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EXECUTIVE SUMMARY

This report describes the results of preliminary combustion tests performed

with Eagle Butte Coal in a bubbling, fluidized-bed combustion system. The
system was designed for the combustion of low-rank coals and industrial
wastes. The work, as proposed, was aimed at not only the evaluation of co-

firing of waste material with coal, but also at developing modifications to first
generation bubbling bed designs to improve the combustion performance
during co-firing. However, the funding for the work was redirected and the
combustion tests were suspended soon after the shakedown testing was

completed. Consequently, this report describes the results of the tests
completed prior to the redirection of the effort and funding.

A total of 33 combustion tests were performed in a 6-inch diameter

fluidized-bed combustor. Oxygen concentrations were measured at two points

in the system; the vent line and at the interface between the fluid bed and the
freeboard. These measurements provided a measure of the amount of
conversion of coal within the fluidized bed compared to the conversion in the

freeboard region. Typically, 75 to 80% of the conversion occurred within the
bed. Several experiments were performed in which special bed internals were

placed in the bed. The internals were designed to reduce bubble size in the bed
thus increasing the surface area of the bubbles and hence promoting oxygen
diffusion into the emulsion phase. Temperature measurements indicated that

when internals were present in the bed, a plug-flow component was added to
the normally backmixed fluid-bed flow field. The data from combustion tests

performed with the bed internals are insufficient to clearly establish whether an
increase in the volumetric heat release rate was achieved.

Since the effort and funding were redirected, no co-firing tests were

performed.
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INTRODUCTION

The United States Department of Energy (DOE) Office of Fossil Energy is

supporting the development of environmentally acceptable means of using coal
and coal-derived fuels to reduce United States dependance on foreign oil.

Fluidized-bed combustion (FBC) of coal has been recognized as a viable
technology for displacing reliance on oil. The goal of the DOE FBC program is
to establish an engineering technology base that can be used to build and
operate coal-fired FBC systems in the utility, industrial, and commercial
sectors.

In the past decade, the FBC technology has matured enough that at
present, a number of boiler manufacturers are offering commercially
guaranteed, first-generation, large utility and industrial size atmospheric
pressure fluidized-bed combustion (AFBC) units. To resolve the remaining
technical issues and to potentially broaden the market sector served by AFBC,
DOE is pursuing advanced concepts (second generation AFBC). This second-

generation AFBC technology will serve small industrial, commercial, and larger
residential applications.

The nation consumes a large quantity of energy in tens of thousands of
small commercial, institutional, and light industrial installations. These small
installations (less than 50,000 Ib/hr steam) meet the needs of a wide variety of
users. The cost differential between petroleum derived fuels and coal together

with significant advances in AFBC design and operation, will make AFBC in
smaller applications very competitive.

In order to facilitate the development of AFBC technology, to meet the
needs of this sector, DOE has formulated several goals. For the second

generation AFBC systems these goals have recently been published (Botros
1990), and are listed below:

• decreased capital and operating costs 20 to 30% lower than that of

conventional or first-generation AFBC technology; economically competitive
with off and gas units

• two-year payback on capital investment compared with oil-fired units
(cheaper fuel off-setting higher investment and operating cost)

• compliance with existing and proposed industrial pollution standards
• increased volumetric heat release rate above 500,000 Btu/ht/ft 3

• simplified fuel feeding to handle as-received coal with minimum
preparation

• increased boiler thermal efficiency to 90+%

• rapid start-up with an improved turndown ratio approaching 4:1
• sufficient automation to require only one operator per shift

• extended fuel flexibility range
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For special AFBC application (boilers producing less than 50,000 Ib/hr
steam):

• economically competitive with oil- and gas-fired units
• payback of 3 to 4 years or less for commercial and institutional units

compared with off firing
• payback of 4 years or less for residential units compared with oll firing
• total packaged system
• load following and rapid start-up
• coal-based fuel

• environmental acceptability

• high reliability and low maintenance

Capital and operating cost competitiveness can in part be achieved by
increasing the volumetric heat release rate within the bed area. Increased heat
release rates reduce the size of the unit thus making the technology attractive
for small scale users.

