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Abstract

The effect of gas velocity, weight fraction of particles and the diameter ratio of particles on the
minimum fluidization velocity was investigated in a three phase fluidized bed containing a binary
mixture of particles. Correlations for calculating the minimum fluidization velocity of binary solid
mixtures were evaluated and compared. Particles with different diameters but nearly similar density
including 750 and 3,000 u#m glass beads and 1,440 #m sand were employed in the experiments.
For each binary mixture, three different average compositions, corresponding to the averaged
weight fraction of small particles of 0.125, 0.5 and 0.875 in the bed were prepared. The
measurements were performed with gas velocities in the range of 0 — 7.84 cm/s and liquid velocities
in the range of 0 - 4.88 cm/s. From the experiments, it was found that the minimum fluidization
velocity decreased rapidly with increasing gas velocity. However, small reductions in the minimum
fluidization velocity were observed at higher gas velocities. The minimum fluidization velocity fell
rapidly at low weight fraction of small particle but almost constant minimum fluidization velocity
was observed at high weight fraction of small particles. The effect of size ratio on minimum
fluidization velocity was not observed at low weight fraction of small particles. It was found that a
system of particles with a small size ratio had a higher minimum fluidization velocity. The
correlation for calculating the minimum fluidization velocity of binary solid mixtures in a three

phase fluidized bed was shown as following,
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2
1.75 [ PUm D, +150(1—8mf) PV Dy | _ Dopy (0, —p4)9 .
¢sg:1f Iug ¢528r?1f ,Ug 'u92
P U, D
1o Re gy _ Lot (2.4)
Hy
D3 -
uay Ar, = 0P (,052 P9 (2.5)
My
aumsfi (2.3) aunsodagil i
1.75 150(L— &)
—3 egmf2+2—3fRegmf = Arg (26)
sgmf ¢s gmf

v 9
aumsii (2.6) Wuldfurgdaladiuaszuuvesdis-me Tasdmsumsldaulugdaladiue

< 2] aa.z‘ 1A @ A
FEUUVUDIUVI- VDUV AI-NY UY Zhang LAsAUE [28] W‘]J’NNE‘]J!L‘]JTJ@QﬁNﬂ"ITVI 2.7

1
_|[1500-¢,) L em (e ) A |* 1500—2,) o
i 3.5¢, 1.75 3.5¢, '
e a,, Ao daduveamy e daduvesved Iva (voaraduaz i)
cu,
amf = (2.8)
Enf (Ug +U )
Tag C=0.16 :for non-foaming liquids
C=0.28 : for foaming liquids
DU
Re . = : Imf_pl (2.9)
H
BN -
Laz Ar = —2P (b, =P8 (2.10)
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2.1.2 gV YMANAN (mixed particle system)
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99311 (alumina beads) YUIA 2.2 Tadwas NuALAT (glass beads) VYU1A 6 HAANAT WU
[ o v M 4 I
PUNAVDITINANN D19 ID UM THiaTl UL coalesced bubble Hag dispersed bubble 11z
3 4 I 3 9}o @ 3 a
Wuieamsuenyuresoynabems Inailuuny slugging [7] NfdMTUoyNIAY0LTIFA
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< . 1 < a [ '
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~ o [ :?l . . .
Liﬂﬂﬂﬁﬂgmﬂmﬂm solid layer inversion [28]
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2. miﬁ%’Nﬁﬂé’r’uﬁuﬁﬂwﬂﬁwﬁuﬁuﬁﬁi%’ﬁwu1ﬂﬁ1ﬂ:nm?Wimmaw\lqaﬂ"lmcm?umm
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1988 Goosens LazAME [15] A9aun15N (2.16) ag (2.17)

