2B iEE WENE MRS BEEC] oY
St U BBWNO] B

F 8

Effect of Design and Operating Parameters on the Performance
of a Two-Stage Swirl-Flow Fluidized Bed Coal Combustor

Lee Ki-ho*

Summary

A new combustion techinque, called the two-stage swirl-flow fluidized bed combustion process,
was recently developed to improve the cdmbustion efficiency and to reduce the elutriation of fines.
Several tests on overall performance and hydrodynamics of the gas-particle flow behavior in the two-
stage swirl-flow fluidized bed combustor have been already performed. Nevertheless, more data is
needed for the complete evaluation of its performance.

In this paper, operating and design parameters which can affect the combustion performance of
the two-stage swirl-flow fluidized bed combustor are discussed. Combustion experiments of anthra-
cite coal with a wide size distribution were carried out to investigate the influence of the various
parameters on the combustion performance in a laboratory scale combustor. The parameters
considered were swirler nozzle diameter, number of swirler nozzles, fluidizing air velocities of lower
and upper stage and fly ash recycling. Experimental results and discussions are alos presented.
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Table 1. Influential factors on the fluidized bed combustion

Main group

Factors

fuel parameters

physical and chemical composition

heating value, etc.

design parameters

operating parameters

feeding system
configuration of distributor
inbed surface configuration
fly ash recycling

air-fuel ratio

bed temperature

fluidizing air velocity

bed depth

bed material

fuel and sorbent
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- D1:10.8 cm
D2:15.8 cm

compressed
air
Schematic flow diagram of
experimental apparatus .
1. Air preheater; 2. Screw feeder and
hopper: 4. Upper stage air
distributor; 5. cyclones: 6.
Thermocouple;: 7. Pressure tap.
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a) Dy= 1.28, 1.46, 1.85, 2.55am,
b) Dy= 1.48am; c)Dy= 1.6l
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Table 2. Experimental conditions

3. A=A
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el e},

Variables

Conditions

Swirler nozzle diameter (Dy), o
Number of swirler nozzles (ny), —
Lower bed temperature (Ty;), €
Upper bed temperature (Tpg), T

Air-fuel ratio( a)* -

Lower stage superficial air velocity (U,,), m/s

Upper stage superficial air velocity (U.,,), m/s

Recycle ratio (R/C)**, —

1.28, 1.46, 1.85, 2.25
2, 3 4

900

900

1.20

0.9-1.5

0.015 -0.27

0.0, 0.5 1.0,1.5

actual feeding air flow rate

* Air-fuel ratio( )=

theoretical air flow rate

racycled fly ash

x x Recycle ratio(R/C)=
coal feed rate

A3 g 3%
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Fo. o714 Wosk Wb g3 zho] Aeigo.
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c wo %100
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22 3w URAEE A%, AolgRold T
2 AAEFl G4E A¥s FAc Fig 3
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Table 3. Compositions and size distribution
of the Korean anthracite coal used

Items Content
Proximate analysis (%)
Moisture 1.12
Volatile matter 6.71
Fixed carbon 34.88
Ash 57.29
Ultimate analysis(%) 33.61
(o 0.72
H 0.23
N 2.21
0 2.21
S 57.29
Ash 1.12
H,0
Calorific value(cal/g) 2850
Particle size range (az) (wt. %)
2.00-0.84 36. 56
0. 84-0. 50 17.78
0. 50~0. 30 13.31
0.30-0.21 6. 53
0.21-0. 15 5.80
0.15-0.10 2. 40
€0.10 12. 80
men diameter (dp) 0.114

ot FolA 13} Ao, A2xZE WA 2
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o4 x& uls} o]l ANZFEst Frldd 29
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Y& ¥ 4+ A+ du, Y4™¥ AW (cyclone
collector)oll 4| 7} folF9 Eeol7} Fag of
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outer vortex] A4t Frtsid 23 AA A §
o] 3713l Z=§ =A3A X} (Cooper and
Alley, 1986).
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Fig.3. Variations of trapping rate and

carryover rate with the swirler nozzie
diameter :
Uy = L 1m/s. ny=4, Up= 0. 27m/s.
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Fig. 4. Variations of combustion efficiency with
the swirler nozzle diameter :
Up= 1l-1Im/s, ny= 4, Up= 0.27Tm/s.
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Fig.5. Variations of trapping rate and
carryover rate with the number of
nozzles :
Uy= 1 1m/s, ny= 1.28m, Up= 0.27
m/s.
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Fig. 6. Variations- of combustion efficiency with
the number of nozzles :
U01= 1.1m/s, Dy= 1. 28cm, U02= 0.27
m/s.
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Fig.7. Mean particle diameter with Uy :
Dy= 1. 28cm, n,= 4, U02= 0.27m/s.
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Fig.8. Variations of W, and W, with U, :

Dy= 1.28m, ny= 4, Up,= 0. 155m/s.
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Fig.10. Size distributions of ash in outflow
streams :
U, = L.2m/s, Dy= 1.28cm, ny= 4.
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Fig. 11. Axial temperature profiles with respect
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Uy, = l.1lm/s, ny= 4, Dy= 1.85cm.
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