A test project was funded by DOE at Western Research Institute (WRI) to

explore the possibility of co-firing industrial wastes with coal. One segment of
this program was to investigate the use of bed internals to increase the
volumetric heat release rate. The rational behind the concept was that

appropriately designed internals, when placed in the bed will reduce the size of
the bubbles, thus increasing mixing and bubble surface area for oxygen
diffusion. Internals also offer a means for increasing the residence time of the
fuel particles in the bed, thus increasing the fraction of heat release in the bed
(fines utilization and co-firing).

EXPERIMENTAL

A series of combustion tests was conducted in WRI's 6-inch diameter

bubbling AFBC unit. The coal used was obtained from Eagle Butte Mine in the
Powder River Basin, near Gillette, Wyoming.

Equipment

The WRI fluidized-bed combustor is a modular unit consisting of a series of
alumina-bubble-castable, refractory-lined, 8-inch-diameter, 16-inch high, mild

steel, spool pieces (Figure 1). This sectional design allows for easy maintenance
and modification. Although the current test program called for atmospheric
operation, the unit is designed to operate at pressures up to 200 psi. The
distributor, made from 3/16-inch-thick stainless steel plate is a simple

perforated plate design, with 3/32-inch-diameter holes drilled with a one-inch
pitch. A typical combustion bed without baffles is 8 inches deep unexpanded
and is composed of silica sand particles approximately 1/16-inch in diameter.

" ' lrq , , , _r Irl II_ ' ' '11 , ,, , ,,, lr ' IIII1'



1/2" Collar, Mild Steel

_I_300 psi Mild Steel Flanges
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Figure 1. Fluidized Bed Combustor Design



Type 316 stainless steel, water-cooled tubes are immersed in the bed to control

temperature. The 16-inch high bed spool piece allows stable fluidized beds up
to 16 inches deep with the appropriate bed internals. Two more spool pieces,
plus a flange with an end-cap welded to it make the freeboard section. A 1.5-
inch collar is welded to the exhaust gas piping at the center of the end-cap to
allow the installation of an internal 4-inch fly-ash recycle cyclone.

Air is fed to the combustor from a rotary blower through a manually

operated control valve into the wind box at the base of the unit (Figure 2). Coal
is fed to the unit from a lockhopper using a variable-speed feed screw. The flue
gas leaves the combustor at the top and enters a 4-inch diameter tangential
cyclone for coarse particle removal. The gas then passes through an air-cooled
heat exchanger to the bag filters, for particulate clean-up and is then vented to
the atmosphere.

Instrumentation and Data Acquisition

Temperatures are measured at the inlet and outlet of each unit operation in
the system and at several points in the bed and freeboard using standard type-
K chromel-alumel thermocouple junctions.

Absolute pressure is measured using a gauge and transducer at the air
inlet. Differential pressures are measured across the distributor plate, fluid

bed, and bag filters using transducers. The fluid-bed differential pressure is
also monitored with a water manometer.

The total air delivery to the combustor is measured using a calibrated

mass-flow meter with a linear range from 0-50 scfm. Sweep air to the coal
feeder is measured with a rotameter with a range of 0-3 scfm.

Oxygen meters are employed to monitor the oxygen content in the gas at
the bed-freeboard interface and in the flue gases leaving the bag filters.

Solids flows are not measured continuously. An approximate feed rate is

set based upon u predetermined calibration curve for the variable speed screw.
Actual full-run amounts of fly ash, bed ash, bag filter ash, and coal fed are
determined after each test by before and after weights.

The cooling-water flow rate is measured using a rotameter.

