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bstract

Experimental study on the maximum spoutable bed height of a spout-fluid bed (cross-section of 0.3 m × 0.03 m and height of 2 m) packed with
eldart group D particles has been carried out. The effects of particle size, spout nozzle size and fluidizing gas flow rate on the maximum spoutable
ed height were studied. Experimental data were compared to some published experiments and predictions. The results show that the maximum
poutable bed height of spout-fluid bed decreases with increasing particle size and spout nozzle size, which appears the same trend to that of
pouted beds. The increasing of fluidizing gas flow rate leads to a sharply decrease in the maximum spoutable bed height. The existent correlations
f the maximum spoutable bed height in the literature were observed to involve large discrepancies. Additionally, the flow characteristics when

ed materials deeper than the maximum spoutable height were summarized. Under this condition, the spout-fluid bed operated without a stable and
oherent spout or fountain assembles the characteristics of jetting fluidized bed. Besides, the mechanisms of spout termination were investigated.
t was found that slugging in the spout and growth of instabilities would cause the spout termination in spout-fluid bed.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Spout-fluid bed is one of the modifications of conventional
pouted bed, to reduce some of the limitations of spouted bed by
ntroducing fluidizing gas through a porous or perforated distrib-
tor surrounding the central nozzle. The fluidizing gas increases
he fluid–solid contact in the annular regions and reduces the
ikelihood of particle agglomeration, dead zones and sticking to
he wall of the vessel [1,2].

Recognized as a versatile gas–solid reactor, spout-fluid beds
ave been of increasing interest in the petrochemical, chemi-
al and metallurgic industries. Many valuable experimental and
heoretical studies (e.g. [1–23]) have been carried out in the
ast twenties years. For example, the group at University of
ritish Columbia (UBC) of Canada have had a very significant

ole in the effort to understand and apply spout-fluid beds (e.g.

1,2,5,7,11,12]); in Southeast University (SEU) of China, stud-
es on the complex hydrodynamic characteristics and chemical
eactions in spout-fluid beds are being performed (e.g. [13–23]),
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n order to develop the spout-fluid beds for various applications
uch as desulfurization, CO2 capture, combustion and gasifica-
ion of coal and biomass. However, the spout-fluid bed technique
as difficulty in being applied in larger-scale industrial process
ow due to some limitations, one of which is the lack of full
nowledge on the hydrodynamic characteristics.

The maximum spoutable bed height is an important charac-
eristic in the design, operating and scale-up of both spouted beds
nd spout-fluid beds, because it is directly related to the amount
f materials that can be process, beyond which the spout termi-
ates [24]. However, there has been little published information
6,8] concerning such a characteristic of spout-fluid beds so
ar, many investigations [25–39] paid attention to spouted beds.
he maximum spoutable bed height of spout-fluid is still not
ompletely unveiled. For example, what is the character of the
aximum spoutable bed height of spout-fluid bed? Is it similar

o a conventional spouted bed? How the fluidizing gas influences
he maximum spoutable bed height of spout-fluid bed? What is
he gas–solid flow behaviors if the bed material larger than max-

mum spoutable bed height? Moreover, what the mechanism of
pout termination in spout-fluid bed would be? In order to answer
hese interesting questions, experimental as well as theoretical
pproaches are needed.

mailto:wqzhong@seu.edu.cn
dx.doi.org/10.1016/j.cej.2006.08.021
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Nomenclature

A dimensionless parameters in Ref. [32],
A = Remf Ret dp/Ar Di

Ar Archimedes number
dp particle diameter (m)
Di spout nozzle diameter or width (m)
Dt bed diameter or width (m)
f sampling frequency (Hz)
h ratio of maximum spoutable bed height with flu-

idizing gas to without fluidizing gas
H bed height (m)
Hm maximum spoutable bed height (m)
H0 static bed height (m)
Qf fluidizing gas flow rate (m3/s)
Qmf minimum fluidizing gas flow rate (m3/s)
Qs spouting gas flow rate (m3/s)
t pressure time series sampling time (s)
umf minimum fluidizing gas velocity (m/s)
ut particle terminal velocity (m/s)

Greek letters
�t time interval between successive frames (s)
δ relative deviation of particle diameter (%)
ε particles bulk voidage
θ angle of column base (◦)
ρg gas density (kg/m3)
ρp particle density (kg/m3)
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Fig. 1. Schematic diagram of spout-fluid bed experimental system. (1) Computer; (2
roots-type blower; (5) differential pressure sensor; (6) flow meter; (7) fluidization flux
gas distributor; (12) fluidzing gas chamber; (13) floodlight; (14) digital CCD.
ing Journal 124 (2006) 55–62

In the present work, experiments were carried out on the
aximum spoutable bed height in a rectangular spout-fluid bed.

t mainly focused on discussing the above-mentioned questions.

