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Abstract— Qualitative effects of temperature and height from the distributor plate on the transition velocity to turbulent
flow regime(U.) have been measured in a gas fluidized bed(0.1m i.d. and 2.1 m height) using sand as bed material. Bed
temperature(15-500 °C), height from the distributor plate(0.02-0.10, 0.10-0.15, 0.15-0.24, 0.24-0.29, 0.02-1.97 m), and
mean particle size(0.134, 0.256 mm) were considered as experimental variables. The transition velocity to turbulent flow regime
increased with increasing bed temperature, however, decreased with increasing height from the distributor plate. The previous
correlations on transition velocity to turbulent flow regime compared with the measured values. Most correlations reported
in the literature appeared inadequate to determine the effects of temperature and height from the distributor plate on transi-
tion velocity to turbulent flow regime.
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Table 1. Factors influencing the onset of turbulent fluidization

Effect on U, Source

Bed geometry Distance above  Decrease  Grace and Sun[2]
distributor(H) Sun([3]

Bi[4]

Bi and Grace[5]

Kehoe and Davidson[6]

Thiel and Potter[7]

Cai[8]

Sun and Chen([9]

Judd and Goosen[10]

Rhodes and Geldart[11]

Chehbouni et al.[12-14]

Shin et al.[15]

Han et al.[16]

Jin et al.[17]

Subbarao and Basu[18]

Rhodes and Geldart[11]

Lancia et al.[19]

Mori et al.[20]

Sun and Chen[9]

Lee and Kim[21]

Perales et al.[22]

Chehbouni et al.[13,14]

Judd and Goosen[10]

Variable increased

Bed diameter(D,) Decrease

Increase
Particle Mean particle Increase
properties diameter(d,)

Shericity of Decrease
particles(¢,)
Breadth of particle Decrease  Grace and Sun[2]

size distribution No effect ~Chehbouni et al.[13]

Operating Pressure(P) Decrease  Yang and Chitester
conditions [23]
Saito et al.[24]
Cai et al.[25]

Temperature(T,) Increase Cai et al.[25,27]
Vary with Chehbouni et al.[14]
particles
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Fig. 1. Schematic diagram of hot-model fluidized bed.
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Table 2. Properties and sieve analysis of sand

Particle

Specific surface mean
particle diameter(mm)
Apparent density(kg/m”)
Size distribution
Sieve size(um)
— 4254300
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~106+75
- 75453
—53+0

weight fraction
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0.004
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Fig. 2. Variations of bed pressure drop, mean amplitude, standard
deviation, and normalized standard deviation with gas velocity.
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Fig. 3. Mean amplitude, standard deviation, and normalized stand-
ard deviation versus superficial gas velocity.
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Fig. 4. Effect of bed temperature on transition velocity to turbulent
flow regime at various heights from distributor plate.
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Fig. 5. Effect of height from distributor plate on transition velocity
to turbulent flow regime at various bed temperatures.
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Table 3. Summary of correlations for the calculation of U,