Temperatures, transducer outputs, air flow rate, and oxygen
concentrations are displayed on a computer screen every minute and recorded
every five minutes using a PC-based, data-acquisitlon system. Hard-copy
printouts are produced every hour. Gas chromatographic analysis results from
samples taken at the freeboard-bed interface and the vent are recorded in the

log book.
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-_ Procedure

•. A typical run consisted of the following steps: ignition, warm up, steady
i state, and shutdown. The day preceding each test, sufficient minus 1/8-inchi

coal was spread out on plywood sheets at uniform depth of 1/2 inch to allow
free moisture to evaporate and to ensure trouble-free operation of the feed

system. The next morning, when the coal hopper was filled, a sample was
J, placed in a sealed container, and the weight of coal delivered to the hopper was

|I recorded. The coal feed sample was submitted for proximate and ultimate

i analyses.
Ignition was accomplished using a methanol burner system. The exhaust

of the burner feeds into the wlndbox. The methanol was ignited with a

i nichrome resistance element. Initially, a low "air flow and alcohol rate were used

to develop a stable flame in the air delivery piping. When the piping exceeded

the ignition point of the methanol, typically about thirty minutes, the fuel and
air flows were increased. The bag filters were bypassed during this procedure.

When the temperature of the silica sand in the fluid bed reached about 1000"F
(540°C), the alcohol feed was stopped, and coal feed was initiated and the air
flow was adjusted to the desired rate. The exhaust was directed through the

bag filters as soon as the coal feed was started. Typically, one hour was
required to reach steady-state operation while firing coal.

The tests were typically two hours long at continuous steady-state

operating conditions. Shut-down procedures involved the stopping of coal feed
while the air flow was maintained for about an hour to accelerate cooling of the
unit.

After cooling overnight, the coal feed hopper was emptied, and the unused

coal weight was recorded. The actual amount of coal used and the average feed
rate were determined from the difference between this weight and the original

weight charged to the hopper. The cyclone ash tank and the bag filters were

weighed. Samples were taken for proximate and ultimate analyses. In the first
few tests, the ash drain was also weighed and sampled, but the accumulation of
ash in the bed was so miniscule that use of the bed drain was discontinued.

A total of thirty-three tests were conducted. Tests 1-18 were used to check
out various subsystems. Tests 19-25 employed no bed internals, while test 26-
33 were conducted using two different types of baffles installed in the bed

region of the combustor (Figure 3).
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RESULTS

Table 1 displays the conditions and other pertinent data for tests 19-25.
Recall that these tests were conducted without the use of any bed internals. It
should also be noted that no cooling water was applied in these tests. The
internal ash-recycle cyclone was also not installed during the tests.

Table 1. Combustion Run Summary

Run # 19 20 21 22 23 24 25

Coal Feed

Rate, lb/hr 6.6 5.1 10.5 7.9 8.0 7.9 6.7

Weight-Based
Conversion, % 90.8 93.1 86.3 89.2 85.7 89.2 94.2
Carbon Balance

Conversion, % 91.2 92.8 84.6 83.4 93.1 90.2 92.2

Ash Balance
Conversion, % 88.0 88.3 82.0 n/a 90.6 90.0 n/a

Air Rate, scfm 14.4 11.2 14.5 14.4 11.9 13.6 12.0

Bed Temperature, "F 1788 1574 1865 1653 1619 1494 1686

Oxygen Concentration
Fluid Bed, % 7.2 7.6 6.1 5.9 5.9 6.9 9.2

Oxygen Concentration
Vent, % 3.3 5.3 0.6 0.8 1.9 3.0 1.3

Bed Oxygen-Use
Ratio 0.78 0.85 0.73 0.80 0.80 0.79 0.60

Volumetric Heat
Release Rate,
kBtu/ft a/ht 309 277 436 373 373

n/a = not available



The coal feed rates listed in Table 1 were determined by dividing the weight
of the coal fed by the elapsed time. The table displays coal conversion values
calculated by two different methods. The weight-based conversions were
determined from the weight of material collected after a test run, whereas the
ash balance conversions are based upon an ash balance and are independent of
any collection efficiencies. Therefore, the ash balance conversion serves as a
cross check of the efficiency of the collection system. All of the conversions are
reported on an as-received basis. Moisture and ash free conversions are
typically five to six percent higher. The air rate, bed temperature, and oxygen
concentrations are the time-averaged values for the steady-state period of each
run.

