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Abstract~—Incineration experiments are carried out to obtain the fundamental data for application of a two-stage
swirl-flow fluidized bed combustor to the incineration of paper sludge wastes with high moisture content. Experimen-
tal parameters are identified as the fluidizing air velocity, fuel feed rate, bed temperature and stoichiometric air ratio.

Experimental results show that temperature distribution within the fluidized bed is not uniform due to the segre-
gation by density difference between bed materials and paper sludge. A part of unburnt fines entrained from the lower
bed are separated from the gas stream due to the swirling effect in the upper stage freeboard of the combustor, and
eventually settled down on the upper bed and burnt by secondary air. Further, the non-separated remainder has a long
residence time as it moves along the swirling flow. Therefore, the combustion efficiency of paper sludge in the two-
stage swirl-flow fluidized bed combustor is enhanced compared with that in the single-stage fluidized bed combustor
under the same operating conditions.
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Fig. 1. Presentation of a two-stage swirl-flow flu-
idized bed combustor.
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Table 1. Experimental conditions

Variables Conditions
Lower bed temperature T} =800, 900
(°0
Primary superficial gas Upy=0.67, 0.86, 1.05, 1.29
velocity (m/s)
Air flow ratio (-) Q/Qy=2.68, 3.45, 4.19,
5.14
Fuel feed rate(g/min) Fo=28.82, 33.77, 38.54,
44.62
Fluidized bed height (cm)
lower bed: h;=20
upper bed: hy=10

Air-fuel ratio (-) A=1.05,1.2,141
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Table 2. Composition of paper sludge used in the

experiments
Analysis wt%
Proximate Moisture 44.60
Combustibles 44.71
Ash 10.69
Ultimate (dry basis) C 39.32
H 6.44
N 2.27
0+8 30.68
Ash 21.29
Calorific value (gross, kcal/kg) 3760
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Fig. 3. Variation of bed material (sand) with re-
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Fig. 5. Variation of axial temperature profiles
with the primary superficial air velocity in
a single-stage FBC(T,,=800°C, A =1.2).
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Fig. 9. Variations of carryover rate and combusti-
ble content of carryover fines with respect
to the primary superficial air velocity
(T, =800°C, A =1.2).
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Table 3. Effects of operating parameters on the
combustion efficiency (T,;=800°C)

Un Fo Q/Q; A Combustion Efficiency (%)
(m/s) (g/min) (=) (=) S TSSF**
0.67 2882 268 1.20 90.19 97.58
086 33.77 345 1.20 93.62 98.00
1.05 3854 4.19 1.20 95.30 98.11
1.29 4462 5.14 1.20 - 98.12
0.86 3854 345 1.05 93.58 97.86
0.86 3377 345 1.20 93.62 98.00
086 2882 345 141 94.60 98.16
*SS: single-stage FBC

**TSSF: two-stage swirl-flow FBC
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NOMENCLATURE

Co : combustible content in fuel [wt%]

C, : combustible content in particles drained from
lower bed [wt %]

C, : combustible content in particles drained from
upper bed [wt %]

C; : combustible content in particles collected in
cyclones {carryover) [wt %]

F, : fuel feed rate [g/min]

F, : weight of particles drained from the lower bed
[g/min]

F, : weight of particles drained from the upper bed
[g/min]

F; : weight of particles collected in cyclones(car-
ryover) [g/min]

h, : fluidized bed height of lower bed [cm]

h, : fluidized bed height of upper bed [cm]

Q, : primary air flow rate measured at 25°C and 1

atm [L/min]

Q, : secondary air flow rate measured at 25°C and 1
atm (L/min]

Tyy: lower bed temperature at the surface of lower
bed [°C]

t : time reached to the steady state [hour]
Uy: primary superficial gas velocity at T,,; [m/s]
W : weight of bed material (sand) [g]
: volumetric ratio of fed air to stoichiometric air
calculated on the basis of fuel [-]
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