. Experiments

.1. Experimental system

The spout-fluid bed experimental system is schematically
hown in Fig. 1. This system consists of a spout-fluid bed col-
mn, a gas supply system and some sampling instruments. The
olumn has a cross-section of 300 mm × 30 mm and a height of
000 mm. It was made of 8 mm thick Plexiglas. The area of the
pout nozzle is 30 mm × 30 mm (the slot width can be adjusted).

conical gas distributor with a 60◦ inclination angle is located
t the bottom of the bed. The orifices in the air distributor are
mm in diameter, and the total area of all orifices is 1.1% of the
as distributor.

A Roots-type blower supplied the spouting gas and the flu-
dizing gas. A pressure-reducing valve was installed to avoid
ressure oscillations and achieve a steady gas flow. The gas
ow rates were measured by two flow meters. The spouting gas
ntered the bed directly through the spout nozzle. The fluidizing
as was divided into two equal fluxes by a flux distributor before
owing into the gas chamber, and then entered the bed via the
rifices in the gas distributor.
Pressure fluctuations in the bed were obtained by a multi-
hannel differential pressure signal sampling system. There were
fteen pressure-measuring holes located on the back wall of the
olumn, some in the spout and some in the annular dense regions,

) A/D converter; (3) multi-channel differential pressure signal transmitter; (4)
distributor; (8) material adding tank; (9) pressure port; (10) spout nozzle; (11)
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Table 1
Experimental and sampling conditions

H0 (mm) 300–550
Qs (m3/s) 0–0.08
Qf (m3/s) 0–0.04
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of particle size on Hm of spout-fluid bed decreases with increas-
ing dp, which displays the same tendency to those of spouted
beds.
(Hz) 100
(s) 180

t heights of 160, 245, 400, 600, 700, and 800 and 1000 mm
bove the bottom of the bed. Every differential pressure sen-
or has two ports, one was connected to the pressure-measuring
ole in the column wall, and the other was connected to a fluidiz-
ng gas chamber. The differential pressures were measured and
hen converted into voltage signals by multi-channel differential
ressure signal transmitter with a scale of 0–16 kPa. The volt-
ge signals were sent to a computer through an A/D converter. A
igital camera (Nikon 5000) and a digital video recorder (Sony
CR-PC330E) were employed to photograph the flow regimes

hrough the transparent wall during the experiments. Two groups
f 2000 W floodlights were used to enhance the photo definition
hen photographing.

.2. Operating conditions

Experimental and sampling conditions and particle properties
tudied in the present work are summarized in Tables 1 and 2,
espectively.

.3. Determination of Hm

In spouted beds, the maximum bed Hm was determined by
dding amounts of particles stepwise until stable spouting could
ot be achieved for any spouting gas velocity, which was also
e called spout termination [24]. However, spouting in spout-
uid beds is somewhat different from that in spouted beds. Very
table and coherent spouting is difficult to achieve due to the
arger porosity in the annular region and large bubbles in the
ed surface by introducing the fluidizing gas. Spouting in the
pout-fluid bed is periodic and incoherent [16]. Similar to Dogan
t al. [36,38] and Freitas et al. [37], in our previous publication
19,20] and present work, we did not consider the periodic and
ncoherent spouting to be the spout termination, but rather a
ode of spouting. Hm was determined by adding amounts of
articles stepwise until periodic and incoherent spouting could
ot be achieved for any spouting gas velocity at certain fluidizing
as flow rate.

able 2
article properties

articles dp (mm) δ (%) ρs (kg/m3) ε umf (m/s)

ung beans 3.2 10.3 1640 0.42 1.07
olystyrene beads 2.8 12.1 1018 0.41 0.82
illet 1.6 8.4 1330 0.40 0.58
lass beads A 1.3 5.2 2600 0.38 0.62
lass beads B 1.8 5.2 2600 0.39 1.13
lass beads C 2.3 5.2 2600 0.40 1.48
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. Results and discussion