The bed oxygen-use ratio is the oxygen consumed in the bed divided by the
total oxygen consumed. This ratio provides an index of the percentage of coal
consumed in the bed. A more accurate method, which accounts for the change
in stoichiometry that occurs with conversion, requires a full gas analysis of the

bed gas and vent gas. The heat of combustion of most fuels, referenced to the
amount of oxygen consumed, varies little; therefore, the error incurred in
determining the partitioning of heat release between the freeboard and the bed
is small.

The volumetric heat release rate is estimated by correcting the heating
value of the coal consumed to account for the actual moisture content as fed.

The product of the oxygen-use ratio, corrected heating value, and the coal feed
rate provides an estimate of the heat release rate in the bed. The volumetric
heat release rate is then determined by dividing the heat release rate by the bed
volume.

Table 2 summarizes the runs made with baffles installed in the bed. No

cooling water was used in this set of experiments. The water cooled gas
sampling probe was not working properly for this series of runs, so oxygen
concentration values are not reported for this series. A temperature excursion
was experienced in run 28 that destroyed the type A baffles (Figure 3). Removal
of the melted baffles between runs 28 and 29 resulted in damage to the
alumina bubble castable refractory (Greencast 97L, 85 Ib/ft 3, 3300"F/1816"C

duty rating). This refractory lining was replaced with a 60 Ib/ft a castable (A.P.
Green VSL50, 2300°F/1260"C duty rating). The higher temperatures recorded
in runs 29, 30, and 31 are caused by the superior insulating ability of the new

refractory lining. Run 31 was operated without baffles in the bed. Glazing and
corrosion of the VSL50 was apparent after run 31, so the refractory lining was
replaced with a tabular alumina tastable (Greencast 94 plus, 158 Ib/ft a,

3400"F/1871 °C duty rating) with much poorer insulating abilities than the
previously employed refractory lining materials.

Tables 3 and 4 summarize the proximate and ultimate analyses performed

on the feed and ash stream samples. The carbon and ash balances in Table I
are based upon these analyses.



Table 2. Combustion Run Summary--Baffled Beds

Run # 26 27 28 29 30 31 32 33

Coal Rate, 7.7 9.2 8.1 8.3 7.3 7.2 8.5 6.5

Ib/hr

Air Rate, 17.6 12.9 15.2 15.2 15.2 15.0 14.8 10.9
scfm

Temperature, °F
TC2 1731 1087 1196 1808 1863 1914 1567 1521

TC3 1733 1107 1406 1850 1908 1934 1612 1574

TC4 1733 1204 1965 1860 1914 1929 1639 1614

TC5 1727 1547 2219 1881 1937 1932 1652 1631

Carbon
Conversion, % 78.8 74 86 93 87 94 91 90

Baffle Type None A A B B None B B

Refractory

Type 97-L 97-L 97-L VSL50 VSL50 VSL50 94+ 94+
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Table 3. Proximate Analyses, wt %

