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' Velocity range

“Regitne

0< U< Uy
Umf<U<.Umb

Upp < U < Uy

Ups <U< U,

U, <U<U,

Uy,<Uand .
max(Veg, Vees Ve) <
U< VC/I

Vea<U

Fixed bed:

BubbleQF}ee
fluidization

B

Bubbling
fluidization

Slugging .
fluidization

Turbulent,
fluidization

Fast fluidization

Dilute-phase
transport

Particles are stationary;

‘gas fiows:through-.
“interstices S

' Bed expands smoothly and uniformly; top surface

is well defined; some small-scale particle motion;
little tendency for particles to aggregate; very
little pressure fluctuation

Voids form near the distributor, grow mostly by
coalescence, and rise to the surface; top surfaceis
well defined with bubbles breaking through
periodically; irregular pressure fluctuations of
appreciable amplitude. Bubble size increases as
U increases

‘Voids fill most of the column cross-section; top

surface rises.and collapses periodically with a
reasonably regular frequency; large and regular
pressure fluctuations - :

Small voids and particle clusters dart 10 and fro;
top surface difficult to distinguish; small
amplitude pressure fluctuations only

No distinguishable upper bed surface; particles
are transported out at.the top and must be
replaced by adding solids near the bottom.
Clusters or strands of particles move downward,
mostly near the wall, while gas and entrained
widely dispersed particles move upward in the
interior. Increasingly dilute as U is increased at a
fixed solid feed rate :

No axial variation of solids concentration except
in the bottom acceleration section. Some particle
strands may still be identified near the wall -

(Lippens and Mulder, 1993). Grace (1982
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Figure 1.4 Flow regime maﬁ for ‘gas—solids fluidization. Heavy lines indicate transition
velocities, while the shaded region is the typical operating range of bubbling fluidized beds (Bi
: ‘and Grace, 1995b).
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. Ve transitions
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Figure 1.6 Flow chart showmg regime transxtlons in circulating ﬂUIdIZCd beds and transport
risers with decreasmg gas flow (Bi ez al.,.1993). .
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Table 1.5 Key characteristics of the turbulent fluidization, fast fluidization and dilute phase
transport regimes

Characteristic Turbulent Fast Dilute-phase
fluidization fluidization transport

Gas velocity range U<U<u, [w < L < Vey Vea<U<V,,

Solids flux range G, <G,y G, > Gyey G, < Gy

Overall voidage e=0.6-0.8 e=0.8-098 €>0.98

Axial voidage gradients High High Low

Radial voidage gradients Moderate High Low to moderate

Gas—solids slip velocity Low High Low

Particle backmixing High High Low
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Nomenclature
Ar Archimedes number, p(p,—p,) d,’g/ 1,
D column diameter, m

dz: mean particle diameter, um



d’; dimensionless particle diameter, (= Ar'”®)
g acceleration due to gravity, m/s

Gs solids net circulation rate, kg/mzs

Re Reynolds number, p ,Ud,/u,

U superficial gas velocity, m/s

Us dimensionless superficial velocity, (= Re/Ar”3)
Vi transition velocity in transport lines

Vi dimensionless net superficial gas velocity
v particle velocity, m/s

e voidage

n, gas viscosity, kg/m.s

Py gas density, kg/m®

D, particle density, kg/m®

Subscripts

C transition from bubbling to turbulent fluidization
CA type A or accumulative choking

CB type B or blower-induced choking

cC type C or classical choking

mb minimum bubbling

mf minimum fluidization

ms minimum slugging

se onset of significant solids entrainment

t terminal settling of single particles
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