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Abstract — Transition velocity(U,) from bubbling to turbulent fluidized bed has been determined by pressure fluctuation in a
gas fluidized bed(0.1 m i.d. and 5.3 m high) of FCC particles with variation of gas velocity. Also, the transition velocity(U,) to
turbulent fluidized bed is determined from the gradient variation of solid holdup with gas velocity. A model based on the bed
expansion is proposed to predict U, and the model predicts well the experimental data. A flow regime map is proposed in terms
of Archimedes and Reynolds numbers to predict the flow regime in the fluidized bed.
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Fig. 1. Schematic diagram of apparatus.
1. Riser 6. Butterfly valve
2. Cyclone 7. Distributor
3. Hopper 8. Pregsure transducer
4. Loop-seal 9. Data acquisition system

5. Sampling port p: pressure taps
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Fig. 2. Mean amplitude and standard deviation of pressure drop fluctu-
ations with gas velocity.
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Fig. 3. Effect of gas velocity on solids holdup.
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Fig. 4. Comparison of Reynolds number based on the transition velocity to
the turbulent regime between the measured and caleulated values.
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Table 1. A surnmary of experimental conditions for U, in previous stu-

dies
Workers DJm]  Solids d,[nm] ps[kgfm3] U, [m/s]
Abed[17] 0.152 FCC 548 850 0.40
Avidan and 152 FCC 49 1070 0.61

catalyst 33 1670 0.55
catalyst 49 1450 .91

Yeushalmi[18]

Avidan et al.f19] 0.60 FCC 60 1220 0.14
Cai et al.[20] 0.150 65 1172 0.48
53 1667 0.53

Cai etal [21] 0.139  silica gel 280 706 0.60
Carotenuto et al.[22] 0152  FCC 60 940 0.20
alumina 95 1550 1.0¢G

Chehbouni et al.[23] 0082 FCC 78 1450 040
sand 130 2650 0.75

sand 230 2650 (.90

0.20 FCC 78 1450 0.85

sand 130 2650 1.40

sand 250 2650 1.50

Gonzalez et al.[24] 0.20 FCC 55 1450 0.36
sand 130 2650 0.40

200 2650 0.78

Han et al.[25] 0.078  coal 730 1400 0.90
1030 1400 1.1%

Horio et al.[26] 0.05 FCC 60 1000 0.50
sand 106 2600 1.50

Jinet al.[27] 0.28>028 silica gel 165 711 047
280 706 0.63

476 834 0.69

1057 844 (.83

FCC-Y 65 1172 0.40

FCC-7 52 1667 0.53

resin 566 1330 0.84

sand 98 2580 0.7¢

Kehoe and Davidson[28] 0.10 22 2200 0.35
55 1100 (.50

0.05 55 1100 0.50

2 2200 0.40

Lee and Kimf11] 0.10 glass beads 362 2500 0.89
Massimila[29] Q.156 50 1000 0.35
Perales et al.[30] 0092 FCC 80 1715 0.76

sand 325 2650 1.35
vermiculite 223 327 L.I5
alumina 25 42 1015 0.90

Rhodes and Geldart[7] 0.076

0152  CBZ-1 ag 1308 1.04
E-cat. 40 1618 1.00
9G o4 1908 1.00
FRF-§ 66 2335 1.37
0076  sand 69 2665 1.10

134 2648 0.50
270 2600 1.80
606 2600 2.00
1090 2660 2.40

Schnitzlein and 0.152  HFZ-33 59 1450 0.70
Weinsten[31}

Son et al.[32] 0380  sand 430 2630 L10

Sun and Chen[15] 0.800  catalyst 54 1800 0.35

64 1800 0.40
54 1800 0.60

siakzet MI3gH H4S 20004 S

Table 1. Continued

Workers D[m] Sclids dp[um] Py [kg/m3] U, [m/s]
Theil and Potter{33] 0051 FCC 60 930 041
0.102 60 930 0.20
0.218 60 930 0.025
Yeushalmi and 0.152  dicalite 33 1670 0.53
Cankurt[2} FCC 49 1070 0.61

HFZ-20 49 1450 1.22
alumina 103 2460 0.91
This study 016 ECC 05 1720 0.63

Table 2. Summary of flow regime maps of previous studies for vertical
gas-solid systems

Previous studies Map co-ordinates

Zenz and Weil[40] Ug, AP/AL
Reh[41] Re, 3/4 Fr?
Yerusalmi and Cankurt|2] I—¢, Slip velocity
Catipovic et al.[42] UdUpnd,
Li and Kwauk(35] Ug, £
Matsen[43] U,,. solid velocity
Squires et al.[44] U 1€
Horio[45] Re, Ar
Grace[36] U d,
Takeunchi et al.[37] Ug, G,
Rhodes[46) U, 1-¢
Lee and Kim[12] Ar,Re
Bi and Grace[4] G/p.. U,
Bai and Kato[47] U,. G,
Ryu et al.[39] Ar, Re
Namkung et al.[38] U, G,

Re,. =[(33.7)+0.0408Ar] %337 (6)

Re= Kunni®} Levenspiel[49]] A A% whgiol] g)sle] Alabslart,
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velocityS A8l 78 4 91t} Re, & TRt 70¢] Leedt Kim
[1210] Abgk A48 el 2alg,

Re,=2.916 AP35 (9



R AEReRe] Holk

108

104 L
10°
102
10
100
107
102
108

Re

1074 Remf ¥ = (Gs'{pgut)
1050 £ i L | 1 1
107 108 100 102 10 10 10° 0P

Ar
Fig. 5. Flow regime map of gas-solid fluidization system.
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H,, :bed height at minimum fluidization condition [m]
Re : Reynolds number, degpg g
Re.  :Reynolds number based on U, d,U.p, /Mt []
U, : superficial gas velocity [m/s]
U, : transition velocity to turbulent flow regime [my/s)
U, :minimum fluidization velocity [m/s]
U, : transition velocity from dense phase pneumatic to dilute phase
pneumatic region [m/s}
U, : terminal velocity of single particle [m/s)
J2lojx 2%t
€ : voidage [-]
£, » voidage at the transition velocity U, [-]
Epmf : voidage at minimum flaidization condition [-]
Th : gas viscosity [kg/m - 5]
P, : gas density fkg/m®]
P, : apparent particle density [kg/m’]
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