Run # Sample Moisture Volatiles Ash Fixed Carbon

19 Feed 18.4 41.7 5.5 52.8
19 Ash 2.4 10.6 45.9 43.6
20 Feed 15.5 41.2 6.3 52.6
20 Ash 3.2 12.1 53.9 34.0
21 Feed 18.8 42.3 6.1 51.6
21 Ash 1.4 9.6 34.6 54.4
22 Feed 14.0 36.4 7. I 46.3
22 Ash 1.3 8.6 40.7 49.4
23 Feed 16.3 34.5 4.9 44.3
23 Ash 2.1 13.5 52.0 32.3
24 Feed 17.8 34.5 4.5 43.2
24 Ash 2.3 9.6 43.5 44.5
25 Feed 13.3 39.0 4.7 43.0
25 Ash 2.7 9.9 47.3 40. I
26 Feed 10.2 39.4 4.8 45.6
26 Ash 2.3 10.9 24.7 62.1
27 Feed 18.5 35.9 4.6 40.9
27 Ash 8.5 13.7 21.3 56.5
28 Feed 11.1 39.1 4.9 44.9
28 Ash 5.3 11.7 41.6 41.4
29 Feed 10.9 38.9 5.0 45.3
29 Ash 5.6 12.7 47.7 35.5
30 Feed 7.7 40.3 5.3 46.7

30 Ash 6.6 17.9 34.3 41.3
31 Feed 10.7 39.2 5. I 45.0
31 Ash 4.3 12.2 49.5 34.0
32 Feed 18.7 36.6 4.8 39.9

32 Ash 1.9 14.0 44.4 39.7
33 Feed 20.1 35.3 5.2 39.2
33 Ash 5.4 11.7 35.3 47.4
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Table 4. Ultimate Analyses, wt % (Moisture Free)

Run # Sample Carbon Hydrogen Nitrogen Sulfur

19 Feed 65.5 4.3 1.0 0.4
19 Ash 48.0 0.8 0.6 0.6
20 Feed 66.2 4.3 1.0 0.4

20 Ash 40.4 1.0 0.5 0.6
21 Feed 64.9 4.2 0.9 0.4
21 Ash 56.4 1.0 0.4 0.6
22 Feed 54.7 4.0 0.6 0.4
22 Ash 51.8 0.9 0.6 0.6
23 Feed 53.7 3.9 0.8 0.3
23 Ash 39.3 1.5 0.5 0.5
24 Feed 51.9 3.9 0.7 0.3

24 Ash 49.3 1.2 0.5 0.6
25 Feed 57.1 5.2 0.7 0.3
25 Ash 45.0 0.9 0.4 0.7
26 Feed 59.7 4.5 0.4 0.3
26 Ash 64.9 1.1 0.8 1.6
27 Feed 54.8 5.0 0.5 0.4
27 Ash 65.8 1.7 0.8 1.7
28 Feed 52.0 1.2 0.5 0.7

28 Ash n/a n/a n/a n/a
29 Feed 59.6 3.9 0.4 0.4
29 Ash 43.4 0.1 0.4 0.7
30 Feed 60.7 5. I 0.7 0.4
30 Ash 48.2 2.1 0.4 0.6

31 Feed 59.4 5.0 0.7 0.4
31 Ash 33.9 1.3 0.3 0.5
32 Feed 54.0 5.0 0.6 0.4
32 Ash 46.1 1.4 0.5 0.6
33 Feed 53.5 5.3 0.5 0.5
33 Ash 35.7 1.3 0.4 2.3

I n / a = not available

DISCUSSION
I

4

I The 6-inch fluid-bed combustion system is working weil. The weight based
conversions, calculated from material balance, agree well with the conversions
determined by ash balance, indicating that the particulate recovery system is

working weil. The volumetric heat release rates for the bed are simply a
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function of the coal feed rate. The fraction of coal consumed in the bed, as

indicated by the fraction of ox3rgen consumed, decreases with the increasing air
flow rate. Because of the importance of this ratio in the proper design of heat
transfer surfaces for the freeboard and bed, the factors responsible for the heat
partitioning between the bed and the freeboard were examined, lt was
discovered that the particle size distribution of the feed coal (Table 5), and the

gas velocity, are the primary factors that determine what fraction of the coal is
consumed in the bed. The phenomenon controlling the bed consumption
fraction is entrainment. This can be clearly demonstrated by comparing the
weight fraction of the coal that was not consumed in the bed to the weight
fraction of the coal that one would expect to be entrained (Table 6). It is
assumed that the stoichiometry for combustion in the bed and the freeboard
are essentially identical, so the fraction of coal consumed in the bed is identical
to the fraction of oxygen consumed in the bed (Table 1). The bed oxygen use
ratio is determined from oxygen concentration measurements at the freeboard-

bed interface and the vent according to:

