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Abstract — Transition velocity from turbulent to fast fluidization has been measured by emptying time method in a high tem-
perature circulating fluidized bed(0.02 m i.d. and 2.0 m high) of sand particle(specific surface mean diameter: 0.256 mm, particle
density: 2,617 kg/f) with variation of temperature(15-600). Measured transition velocity from turbulent to fast fluidization
increased with increasing temperature. The previous correlations on transition velocity to fast fluidization comparet&és: the
ured values. Among the previous correlations, correlation of Chehbourji8} shows relatively good results.
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Table 1. Methods for determining transition velocity from turbulent to fast fluidization
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Type Methods

Symbolin Table 4

Authors

Solid concentration Bed expansion versus U

1

Lewis[8] al
Yerushalmi et aj4]
Avidan and Yerushalmi[5]
Schnitzlein and Weinstein[6]

-APIAZ-U-G phase diagram

Yerushalmi and Cankurt[7]
Horio et al[8]
Bi et al[9]
Jiang and Fan[10]
Horio et al[11]
Adéanez et aJ12]
Tsukada et gtL3]

Voidage-U-G phase diagram

Chen efB4]
Li and Kwauk[15]
Kwauk et aJ[16]
Perales et 41L.7]
Li et al[50]

Bed bulk density versus U

Chehbouni €8] 19]

Pressure fluctuation

Leu et[aD]
Yang et a[21]

Flooding point method
U (1) versus U diagram

Adanez et gl12]
Namkung et al22]

Entrainment Emptying time versus U

Lee and Kim[23]
Shin et a[24]
Han et a[25]
Perales et 41.7]
Adéanez et aJ12]
Chehbouni et dl18, 19]
Delebarre et dP6]
Namkung et al22]

Maximum G, versus U

Schnitzlein and Weinstein[6]
Adéanez et aJ12]

Elutriability versus ¢

Le Pauld and Zenz[27]

Saturated Gversus U

Bi et 4P8]

Entrainment rate versus U
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Table 2. Factors influencing on the transition velocity from turbulent to fast fluidization.

Variable increased Effect on U Source

Bed geometry Bed diameterfD Increase Chehbouni et[aB]

Particle properties Mean particle diame_tgr(d Increase Shin et #24]
Han et a[25]
Perales et 41L7]
Jiang and Fan[10]
Adanez et dl12]

Particle densityip) Increase Yerushalmi and Cankurt[7]

Avidan and Yerushalmi[5]

Operating condition Pressure(P) Decrease Tsukada et al.[13]
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Table 3. Summary of correlations on the transition velocity from tur-
bulent to fast fluidization

Authors Correlations

Lee and Kim[30] Re=2.916 Ar0-354
Perales et 41.7] Re, = 1.41 AP-483
Biand Fan[31] Re=2.28 AP419
Adéanez et g12] Re,=2.078 AP463
Tsukada et 4113] Re, = 1.806 AP-458

Chehbouni et gl19] Re, = 0.169 AP>{D/d,)°3
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Bed pressure drop versus time-emptying time determination.
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Fig. 4. Transition velocity from turbulent to fast fluidization versus tem-
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Fig. 5. Effect of temperature on particle diameter whose terminal velocity

is equal to the fluidizing velocity.
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Table 4. Summary of experimental conditions and results of previous studies on the transition velocity from turbulent to fastiflization

