed when the particle was
injected from the surface of the fluidized bed; it was swirling
up for case 1 and case 2,‘and swirling down for case 3. The
swirling diameter 1is increased as it rises up (for case 1 and

case 2) or falls down (for case 3).

For case 1, the particle moving up to the 8 inch 1level
touched the wall, bounced against the wall several times, fell
into the dense phase fluidized bed and finally escaped from the

reaction region (see blue line in Figures 1 and 2).

For case 2, the particle moved up spirally, but stayed
closer to the wall due to a stronger centrifugal interaction.
After the particle bounced against the wall, then fell into the
dense phase fluidized, which is similar to the case 1. (see

green line in Figure 2).




Fig. 1 Top View of Particle Trajectory in the Combustor




For case 3, the particle moved up to the 3.5 inch level and
then started to fall down. At about the 2.5 inch 1level, the
particle touched the wall and then bounced against the wall
several times into the dense phase fluidized bed and finally

escaped from the reaction region (see red line in Figures 1 & 2).

The particles moved in three stages: ascending stage (stage
Ij, colliding/bouncing stage (stage II), and slipping stage
(stage ITII). In stage I, the particle moved toward a summit (its
highest point); in stage I, the particles touched the wall,
bounced against the wall and slid along the wall smoothly. The
ascending stage and bouncing stage for case 1 is 1longer than
those for case 2 and case 3 (see Figure 1, the blue 1line indi-

cates the case 1). In our test case, no sliding stage was found.




Case 3 Case 2 Case 1:

i

N

Gas Distributor

Fig. 2 Side View of Particle Trajectory in the Combustor
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FSecondary Air
Nozzle (Lower
Level)

Fig. 3 Three-Dimensional Plot of Particle Trajectory in the Combustor




SECTION 2
RESULTS AND DISCUSSION

Test of Exploratory Hot Model

The system test was continued to analyze the thermal per-

formance on the exploratory hot model.

2.1 Instrumentation for Flue Gas Composition Measurements
A computer-assisted data acquisition system for the flue gas
compositions/stack temperature measurements was employed to

accelerate the data taking process and to eliminate human errors.

The ENERAC 2000 gas analyzer was used to measure the compo-
sition of flue gases. This analyzer as designed to have an
automatic self-calibrating system which can sample, condition,
and measure oxides of nitrogen, carbon monoxide, sulfur dioxide,

and oxygen on a continuous basis ([6].

The ENERAC 2000 gas analyzer interfaced with an on-site
personal computer with a software, ENERCOMP. This software
includes a program that allows us to translate stored stack date
into LOTUS program format for further manipulation. To take the
average values, set the Log-In period of ENERCOMP program to the

shorter average period.

2.2 Procedures of Flue Gas Composition Measurements
Measurements of combustion products by the gas analyzer

start at the sampling probe which is inserted into the outlet of

exhaust tube of the explofatory hot model. The sampled flue

gases are transported to the monitor console of the gas analy:zer.




2.3 Effect of Cooling Water

Figure 4 shows one of the system test results to analyze the
thermal perfprmance on the exploratory hot model. This test
was conducted with the top combustor plate sealed with a 1/4"
thickness of the steel plate. The exhaust system was located 180
from the thermocouples 5.5" from the bottom with a 5/8" diameter

opening.

The data shows an average temperature of 657 F and a close
to homogeneous heat distribution. This average temperature is
higher than that of the test at the lowest combined primary and
secondary air flow [4]. This result indicated that the exhaust
location influenced the mixing of the chamber gas and heat simi-
larly. The vertical location of the exhaust was very close to
the fuel nozzle, which also affected the increasing of the com-

bustion temperature.

Two tests were conducted to examine the effect of cooing
water using the natural gas. The gas analyzer, ENERAC 2000 was
used to measure the composition of flue gases. Test A was run on
the exploratory hot model with the cooling water. The cooling
water flow rate was 1.5 gallon/min. for three levels of cooling
water tube. These cooling tubes are consisted of three runs of
independently controlled water cooling tubes. The secondary air
flow rates for the upper and lower nozzles are 3 cfm and 3.5 cfnm
respectively. The average combustion temperature was 326.8 F.

The detailed test conditions and results were shown in Table 2.

Table 3 summarized the test results without the cooling
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water. The secondary air flow rates were same as the test with
the cooling water. The average combustion temperature was 301.4
F. The detailed test conditions and results were shown in Table
3. Without a providing of cooling water, overall combustion
temperatures are increased. Especially, the average temperature
at the center of the combustor was increased by the range of
27%. When the cooling water provided, the combustion temperatures
decreased. In addition, the top portion of the combustor absorbed

the least amount of heat from the hot combustion gases.

It is believed that the heat removal rate by water at each
section of heat transfer surface affects the local heat transfer
rate in +the combustion chamber {7]. This local heat transfer
effect in the combustion chamber will be further investigated and

analyzed in the future.

2.4 Combustion Products and Pollution Performance

Figures 5 and 6 show the concentration of oxygen, carbon
dioxide, carbon monoxide, oxides of nitrogen, and sulfur dioxide.
The sampling was collected from the exhaust at the top portion of
the combustor. The carbon monoxide was found to be about 14% to
20%. As expected, the existing CO and NOx levels were very 1low
(0 ppm-0.3 ppm) because the fuel tested was gas as a clean fuel.
Natural gas is practically free from noncombustible gas or solid

residue.

Methane (CH4) and ethane (C2H6) are the principal combusti-

ble .components of the natural gas. The existing SOx level was

13




found to be relatively low (13 ppm to 16 ppm). It may be consid-
ered that the sampling gas included some saturated moisture.
Usually, natural gas which‘is delivered from a pipeline has often
been "rehydrated," that is saturated with water vapor by means of
steam Jjet [2]. It is believed that with a better-arranged and

careful instrumentation, the accurate flue gas analysis could be

obtained.
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SECTION 3

CONCLUSIONS

Measurement and analysis of the gas and particle flow pat-
terns were very useful to better understand the combustion proc-
esses and local heat transfer phenomena in the combustion chamber

of the advanced swirling fluidized bed combustor.

Numerical simulation of the typical flow pattern of gas
particle flow'in the freeboard of the bench-scale advanced swirl-
ing fluidized bed was conducted using a conducted using a compu-
tational fluid dynamics code, Fluent, which is loaded onto Super-
computer Cray J916. The results showed the non-isotropic struc-

ture with vigorous fluctuation in axial and radial directions.

The system test was conducted on the exploratory hot model to
analyze the thermal performance and flue gas compositions. A
computer—-assisted data acquisition system was employed to measure
the flue gas compositions and stack temperatures. Test on the
exploratory hot model will be continued to analyze the local heat

transfer rate, thermal performance, and combustion products.

17
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