X
02 = {21 - Yb)/(21-Y v) (I)

X = the fraction of total oxygen used that was consumed in
02 fluid bed

Yb = volume % oxygen in gases leaving the fluid bed

Yv = volume % oxygen in the vent gas

To estimate the amount of coal entrained from the bed requires an estimate

of the particle size that would be entrained from the bed using Stokes' law"

de = /18Vv/gpO (2)

where

de = entrainment diameter

/I = gas viscosity

g = acceleration of gravity

p = density of the char particle

V = gas velocity

$ = shape factor

13



Table 5. Feed Coal Size

Sample, wt % Retained
Screen, Mesh a A B C D Average

6 0 0 1.1 1.2 0.6
8 0.6 5.0 6.0 5.7 4.3

20 42.5 33.0 48.1 48.1 42.9
40 29.6 25.3 24.3 23.7 25.7
70 16.8 19.3 11.2 10.9 14.6

100 4.6 5.6 2.8 2.9 4.0
140 2.3 4.5 2.0 2.1 2.7
200 1.0 1.8 0.8 1.0 1.2
Pan 2.6 5.5 3.6 4.2 4.0

a U.S. Standard

Table 6. Fraction of Coal Consumed in Fluid Bed

Run # Air Rate, Estimated from As Determined from
scfm Equation 3, Oxygen Concentration

dimensionless Measurements,
fraction dimensionless fraction

19 14.4 0.75 0.78

20 11.2 0.82 0.85
21 14.5 0.73 0.73
22 14.4 0.76 0.80
23 11.9 0.81 0.80
24 13.6 0.79 0.79

When a large particle enters the bed, lt wiU burn down to the entrainment
diameter and enter the freeboard. In this analysis, mechanical breakup of the

particles was not considered. From the feed coal particle size distribution, the
weight of coal in each size range that will eventually leave the bed and be
carried away into the freeboard can be estimated from the cube of the
entrainment diameter divided by the mean particle size in that range multiplied

by the weight fraction for that size range. If the diameter ratio exceeds one,
that is, if the feed particles are smaller than the entrainment diameter, it is

14



assumed ali of the coal in that range leaves the bed. However, it is further
assumed that the volatile matter from these particles is consumed in the bed,

so the weight fractions from the screen analysis, which are based upon as
received coal, are corrected for volatile loss in the bed. Since this comparison is

essentially a comparison against oxygen consumption, no correction for
moisture is needed. The sum over tall size ranges in the coal feed, subtracted

from 1, yields the weight fraction of coal that would be expected to be burned in
the bed"

n m

XB= 1-(1-Xvm)'{ Z C i Xi + Z Xi) (3)
i= 1 i= 1

Ci = {deldm,i}3 (4)

where

X B = mass fraction of feed consumed in the bed

dm, i = mean particle diameter for range i

Xi = mass fraction of particles in range i of feed

n = ending index for size ravages where dm, i > d e

m = smallest particle size range

Xvm = mass fraction of volatile matter in feed coal

C i = weight fraction correction for burning

The amount of coal expected to be burned in the bed based upon Stokes'

law agrees well with the amount inferred from the oxygen concentration
readings. A much higher conversion of this coal in the bed would be possible in
the bed ff the fines were removed. Alternatively, this analysis indicates that fuel
feeds to fluid-bed combustion systems can be sized to match existing heat

transfer configurations when changing fuel sources. In larger units, it may
become important to consider mechanical size reduction of the larger particles
to accurately predict the amount of coal consumed in the bed, only if a

significant number of these fragments approach the entrainment diameter.
Estimates of the fraction of coal burned in deeper beds may also require an

accounting of the amount of burning occurring during the average transit time
of particles smaller than the entrainment diameter predicted by Stokes' law.
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The combustion system has performed well during the shakedown testing.