-1
z[x—i] (2.16)
L\ O

r -1
pT(X—j (2.17)
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a o a o a 4 %
msnalsingmaaingoe lawdulungda ladiuaauinnia (three-phase fluidized bed, TPFB)
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2.2.1 Distributor region
a A 1 A o (2 I Aa Ao Y 1 I 1 ~ 09)1 1
mnmm’egmuﬂmmzmﬂmcﬁ—mmmm L‘]Julliﬂm‘ﬂﬂ”l“]ﬂ"lﬂqt‘ﬂﬂ Lﬂuﬁ?u%ﬂﬁﬂﬂﬂqu@ﬂllﬂﬂ"ﬁ
A a (2 4 v v W ' [+
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v a d o 1 o a s
FﬂuﬂiSﬁﬂﬂlﬂﬂlﬂu‘ﬁlﬂ\‘]ﬂ'l%@fﬂ{lﬁﬂyjim Wi]@]ﬂiiﬂﬂ'l\?@ﬂﬂwaﬁ'lﬁﬂi (hydrodynamic behavior)
Y 9
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Glulﬂﬂﬁﬂuﬁﬁu@ﬂﬂﬂﬂ'li’i]@ﬂ!tﬂﬂ@'ﬁﬂigi]'lﬂﬂ'l"]f-sll@QLW'GTJ Llﬁgﬂﬂ!ﬁhﬂﬁﬂlﬂﬁﬁﬁﬂa'l\‘lsllﬂ{l!ﬂaj

U

<
HAZBUNIAUDILUN

2.2.2 Bulk-fluidized bed region
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2.2.3 Freeboard region
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2.3.1 Coalesced bubble regime
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2.3.2 Dispersed bubble regime
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Liquid velocity Pressure drop [kPa]

[cm/s] 0 cm/s 094 cm/s | 1.93cm/s | 393 ci/s | 5.88cm/s | 7.84 cm/s
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.09 0.03 0.03 0.04 0.07 0.10 0.06
0.23 0.08 0.08 0.10 0.12 0.17 0.12
0.29 0.10 0.10 0.12 0.17 0.20 0.16
0.36 0.12 0.12 0.15 0.21 0.22 0.19
0.42 0.14 0.16 0.16 0.23 0.25 0.22
0.48 0.16 0.17 0.19 0.24 0.26 0.23
0.54 0.18 0.19 0.22 0.26 0.26 0.24
0.61 0.19 0.22 0.24 0.28 0.27 0.28
0.86 0.30 0.31 0.36 0.30 0.34 0.33
1.11 0.40 0.37 0.41 0.35 0.42 0.40
1.48 0.54 0.51 0.46 0.48 0.51 0.49
1.98 0.65 0.56 0.57 0.56 0.59 0.56
2.48 0.67 0.61 0.61 0.59 0.62 0.60
3.14 0.70 0.60 0.61 0.59 0.63 0.59
3.49 0.70 0.60 0.62 0.58 0.62 0.58
3.84 0.70 0.60 0.63 0.59 0.60 0.54
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(X,) MY 0.5

Liquid velocity Pressure drop [kPa]

[cm/s] Ocm/s |0.94 cm/s|1.93 cm/s|3.93 cm/s |5.88 cm/s|7.84 cm/s
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.09 - 0.06 0.08 0.07 0.07 0.08
0.23 0.11 0.14 0.14 0.14 0.13 0.14
0.29 - - - - - 0.18
0.36 - 0.19 0.21 0.22 0.20 0.20
0.42 - - - - 0.22 0.22
0.48 0.19 0.28 0.29 0.27 0.24 0.24
0.54 - - - - 0.26 0.27
0.61 - 0.36 0.29 0.31 0.28 0.28
0.67 - - - - 0.32 0.29
0.73 0.29 0.36 0.34 0.34 0.34 0.31
0.79 - - - - - 0.33
0.86 - - 0.36 0.37 0.38 0.33
0.98 0.40 0.40 0.39 0.41 - -
1.11 - - 0.42 0.44 0.46 0.41
1.23 0.52 0.50 - - - -
1.48 0.63 0.56 0.52 0.54 0.54 0.50
1.73 0.63 0.60 - - - -
1.98 0.65 0.63 0.58 0.58 0.56 0.56
2.23 0.68 0.65 - - - -
2.48 0.66 0.69 0.61 0.60 0.61 0.57
3.14 0.65 0.69 0.60 0.60 0.59 0.57
3.49 0.65 0.69 0.61 0.60 0.59 0.53
3.84 0.65 0.70 0.61 0.56 0.56 0.50
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Liquid velocity Pressure drop [kPa]

