Chapter 2

Particle Size Classification by Fluidization

2.1 Characteristic of Fluid W&/
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or dense phase and freeb lean ‘as Shown in Figure 2.1. In the

Consider a particle moving upwﬁy, ant gas velocity, it will develop

drag force during mcﬂ_;ment until the‘ and buoyant force are

counter-balanced witlr# pvewith constant velocity,
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could reath and fall back in freeboard zone depends upon its size and density.
The upper boundary where falling back of particle doés not occur is called the
transport disengaging height (TDH). Above this boundary, only fine particles
whose superficial velocity is in excess of their terminal Qelocity are carried out

from the system, as shown in Figure 2.3 (5).
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Figure 2.2 Schematic illustration of terms employed in the removal of
solids from a bed
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Figure 2.3 Upward and downward movement of particles according to
their size in the freeboard zone '




A thorough examination of freeboard phenomena suggested that particle
separation could be done either by collection of particles at different levels in
this zone, or by removing particles of desired size range provided the

freeboard zone is designed to be high enough along together with controlled

2.2.1 Early D
The earliest ion above TDH was
proposed by Leva (8), ig first order equation
(2.1)
where Wij is the weight of pagficle sizein £ e and k is the elutriation velocity
constant.
In 1955, Yaki
(2.2)

where Ejo is the elutriation.rate constant is independent of bed height. In
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particle remcumn g in the bed, W, afid bed crossssection area, Ag,s were treated

s conshl Nubon 11 ) kol il sk G 5
(W) X - BX @3)
According to the authors, elutriation rate constant is independent of fine
concentration up to 25 % based on the above equation.
The equation of Yaki and Aochi is widely accepted and many empirical

correlations were reported for determining the elutriation rate constant, as seen



in Table 2.1. Dimensionless groups were used to relate Ejoo with system
parameters, however, the application of these correlations are limited to the
experimental conditions.

Correlation other than first order rate equation was also published by
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move gwﬁ '] a&nimumqgm ﬂﬁﬁz& phase 3 at
any level is proportional to the solid concentration in phase 2 at that level.
By using mass balance on each phase and sdlving the equations with
boundary conditions, the following correlation is obtained

1-F/F,

e U = - e-aH
T FIr 1+ (2.5)
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Figure 2.4 Schematic representation model for elutriation and entrainment
from fluidized beds, according to Kunii and Levenspiel (11)
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where
Fo _ (1+ u/uz)(K/K")
Fo 1+(1+ u2/u3)(K/K*)
K* K
a o ry [1-C1+ %‘)'K—»? ]

K and K* are rate coefficients, for | #}ngsc 2 and phase 3 to phase 1,

and for transfer from phase , Fo 1is the flow rate of
| —

solids projected from th flow rate corrcsponding‘

to the saturation capaci md H is the freeboard

, much solid is projected

\
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height. Assuming that f

from and returns to the

W

F ) (2.6)
Combining equations 2.6 ¢ 27wl iy elutriation constant in terms of
the model parameters. 723
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where F;jis the total elutriation rate of particle size i, a is constant ranging from
3.5-6.4 m™1, practically value of 4.0 m1is used. H is height above fluidized bed.
‘The total entrainment rate at bed surface, Foj, is determined from

‘erupting bubble diameter at bed surface, Dy, and the excess gas velocity U-Upy.

Ll

3.5 0.5
= e 2.5
AcDyp = 3.07x107 u2.5 (U - Ump) 2.9)




[

where U is the superficial gas velocity. Entrainment of particle size dpi at bed

surface, Foj, can be approximated by equation similar to Henry's Law as

Foi = FoXj (2.10)

Dp can be calculated from empirical equation of Mori and Wen (15):

V /)/D) (2.11)

12 2.12)

w.. ¢, of distributor plate, for

o mf) ]2/5 2.13)

where N is total numbg

Another cor 5 for calculating Dy, is

equation of Cranfield arm Geldart (16). It 1s not dlscussﬂhcre since in this study

the flow regime Aﬂvﬂﬁﬂrﬂ ﬁﬁ The minimum
~ fluidized velocit y nd Yu equatlon (17), which
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where Repr = Umfdgplpg
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and Gy = QrﬁPg(ﬁg Pe)g
g

Fei in equation 2.9 is the elutriation rate as in equation 2.3.

Elutriation rate constant, Ej.., is calculated as follows:
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B = ps(1-¢€) (U-Up (2.15)
. AU - Up2 1-a/4.7)
g =- I —an ] (2.16)
N g 1502 s Rea £
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dpi PG D, Rep>2.38/D)
here
where €; is the voidage of finespalia freebc 1 !\ the friction coefficient
due to the bouncing o c 4 pauficle- t wallland against each other.
Postulation of these corrglati J basedon tha artxcles of a single size
are elutriated above TDEL W 7 ationy,ca  : ng cap cxty of the gas stream
under pneumatic transpoic ftiofs is" ached, The rate of elutriation from a
bed composed of a single-§ be viewed as independent of a
hydrodynamics prevailing insid
The smgl 2o m;u__:______—--_-_—_—_ﬂ, he determined (19) by
Stokes' law m ﬂ
: ‘
ﬂ(:ﬁé'wﬂ g}lg Re < 0.4 (2.18)
or Intermediate Jay ﬂ ﬂ j w El’] ﬂ ‘j
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or Newton's law

[ 3.1 (ps - poledpi ]1/2 . 500 < Re < 200,000  (2.20)
Pg

pg (U - Up dpi
Hg

U

here Re =
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Wen and Chen compared their model with a wide range of previously
reported results and found that it was well-fitted with these data. They stated
that data employed to correlate the elutriation rate constants are based primarily

on experiments utilizing air at room temperature, yet the application of the

eratures should be done very

cautiously. The range of applica ity st eed the following limits :
— 4

Furthermore, this '.-..:_-,.;. based on the results of one-species bed
Lok
mo! nj€ntal data used for this

———— — -

Y ‘

correlation were V oarse and fine particles.