Very high coal conversions, typically greater than 90%, have been obtained for
the Eagle Butte coal without fly ash reinjection. A high percentage of the coal
conversion occurred in the bed. These high conversions, compared with higher
rank coals, are not surprising when we consider the much higher reactivity of
the low-rank Western coals. This phenomenon was also reported by HaJicek
(1985). To maintain stable fluidization, a 9-inch-high bed was employed in our

studies to keep the height-to-diameter ratio below 1'5. Larger diameter units
can use deeper beds, and higher conversions can be expected.

The introduction of baffles in the fluid bed was intended to increase the

heat release rate by controlling bubble size. Two baffle geometries were tried.
The "venetian blind" geometry (Figure 3a), strongly affected the solids flow

pattern as evidenced by the large difference in bed temperatures shown in Table
2, experiments 27 and 28. Temperature differences as great as 1000"F {555"C)
were noted between thermocouples 2 and 5. Thermocouple 2 is located 3

inches above the distributor plate, with thermocouples 2 through 5 spaced 2

inches apart. The vertical distance between thermocouples 2 and 5 is 6 inches.
The unbaffled bed exhibits a strikingly more uniform temperature, with only an
18"F (10"C) difference in the same thermocouples. The vertically arranged

baffles (Figure 3b) still exhibit a plug flow component to the solids mixing flow
field, but not nearly as much as the venetian blind geometry. Experiments 29,
30, 32, and 33 showed temperature differences of 73 to IO0"F (40 to 55"C)
between thermocouples 2 and 5. These observations suggest that a plug flow

component can be imposed upon the backmixed solids flow field of fluidized
beds by using a baffling system. Furthermore, the magnitude of the plugflow
component can be regulated by adjusting the angle of the baffles with respect to

the gas flow direction. While this result may have limited application in
combustion systems, potential use of this observation can be imagined in

gasification and drying applications, as well as a host of gas-solid contacting
reactors. Baffles can be used to transform the traditionally backmixed fluid bed

into a truly counter current fluidized reactor system, whose solids dispersion
can be controlled online by adjusting the baffle angle.

Because of the changes in refractory lining and the difficulties experienced
with the oxygen measurements at the bed-freeboard interface, a direct

comparison of the heat release between an open bed and a baffled bed can only
be made by comparing runs 30 and 31. There is no apparent improvement in
coal conversion in the baffled bed. In fact, the data indicates that the open bed

performed better, with a carbon conversion 7% higher (94% compared to 87%,
Table 2).
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CONCLUSIONS

Even though the test series completed before the redirection of this work
was primarily shakedown testing, several conclusions may be inferred from the
experimental observations:

• Carbon conversions of 80 to 94% can be expected from Eagle Butte Coal in
a 9-inch-deep bubbling fluid bed system with out recycling the elutriated
char. Higher conversions would occur in a deeper bed.

• The fraction of coal consumed in the bed can be predicted by the

application of Stokes' law to the feed particle size distribution to determine
what percentage of the feed will be elutriated into the free board. The
calculation must account for those fine particles in the feed that are

elutriated immediately, and those larger particles that eventually burn
down to a smaller diameter that are also elutrlated.

• Baffles in the bubbling bed impart a plug flow component to the solids flow

field. The magnitude of the plug flow character is dependant on the angle
of the baffles with respect to the gas flow.

• Baffles do not appear to improve the volumetric heat release in the bed

when compared to a fluid bed containing no internals.
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