[cm/s] Ocm/s |0.94 cm/s|1.93 cm/s|3.93 cm/s|5.88 cm/s| 7.84 cm/s
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.09 0.04 0.07 0.08 0.08 0.08 0.07
0.23 0.10 0.14 0.14 0.14 0.15 0.14
0.29 0.13 0.18 - - - 0.18
0.36 0.18 0.20 0.21 0.22 0.21 0.20
0.42 0.22 0.23 - - 0.22 0.22
0.48 0.23 0.26 0.29 0.28 0.24 0.24
0.54 0.26 0.28 - - 0.26 0.26
0.61 0.29 0.29 0.29 0.31 0.28 0.28
0.67 - - - - - 0.29
0.73 - - 0.33 0.34 0.31 0.30
0.79 - - - - - 0.33
0.86 0.46 0.39 0.35 0.37 0.33 0.33
1.11 0.64 0.48 0.39 0.41 0.37 0.41
1.48 0.65 0.61 0.41 0.44 0.46 0.50
1.98 0.66 0.68 0.52 0.54 0.54 0.56
2.48 0.65 0.70 0.58 0.58 0.56 0.57
3.14 0.65 0.71 0.61 0.60 0.61 0.57
3.49 0.65 0.72 0.60 0.60 0.58 0.53
3.84 0.65 0.72 0.61 0.59 0.58 0.49
4.19 - - 0.61 0.59 0.56 -
4.88 - - 0.61 0.59 - -
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Liquid velocity Pressure drop [kPa]

[cm/s] X, =0.125| X=0.5 | %=0875| X=1
0.00 0.00 0.00 0.00 0.00
0.09 - 0.10 0.12 0.16
0.23 0.14 0.21 0.26 0.22
0.29 - 0.43 0.27 0.24
0.36 - - - 0.28
0.42 - - 0.28 0.28
0.48 0.26 0.46 - 0.36
0.73 0.36 0.46 - 0.41
0.98 - 0.53 0.39 0.48
1.11 0.44 - - -
1.23 - 0.57 - 0.49
1.48 - 0.57 0.44 0.48
1.73 0.52 0.58 0.43 0.48
1.98 - 0.58 0.43 -
2.23 0.57 0.58 - -
3.49 0.59 - - -
4.19 0.57 - - -
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X, Minimum fluidization velocity [cm/s]
GB3000:SN1440 GB3000:GB750
1 1.07 0.67
0.875 1.02 0.65
0.5 1.03 0.63
0.125 1.05 1.1
0 3.05 3.05
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X, Minimum fluidization velocity [cm/s]
Ocm/s [0.94cm/s | 1.93 cm/s | 3.92 cm/s | 5.88 cm/s | 7.84 cm/s
1 1.53 1.2 1.08 1.07 1 0.9
0.875 1.45 1.23 1.03 1.02 1.01 0.98
0.5 1.55 1.26 1.05 1.03 1.02 0.98
0.125 2.07 1.71 1.45 1.05 1.09 1.14
0 3.48 3.34 3.35 3.05 2.98 3.05
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Minimum fluidization velocity [cm/s]
X 0.94 1.93 3.92 5.88 7.84
cm/s cm/s cm/s cm/s cm/s
1 1.2 1.08 1.07 1 0.9
0.875 1.2 1.08 1.07 1 0.9
0.5 1.2 1.08 1.07 1 0.9
0.125 1.48 1.36 1.33 1.25 1.16
0 3.38 3.34 3.05 2.98 3.05
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Minimum fluidization velocity [cm/s]
X 0.94 1.93 3.92 5.88 7.84
cm/s cm/s cm/s cm/s cm/s
1 1.26 1.19 1.09 1.03 0.98
0.875 1.26 1.19 1.11 1.05 0.99
0.5 1.26 1.19 1.11 1.05 0.99
0.125 1.46 1.37 1.25 1.17 1.11
0 2.56 2.36 2.12 1.95 1.82
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