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Effect of Solid Mass Inventory on Hydrodynamics

Characteristics in a Circulating Fluidized Bed
E. K. Kim, D. Shin and J. Hwang, J. Lee, ]J. Kim

ABSTRACT

This paper discusses effect of solid mass inventory on the hydrodynamic
characteristics of circulating fluidized bed(CFB). Operating parameters of solid mass
inventory and air flow rates were varied to understand their effects on fludization
pattern. Experimental measurements were made in a CFB of which height and
diameter are 3m and 0.05m, respectively. Black SiC particles ranging from 100/m
to 500um were employed as the bed material. Superficial gas velocity of riser and
J-valve fluidizing velocity were in the ranges of 1.39~3.24m/s and 0.139~0.232m/s,
respectively. The axial solid fraction and solid circulation rate of CFB were calculated
based on the experimental data and compared with modellings through IEA-CFBC
Model and commercial CFD code.

Key Words : CFB, Hydrodynamics, Mass inventory, Fluidizing air rate, CFD,
Modelling
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A cross section area of bed, m’ Uscor © solid up velocity in core, m/s

a :exponential decay constant, 1/m u,  terminal settling velocity, m/s

D : dispersion coefficient, m%/s uy © transition velocity, m/s

d, : bubble diameter in dense bed, m Vb : bubble volume, m?

f function, as indicated, - w  particle size fraction, kg/kg

Gs @ solid circulation flux, kg/m’s Qann - annulus area fraction

g ! gravity acceleration, m/s Geor - coOre area fraction

H : total height of riser, m €, : bubble volume fraction

Ha : height of dense bed, m £s ' solid volume fraction

h : height, m €ann - annulus solid volume fraction

K, :bubble gas exchange coefficient, 1/s €. © core solid volume fraction

Kay © attrition constant, €54 : solid volume fraction in dense bed
Nnozzle - number of nozzles in fluidization, €smt: solids volume fraction at minimum
AP : pressure drop, Pa fluidization

R :riser hydraulic radius, m €. | solids volume fraction at infinite height
t time, s N total cyclone separation efficiency

uwo : superficial gas velocity, m/s Nnp : cyclone separation efficiency in entrance
up, : bubble rising velocity, m/s nj eddy separation efficiency

ug : gas velocity, m/s Meary® actual solid load in gas

Umf © minimum fluidization velocity, m/s Uermx mMaximum carrying ratio

Usann - sOlid down velocity in annulus, m/s
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Table 1 Properties of bed materials
Properties Value
Mean diameter(um) 197
Superficial density(g/cm®) 19
True density(g/cm®) 25
Minimum fluidization 0.92
velocity(cm/s)" )
Terminal velocity(m/s)* 2.31

*by Haider & Levenspiel(1991)’'s method[9]
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Table 2 Models used in IEA-CFBC code

Dense region
® Bubble diameter : Darton[13]

(u —u )0.4 A 0.8
— %o “mpf
d,=0.51- o (h+4\/ nw) @

¢ Bubble fraction : Johnsson[14]

1

5= 1.3 Zos
1+ (uyg—u
;T @)

£

where,

f=0.24[1.1+2.9exp (=330 - d)I[0.15+ (uy—u 0] ~%

* Height of dense bed region : Wen & Chen[15], Kunii & Levenspiel[16]

AP H'Hd
m—e saHat fo [esut(e o= € ulexp(—al)ldh (4)
a* uy= constant 5)

Dilute region
® Core-annulus area fraction : Seiter[17], Rhodes[18]
Area balance : e, A=¢ 4, Uy A+ € syn Uunn A
Mass balance : GA=u, (1 — €,,) A0, U 4unl — € 1) AOL

Solid volume fraction in annulus : & ,,, > 2&,07 or € €

s, ann = s, mf
Area fractions of core and annulus @ @,,,=1—a,, ®)
G
€7 us
Core area fraction : @ ,,=1— ” {
s, ann
ss.ann(l + U ¢ cor )
Particle size distribution : Merrick & Highley[19]
dd B
b S o, "
Cyclone separation efficiency : Krambrock[20]
7 =7+ ey ", ®)

H crme

Gas flow : Johnsson[14], Kruse[21]
u=u L1 —e) +(u,+u,e,

9

f/b _ Au,md,\Vh —4 Upy

Kb: Vb ﬂ'd%,Vh a db

Pe= 2—21‘)55 = constant 10
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Table 3 Boundary Conditions for calculation

Conditions
Zone .| Solid
(Name) Type Velocity volume
(m/s) .
fraction
Primary air | Velocity inlet| 2.78 0.2
Jvalve |G olocity inlet| 0185 | 02
fluidizing air| ' C oo et '
Outlet Pressure - 0.001

H00)% 2ok aey 9% NATFE
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H X

(o]
A
o

32 CFD Al =d 2 X ol 2hd 4]
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Axte} EAAE 47 H L4 12349 A1A
d FVYEE 1228kg/m’elx 2a44e nAY
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2500kg/m’0] &= A tHTable 1).

< Riser lower >

Fig. 3 3-D mesh generation of CFB
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