(system of one-kind particl

Operation dealing with'particles of more than one specicﬂr multimodal in size, the

"3
sl may o @YU AR GRS o gy v the i

kinds of particle§lare absent.
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elutriatio“x rate above TDH, Fgj, is small when compared with the entrainment rate

at bed surface, Fo. So Fgi can be neglected and the equation is reduced to

Fi, =  Foedl (2.21)
On the other hand, for small particles the entrainment rate is approximately equal

to the elutriation rate above TDH, thus,

Fi = Fa (2.22)
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2.3 Multi-Size, One-Kind Powder Bed
In 1951, Osberg and Charlesworth (20) had suggested that elutriation
curves bend when more than one size particles are being elutriated. In the study on

batch operation of multi-size one-kind powder bed in 1968, Hanesian and Rankell

(21) found that the elutriation curves dev rom linear relation on log-normal
plot, as seen in Figure 2.5. They describe aracteristics as

1 -J
7}% = eDekt ‘ (2.23)
where k1 and kj repres Trate con contributed by coarser and
finer particles, respectivel a that " the omena would result from
the fact that fine parti ibute relatively more'to the elutriation rate at the
beginning of the proc€ss 3\%& _‘ ractions. Thus as elutriation
continues, the bed becormies e:;)l;ai"cw'&J theufiner sizes and the elutriation then

corresponds to that of coarse sizes E
Y

2.4 Two-Kind Powder B A
In 1979, Geldm et al. (22) reported that in tﬂabsence of fines a bed

of coarse parti ﬁﬁﬁﬁ Tﬁﬂﬁ%ﬂ? ]rp] m 1 falling velocity
of particles s ed no elutriatién; but when fine particles were added |
: ¢ a /
W TN dol s T d B TR ™
the colunfin and out into the cyclones. This was attributed to particle-particle

interactions in the freeboard rather than to changes within the bed itself, and thus

equation of Wen and Chen could not apply in this case.

2.5 Transport Disengagement Height (TDH)
If is interesting to note that almost all works discussed above defined

elutriation as the phenomenon occurring above TDH and entrainment rate of
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Fig-ure 2.5 Characteristics of elutri_ation rate curve in multi-size one-kind
powder bed (Hanesian and Rankell) (21)
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particle decreases exponentially along the freeboard, under TDH boundary,
however, a few studies were done in this area. Basically, TDH is directly
related to particle size, diameter and superficial velocity. Zenz and Othmer

(23) 1960, presented an empirical graphical correlation of TDH as shown in

Figure 2.6, which is based primasily fluid cracking catalyst particles. The

W

authors also recommended it for f part s 400 um in diameter. Tanaka
J
and Shinohara (24), 1978} Suggeste w of the total amount of

Wen and Cheng3)frd] nethod of éstimtation from equation 2.9
by assuming that the en X nifies Ay A yoard outlet is within a small
percentage more than that of the ar 9 lelelu iated. For example, if the
entrainment rate is within one yre-perce . ation rate, the freeboard height

required is estimated to be

— X (2.25)
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Grou powder

AR
difficult fo fluidize. One of which is Geldart's Group A powder (19). Geldart
classification was based on fluidization characteristics of the powder itself. This
group of pdwder may be characterized by a relatively small particles size
(30<dp>150 um) and a low particle density (<1500 kg/m3), as shown in Figure
'2.7. During initial state of fluidization, the gas is merely channeling all the way

through the bed that remains praétically static at all velocities up to the very
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Figure 2.6 Simple graphic correlation based on Zénz & Weil (1958) and
Zenz & Othmer (1960) for predicting TDH with fine solids
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highest. Frequently this group of powder shows an increase in void fraction of
emulsion phase as the fluidizing gas velocity increases. The minimum bubbling
velocity is always greater than the minimum fluidized velocity.

To estimate the U of group A powder, it is suggested that the laminar

- P e : (2.26)

dsm (2.27)

here Xj is the mass fractios icles i cach size ange given by sieve aperture,
. i g 7 . "

da. Furthermore, the axisy: ;stz.. ug” is normally formed in the bed

i’ ]
belonged to this group of powd: e

T Y]
Remark mustﬂ made

] 1mirﬁ number of studies on

systems containing more than, one kind of garticles as well as lack of reports on

elutriation un “Tu‘lﬂn’;anﬁtnjsm %Jngmiﬁg with systems of
multiplﬁpﬁ;_'inﬁd@ ﬁ f}ﬁ%ﬁ i]d ﬁ' ’g])l’?rﬁi rhtll_ciwélnaail TDH.
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