183

Authors Correlations Applicable range
Yerushalmi and U=3(p,d,)"°-0.17 0,4,=0.05 - 0.7 kg/m’
Cankurt[33]
Yang{34] U=Uge,)", U/U=25.49Re;*** 33<d,<49pm
m=2.31Re;"*’, g,=(m - 1)/m 1070< p, <1450 kg/m’
Han et al.[16] U=60p,* & D!* in CGS 24<d, <2600 um
1070< p, <2920 kg/m’
0.0779<D<<0.305m
Horio[35] ReC-O 936 Ar™” 54<d, <2600 um
Jin et al[17] U.=(2d,)*[(KD)(P, - p(d,pe)]"” 50<d, <1050 um
IG),--O 00367 (for free bed) 700< p,< 2600 kg/m®
Lee and Kim[36] Re,=0.70Ar"* 0.44<Ar<4.4x10’
2
2 Pr  _ e,
Sun and Chen[9] U, =1.74d2 ["" —Pe J Lo P £ v,
Pe 1- Er z
Z. =a'\'% db’m a=225
02 027 50<T,<450°C
Cai et al[25] U . [@] K(M Po=pe | D 100<P<800kPa
' CLOM L Pe P || % 53<d,<1057pm
706< p, <2580 kg/m’
D=D,, K= [% 242 X 107 x 10 3]0‘27 free bed
Dt Dt
KD;=(1.64-2.32)x 10" bed with vertical tubes
KD;=3.42x10"* bed with pagoda type internal baffles
KD;=4.69x 10> two dimensional bed(12 X 300 mm)
Lee and Kim[21] Re.=0.598Ar>*+Re,,
Nakajima et al.[37] Re=0.663Ar™*
Bi and Fan[38] D, effect not considered
Re.=0.601A% @ Ar<125
Re =2.28Ar"™*" ®) Ar>125
D, effect considered (for Geldart group A particles)
Re.=16.31Ar"*(U,/VgD,)*** © Ar<125
Rec=2.274Ar0,419(-U’/@)0.0015 (d) AIZ 125
Bi and Grace[39] Re,=1.24Ar"* 2<Ar<1x 10°
Chehbouni et al[13] Fr.=0.463Ar*"*, Fr.=U,/(gD)" 0.4<Ar<123316
0.05<D,<0.2m
Bi et al.[40] U=U,+1.2A1°%(gv,) /(Y - 0.3A1"%) @) Pressure fluctuation
U, =U,+2.75 X 10°V;/(z+4S 1) g"® ®) Bubble size
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Lines : calculated values by Bi et al. {40]
10 Symbols : measured values
’ o Sand, 0.134 mm
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Fig. 7. Comparison between measured U, and calculated values by

previous correlations.

symbols : measured values

@ : ambient condition, [1:100 °C, A :200 °C, ¥ :300 °C, ¢ :400
°C, 0:500°C

lines : calculated values by Bi et al.[40], Eq. (b)

At

£ A7 dAdGA7ISNEARI(GT)e dEes FAHAS

Ut Q78] x|glel) AT
ALEY1E

a : constant in the equation of Sun and Chen[9], 2.25 [-]

Ar  : Archimedes number, p,(p, — p,)gd /1’ [-]

dymex  : maximum stable bubble size [m]

D;  :equivalent diameter of fluidized bed [m]

d, : particle diameter [mm]

D, :column diameter [m]

Fr, :Froude number based on transition velocity to turbulent flow
regime, U./(gD)"" [-]

g : gravitational acceleration, 9.8 [m/s’]

H : height from distributor plate [m]

K : constant in equation of Jin et al.[17], Cai et al.[25]

m : exponent in the modified Richardson and Zaki equation, de-
fined in Table 3 [-]

P : pressure [kPa]

Re, : Reynolds number based on transition velocity to turbulent

flow regime, d,U.p,/u [-]

2abEEt M373 M2E 19994 43

534 - ARF - DAE - &4

Re,

CAE - o)RE

: Reynolds number based on terminal velocity of single particle,
d,Uep/u [-]

 catchment area for a bubble stream at the distributor plate [m’]

: bed temperature [C]

: superficial gas velocity [m/s]

: transition velocity to turbulent flow regime [m/s]

: superficial gas velocity required to bring bubbles to their max
imum stable size [m/s]

: terminal velocity of cluster [m/s]

: minimum fluidizing velocity [m/s]

: terminal velocity of single particle [m/s}

: height from distributor plate [m)]

: parameter in the equation of Sun and Chen[8] to represent the
geometric character of bed [m]

az2|0|lA 2X}

Ps
Pezo
P>

10.

11.

12.

13.

: effective voidage, defined by Yang[34] in Table 3 [-]

: void fraction in a bed at minimum fluidizing condition [-]

: gas viscosity [kg/m - s]

: gas viscosity at 20 °C [kg/m - s]

: effective kinematic viscosity of the dense phase in the equation
of Bi et al.[40] [m”/s]

: gas density [kg/m’]

: gas density at 20 °C [kg/m’]

: apparent particle density [kg/m’]

: sphericity of particle [-]
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