.1. Experimental data of Hm

.1.1. Effect of particle size
The maximum spoutable bed height Hm with respect to par-

icle size has been reported by several investigations. Mathur
nd Epstein [24] indicated that Hm increases with particle size
p up to a limit and then decreases, the critical particle size
ommonly ranges from 1.0 to 1.5 mm for the columns in differ-
nt diameters. This tendency was demonstrated by later studies
25–27]. In anther study, Rovero et al. [28] indicated that Hm
ncreased when the particle diameter was increased from 0.3
o 0.45 mm in an 80 mm diameter flat-based column, and then

m decreased when the particle diameter was increased from
.65 to 1.24 mm. The results of Chandnani and Epstein [30]
howed that Hm increased as the particles size was increased
rom 0.40 to 0.71 mm, and then decreased. These studies on
pouted beds showed that Hm of spouted beds decreases with
ncreasing particle size for coarse particles. This trend of the

aximum spoutable bed height respect to particle size can also
e seen in the previous reports by Grbavcic et al. [8], Cecen [31],
ogan et al. [36] and Freitas et al. [37].
The effect of particle size on the maximum spoutable bed

eight Hm of present spout-fluid bed and some spouted beds
n the literature are presented in Fig. 2. The density of parti-
les in Fig. 2 is in the range of 2400–2600 kg/m3. The data
ere obtained in the columns with different geometries, thus the
imensionless parameters Hm/Dt and dp/Dt were used, where,
t is the diameter of cylindrical column or the width of rectan-
ular column. The present experimental data show that the effect
ig. 2. Effect of particle size on the maximum spoutable bed heights of
resent spout-fluid bed and some spouted beds in the literature: (1) spout-
uid bed, Di = 20 mm, Dt = 300 mm, 60◦ cone base, uf/umf = 0; (2) spout-fluid
ed, Di = 20 mm, Dt = 300 mm, 60◦ cone base, uf/umf = 0.69; (3) half cylindrical
pout-fluid bed, Di = 25 mm, Dt = 144 mm, flat base, uf/umf = 0; (4) cylindrical
pouted bed, Di = 6 mm, Dt = 80 mm, 40◦ cone base; (5) rectangular spouted
ed, Di = 20 mm, Dt = 150 mm, 60◦ cone base; (6) rectangular spouted bed,

i = 2 mm, Dt = 150 mm, 60◦ cone base.
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Fig. 3. Effect of spout nozzle size on the maximum spoutable bed heights
of present spout-fluid bed and some spouted beds in the literature: (1) spout-
fluid bed, dp = 1.3 mm, Dt = 300 mm, 60◦ cone base, uf/umf = 0; (2) spout-fluid
bed, dp = 1.3 mm, Dt = 300 mm, 60◦ cone base, uf/umf = 0.69; (3) cylindrical
spouted bed, dp = 0.40 mm, Dt = 152 mm, 60◦ cone base; (4) half cylindri-
cal spouted bed, dp = 0.65–1.3 mm, Dt = 152.4 mm, flat base; (5) rectangular
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of fluidizing gas flow rate, which might lead to errors. As illus-
trated in Fig. 5, the fluidizing gas takes great effect on Hm. Rao
et al. [6] and Grbavcic et al. [8] developed the correlations to
modify the effect of fluidizing gas flow tare on Hm, while the
pouted bed, dp = 0.86 mm, Dt = 150 mm, 60◦ cone base; (6) rectangular spouted
ed, dp = 1.44 mm, Dt = 150 mm, 60◦ cone base; (7) rectangular spouted bed,

p = 0.86 mm, Dt = 150 mm, 60◦ cone base.

.1.2. Effect of spout nozzle size
Fig. 3 shows the effect of spout nozzle size on the maxi-

um spoutable bed heights of present spout-fluid bed and some
pouted beds in the literature. It can be seen that Hm of spout-
uid bed deceases with increasing spout nozzle diameter without
eference to the introduction of fluidizing gas.