Authors DIm] Hm] Particles glum] pp[kg/n13] Geldart'sgroup T{C] P[kPa] UY/[m/s] U, Determining methdd
Yerushalmi and Cankurt[7] 0.152 8.5 FCC 49 1070 A AC. AC. 1.37 2
HFZ-20 49 1450 A 2.10 2
Alumina 103 2460 B 3.85 2
Chen et a[14] 0.09 FCC 58 1780 A AC. AC. 1.25 3
Alumina 54 3160 A 2.0 3
Alumina 81 3090 B 2.6 3
Iron ore 56 3050 A 2.0 3
Iron ore 105 4510 B 4.0 3
Li and Kwauk15] 0.09 8.0 Alumina 54 3160 A AC. AC. 2.45
Lee and Kim[23] 0.078 Cement 23.6 2500 A AC. AC. 1.80 7
Raw meal
Avidan and Yerushalmi[5] 0.152 85 FCC 49 1070 A AC. AC. 1.40 1
Dicalite 33 1670 A AC. AC. 1.10 1
HFZ-20 49 1450 A AC. AC. 1821 1
Shin et a[24] 0.0762 2.5 Coal 205 1720 B AC. AC. 1.58 7
395 1720 B AC. AC. 2.28 7
Han et a[26] 0.078 2.6 Coal 730 1400 B AC. AC. 1.78 7
1030 1400 D AC. AC. 2.09 7
Kwauk et al[16] 0.30 40 FCC 58 1780 A AC. AC. 1.85
Li et al[50] 0.09 FCC 54 930 A AC. AC. 2.50 3
Horio et al[8] 0.05 FCC 60 1000 A AC. AC. 0.92 2
Sand 106 2600 A 4.50
Le Palud and Zenz[27] 0.15 325 FCC 49 1070 A AC. AC. 1215 9
HFG-20 49 1450 A 1.7-25 9
Alumina 103 2460 B 3.7-4 9
Leu et af20] 0.108 Sand ~90 ~2600 ~B AC. AC. ~2.27 5
Yang et a[21] 0.224 FCC 67 1700 A AC. AC. 15 5
Perales et d1.7] 0.092 29 FCC 80 1715 A AC. AC. 1.99 3,7
Sand 120-177 2650 B 1.69
177-250 2650 B 1.82
250-400 2650 B 3.67
250-500 2650 B 3.63
500-750 2650 B 4.98
750-1200 2650 B 6.31
Bi et al[9] 0.102 Polyethylene ~325 660 B AC. AC. 2.25
Jiang and Fan[10] 0.102 6.32 Polyethylene 3400 1010 D AC. AC. 4.6 2
Polyethylene 4500 920 D 5.02 2
Glass beads 2160 2500 D 6.99 2
Glass beads 5000 2500 D 8.65 2
Horio et al[11] 0.05 Sand 106 2600 B AC. AC. 4.50 2
FCC 60 1000 A 0.95 2
Adanez et gJ12] 0.10 3.9 Sand 170 2600 B AC. AC. 3.05 6
170 2600 B 3.1-3.2 2
170 2600 B 3.0-3.2 8
170 2600 B 3.15 7
387 2600 B 4.40 7
561 2600 B 5.05 7
710 2600 B 5.45 6
710 2600 B 5.60 2
710 2600 B 5.4-5.8 8
710 2600 B 5.6 7
894 2600 B 6.15 7
344 2600 B 4.30 7
Coal 316 1400 B AC. AC. 3.00 7
561 1400 B 3.60 7
710 1400 B 4.00 7
894 1400 B 4.50 7

stst=8t w39 45 20014 8H
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Authors Qlm] Hm] Particles Jlum] pp[kg/mﬂ Geldartsgroup TIC] P[kPa] UY[m/s] U, Determining method
Tsukada et al.[13] 0.05 04 FCC 46 1780 A A.C. 100 0.75 2
350 0.50 2
700 0.41 2
Chehbouniet al.[18] 0.082 FCC 78 1450 A AC. AC. 1112 3,4, 7 (APT)
1.2 3,4, 7 (DPT)
1-1.1 3,4,7 (CP)
0.082 Sand 130 2650 B A.C. A.C. 2.4 3,4,7 (APT)
2.3 3,4,7 (DPT)
2.0 3,4,7 (CP)
Chehbouni et al.[19] 0.082 Sand 130 2650 B A.C. A.C. 2.20 4,7
FCC 78 1450 A 1.10 4,7
0.200 Sand 130 2650 B 3.05 4,7
FCC 78 1450 A 2.24 4,7
Delebarre et al.[26] 0.2 1.0 Glass bead 68 2490 A A.C. A.C. 0.93 7
Yi et al.[29] 0.035 465 KSZz1 59 1820 A A.C. A.C. 1.7 11
Namkung et al.[22] 0.1 53 FCC 65 1720 A A.C. A.C. 1.40 7
65 1720 A 1.44 6
Silica sand 125 3055 B A.C. A.C. 2.40 7
125 3055 B 2.52 6

A.C.: ambient conditions, DPT: differential pressure transducer, APT: absolute pressure transducer, CP: capacitance probe

*Symbol listed in Table 1
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: Archimedes numbep,(p,~pg)gd /u* [-]

: drag coefficient [-]

: particle diameter [mm]

: mean particle diameter [mm]

: particle diameter having a terminal velocity that is equal to the

superficial velocity [mm]

: column diameter [m]

: gravitational acceleration [m]s

: solid circulation rate [kg/fs]

: column height [m]

: pressure [kPa]

: particle Reynolds number,dp/ut [-]

: Reynolds number at transition velocity to fast fluidizatighl, @,/

&l

: temperatureC]

: superficial gas velocity [m/s]

> minimum slugging velocity [m/s]

: velocity of the solids [m/s]

: terminal velocity [m/s]

: transition velocity from turbulent to fast fluidization [m/s]
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AP : pressure drop [mMmi@]
IAVA : axial distance [m]
J2(0|Aa 2Kt
€ : average gas holdup []
1] : gas viscosity [kg/m-s]
Py : gas density [kg/f)
Pp : apparent particle density [kgfin
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