In the literature, Littman et al. [26] specially studied the
ffect of spout nozzle diameter on Hm and demonstrated that
m deceased with increasing spout nozzle diameter. Same ten-
ency has been observed by later investigations (e.g. [30,31,37]).
ogan et al. [36] indicated that Hm increased from the 2 mm

pout nozzle width (Di/Dt = 0.013) to the 6mm spout nozzle
idth (Di/Dt = 0.04) and then decreases with spout nozzle width,

s presented in Fig. 3. Nevertheless, Dogan et al. [38] in their
ater publication showed that Hm increased slightly with increas-
ng spout nozzle size. According to the above review, we can
raw a generally conclusion that Hm of spouted beds might
ecease with increasing spout nozzle size. In this sense, it is
ound that the effect of spout nozzle size on Hm of spout-fluid
ed shares the same tendency to those of spouted beds.

.1.3. Effect of fluidizing gas flow rate
There has been little investigation [6,8] on the maximum

poutable height Hm of a spout-fluid bed, especially the discus-
ion on the effect of fluidizing gas flow rate on Hm so far. Rao
t al. [6] theoretically studied Hm of a spout-fluid bed under the
ondition that normal spouting was accompanied by additional
eration but no fluidization of the annulus. Their experiments
howed that Hm decreases with increasing fluidizing gas flow
ate. Grbavcic et al. [8] studied Hm of a flat base spout-fluid bed

t minimum spout-fluidizing flow rate and obtained the same
esults. These studies were carried out at a narrow rage of fluidiz-
ng gas flow rate (less than minimum fluidizing gas flow rate).
owever, previous work [17,19,20] illustrated that spouting and

F
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pout-fluidizing could also be observed when the fluidizing gas
ow rate is larger than the minimum fluidization condition.

Fig. 3 presents the effect of fluidizing gas flow rate on the
aximum spoutable bed height under different bed geometries

nd operating conditions. In which, h is the ratio of maximum
poutable bed height with fluidizing gas to without fluidizing
as. It can be seen that the maximum spoutable bed height
ecreases with fluidizing gas flow rate. This appears a simi-
ar tendency to the previous work by Rao et al. [6] for 60◦ cone
ase half column and Grbavcic et al. [8] for flat base full column.
his result indicates that the spoutable bed height decreases with
uidizing gas flow rate without reference to bed geometry and
perating condition.

.2. Verification of existent Hm correlations

The prediction of the maximum spoutable height Hm is
mportant for successful reactor design. Some correlations of Hm
ave been proposed in the literature. They are listed in Table 3.

A comparison of our present experimental results with the
rediction calculated by these correlations is shown in Fig. 4.
he results show that the present predictions are not in satisfied
greement with the present experimental results. The correlation
f Littman et al. [26] overestimates of the Hm with a deviation
etween 50% and 75%, while the correlations of Passos et al.
32] and Dogan et al. [38] underestimates of the Hm with a devi-
tion between 25% and 60%. Most of the predictions calculated
y the correlations of McNab and Bridgwater [27] and Cecen
31] are in agreement with the present experimental data with a
eviation within 25%, but some of the predictions have relatively
arge deviation that is in the range of 25–50%.

The deviations might attribute to the following reasons. The
redictions fall outside the range where the correlations are said
o be valid. Besides, these correlations did not involve the effect
ig. 4. Comparison of present experimental results with the prediction calcu-
ated by the correlations of Hm in the literature.
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Table 3
Correlations of Hm in the literature

Author Correlation

McNab and Bridgewater [27] Hm
Dt

= Dt
dp

(
Dt
Di

)2/3 700
Ar

(√
1 + 35.9 × 10−6Ar − 1

)2

Littman et al. [26] Hm
Dt

= Dt
Di

[
0.218 + 0.005

(
ρp−ρg

ρg

gDi

umfut

)]

Passos et al. [32] Hm
Dt

= 0.605 + 6.21×10−2

A
− 2.9×10−3

A2

Cecen [31] Hm
Dt

= 0.99
(

ρp−ρg
ρg

gDi

umfut

)
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ogan et al. [39]

redictions still involve large discrepancies. As a result, these
orrelations cannot be used to predict Hm of the present spout-
uid bed.

The above discussion indicates that particle size, spout nozzle
iameter and fluidizing gas flow rate take effect on the maximum
poutable bed height of spout-fluid beds. Besides, parameters
s bed density, angle of the contactor base, the ratio between
nlet diameter and particle diameter, configuration of the flu-
dizing gas distributor should be considered in the development
f a correlation. Moreover, for the spout-fluid bed gasification,
he effects of pressure and tempura on the maximum spoutable
ed height should also be considered. However, the present
ork is not able to perform this valuable step since experiments

over larger range of bed geometry and operating condition are
eeded.

.3. Flow behaviors when bed materials beyond Hm

Spout-fluid beds can be developed for various applications.
enerally, the bed height is controlled within the maximum

poutable bed height Hm in order to form stable spouts for dry-
ng, combustion, tablet coating and etc. Besides, spout-fluid beds
re also operated at the bed height larger than Hm for special

nterest, for example coal gasification [22,23,40].

Coal gasification in the spout-fluid bed is similar to the U-
as or Westinghouse processes. In addition to injecting a part of
asification agent through the central nozzle, gasification agent

ig. 5. Effect of fluidizing gas flow rate on the maximum spoutable bed height.

(

(

Hm
Dt

= 1.5
D0.21

i
Dt

θ−0.25

s also introduced through a porous or perforated distributor
urrounding the central nozzle. Combustion mainly occurs in
he center spout jet region and gasification mainly processes
n the annular dense region [22,23]. In this process, spouting
hould be avoided. The spout-fluid bed coal gasifier should be
perated in the flow pattern of “internal jet” or “jet in fluidized
ed with bubbling”, had better in the flow pattern of “jet in
uidized bed with bubbling” [20]. Operation in this flow pattern
an prolong the resident time of steam and air in the bed, making
t uneasy for much steam and air to pass through the bed and
asted. This can enhance the gas and particle mixing between

he spout region and the annular dense region [17], obtaining
ore uniform axial temperature profiles in order to improve the

asification efficiency. Thus, knowledge of flow characteristics
t bed material larger than Hm is essentially important for special
nterest in applying the spout-fluid bed technology.

Refs. [14–20] sporadically treated of the flow behaviors when
articles in bed larger than Hm. based on the previous and current
tudies, the flow behaviors under this condition can be grouped
nto some items as flows.

1) Stable and coherent spout or fountain is unable to be
obtained. Periodic and incoherent spouting and spout-
fluidizing can be observed at certain spouting and fluidizing
gas flow rates [16,19,20]. However, in most cases, the spout
is nonperiodic and incoherent with larger bubbles at the
spout top. According to the definition of spout termination,
this case is spout termination.

2) Relatively stable flow pattern of “jet in fluidized bed with
slugging” can form. This flow pattern, as shown in Fig. 6, is
very interesting for coal gasification. In this case, the spout-
ing gas flow rate is generally less than minimum spouting
gas flow rate. In practice, a pilot-scale 2 MWt spout-fluid
bed coal gasifier (Dt = 0.45 m) in SEU of China has been
successfully operated in the stable flow pattern of “jet in flu-
idized bed with slugging” at the initial bed height H0 = 3.6 m
(H0/Dt = 8, is over double of Hm, generally Hm/Dt is within
4.0) [22].

3) Compared to the case when the bed material is within the

maximum spoutable bed height, the region of stable flow
pattern is narrow. Flow instabilities will form at large gas
flow rates especially large fluidizing gas flow rate, as shown
in Fig. 7.
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Fig. 6. Typical flow pattern images of jet in fluidized bed with bubbling (JFB):
(a) polystyrene beads, H /D = 1.78, D = 30 mm, Q /Q = 0.64, Q Q = 3.20;
(
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b) polystyrene beads, H0/Dt = 1.67, Di = 30 mm, Qf/Qmf = 1.25, Qs/Qmf = 2.80;
c) polystyrene beads, H0/Dt = 1.78, Di = 30 mm, Qf/Qmf = 0.39, Qs/Qmf = 3.20.

ummarily, when the particles in the bed larger than the
aximum spoutable bed height is performed, the spout-fluid

ed operated without a stable and coherent spout or fountain
ndoubtedly assembles the characteristics of jetting fluidized
eds proposed in detail by Refs. [41–44].

The above discussion also implies that it is not absolutely
ight to think that the maximum spoutable bed height is directly
elated to the amount of materials that can be processed. Since
pout-fluid beds can also be operated at the bed height larger

han the maximum spoutable bed height for special interest such
s gasification. However, knowledge of the maximum spoutable
ed height and the flow behaviors when the bed material is larger

o
m
o

ig. 7. Typical flow pattern images of spout termination: (a) mung beans, H0/D

i = 20 mm, Qf/Qmf = 2.46, Qs/Qmf = 2.0; (c) polystyrene beads, H0/Dt = 1.78,

f/Qmf = 2.15, Qs/Qmf = 4.0; (e) H0/Dt = 1.78, Di = 30 mm, Qf/Qmf = 1.71, Qs/Qmf = 3
ing Journal 124 (2006) 55–62

han the maximum spoutable bed height plays an important role
n the design and application of spout-fluid beds.

.4. Mechanism of spout termination

The mechanisms of spout termination in spouted beds have
een reviewed and grouped into three different types when bed
eights are larger than Hm by Mathur and Epstein [24]. They are:
uidization of the annular particles, choking of the spout and
rowth of instabilities at spout–annulus interface. The mecha-
ism of spout termination in the spout-fluid bed has not been
larified so far. However, the following discussion might be
elpful.

By analyzing of the flow pattern images recorded by digital
CD camera frame by frame, the mechanisms of spout termi-
ation in the spout-fluid bed is found to be slugging in the spout
nd growth of instabilities at the spout–annulus interface.

Chocking of the spout is not the mechanism of spout ter-
ination due to the introduction of fluidizing gas into the bed,

ince the fluidizing gas would loosen the bed materials and ben-
fit the spout jet to penetrate the bed [15,42,43]. However, on
he other hand, the fluidizing gas easily dissipates the spouting
as momentum as the spout jet ascends in the bed, and large
ubbles easily form in the upper region of the bed [43,45,46].
n this case, stable spouting is difficult to obtain even at large
pouting gas flow rate. Instead, slugging caused by larger bub-
les accompanied with growth of instabilities at spout–annulus
nterface caused by stochastic visible large bubbles in the bound-
ry of spout jet and near the fluidizing gas distributor [20], as
hown in Fig. 8.

Fluidization of the annular particles is also not the mechanism
f spout termination in the spout-fluid bed. The particles in the
ut reference to bed height. When the bed material is within the
aximum spoutable bed height, relatively stable flow patterns

f spouting and spout-fluidizing can be achieved. At the same

t = 1.67, Di = 20 mm, Qf/Qmf = 2.20, Qs/Qmf = 1.80; (b) millet, H0/Dt = 1.67,
Di = 30 mm, Qf/Qmf = 1.75, Qs/Qmf = 3.60; (d) H0/Dt = 1.78, Di = 30 mm,
.20.
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ig. 8. Typical flow pattern images of spout termination recorded by CCD ca

s/Qmf = 4.0.

ime, the differential pressure signals show that particles in the
nnular region are fluidized. Though spout termination is found
hen the bed material is larger than the maximum spoutable bed
eight, it should not consider fluidization of the annular particles
o be the mechanism of spout termination in the spout-fluid bed.

Thus, the present experiments consider that the mechanisms
f spout termination in the spout-fluid bed should be slugging
n the spout and growth of instabilities at the spout–annulus
nterface.

. Conclusions

Maximum spoutable bed heights Hm of a spout-fluid bed
acked with six kinds of Geldart group D particles were studied.
he effects of particle size, spout nozzle size and fluidizing gas
ow rate on the maximum spoutable bed height were obtained.
esides, the flow characteristics when bed materials deeper

han the maximum spoutable height were presented and the
echanisms of spout termination were discussed. The following

onclusions were obtained.

1) The maximum spoutable bed height of spout-fluid bed
decreases with increasing particle size and spout nozzle size,
which appears the same trend to that of spouted beds.

2) The increasing of fluidizing gas flow rate leads to sharply
decrease in the maximum spoutable bed height.

3) The existent correlations of the maximum spoutable bed
height are observed to involve large discrepancies.
4) When bed materials larger than the maximum spoutable bed
height are performed, the spout-fluid bed operated without
a stable and coherent spout or fountain undoubtedly assem-
bles the characteristics of jetting fluidized beds.
at �t = 0.125 s: polystyrene beads, H0/Dt = 1.78, Di = 30 mm, Qf/Qmf = 2.15,

5) The maximum spoutable bed height is not directly related to
the amount of materials that can be processed, since spout-
fluid beds can also be operated at the bed height larger than
the maximum spoutable bed height for special interest.

6) Slugging in the spout and growth of instabilities at the
spout–annulus interface would cause the spout termination
in spout-fluid bed.
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