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Abstract — A model for predicting the transport velocity was proposed using the correlation of the particle entrain-
ment rate in the gas fluidized bed. The emptying time method was simulated using correlations of Choi et al. and Li and
Kato. In order to exclude the influence of the unit of the gas velocity, the dimensionless velocity obtained by dividing the
gas velocity by the terminal velocity was used as the value of the x-axis. The inverse of the particle entrainment rate was
used as the value of the y-axis. When increasing the gas velocity, the non-dimensional velocity, at which the decreasing
slope of the y-value is 0.398 [m?s/kg] in absolute value, was considered as the transport velocity. The transport velocity

predicted by the model was in good agreement even at high temperature and high pressure.
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Table 1. Correlations on transport velocity
Authors Correlations Applicable range
Lee and Kim [7] Re, = 2.91Ar%%* 1.22x10°<Ar<5.7x10*
Perales et al. [8] Re, = 1.41 A% 5x10°<Ar<2x10°
Bi and Fan [10] Re, = 2.28Ar%41° 1.25x10°<Ar<1.45x10°
Adanez et al. [13] Re, = 2.08Ar%46 4.5x10%<Ar<6.2x10*
Bi and Grace [14] Re, = 1.53Ar%% 2<Ar<4x10°
Chehbouni et al. [15] Re, =0.169Ar***(D/d, )" 1.18<Ar<1.19x107, 0.05<D, [m]<0.3
Ryuetal. [19] Re,, =O.0428Ar0'587(D,/dp)0'521 Based on correlation of Chehbouni et al. [15]
Seo et al. [22] Re, = 0.611Ar"%¢ 10<Ar<4.692x103
Khurram et al. [23] Re, =0.458Ar"*2(H,/D )" 0.81<Ar<1.21x10°, 8<H/d, [-]<112
depglo] By CHI:}[19 23]. =59] g &S ZAFS Ryu 51919 C,=24/Re, for Re, < 5.8 (5a)
&350 A1 %= Chehbouni S[15] 9] “d3+4]0] 714 2 x|k}, 1 C,=10/Re,”’ for 5.8 < Re, < 540 (5b)
SIRDATEPARIR IS o%oi;q @1 = 2} 2b2) 3} 8] 03 Khurram S[23] C,=0.43 for 540 <Re, (5¢)
o] ¥ a1olX3= Perales “5-[8]2] d¥H2]o] 7F a3t Re,=d,Up,/u (6)
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Ao HA o F-e8b7] flaliM = 7 e o B el A
B2 7 e ARl 3 Ada]o] ARg-E|oof Fitt. o] &
B &9} oFee] ke sk, Hlw A W Rt =3}
&% A ol AFARE v e A th2] Choi
s[2519] A= AREsISTt

K* =Ky* + K. * (1a)
where

Ky*d,/u = CRe, exp(-9.12-0.0153a (H—Hy)) (1b)

K, *d, /i = Ar®? exp(6.92-2.39F *P-13.1/F %) (Ic)
with

dppg(U - Um/))70.492( ppgdp )0725

_ d,
adp—exp(— 1 1'2+210D,—d )(

) W p(U-U,,)’
_ 0.731
(Pp Pg) C;1,47 @)
Pq
Ar=gd,’p, (p,~pg )1’ ©)
F,=2gd,(p,—pc)/3 (SI units throughout) (4a)
F ;= Cyp U2 (SI units throughout) (4b)

Choi 5 [25]2] “d2H2)& t2-2] Mol f-asiitk: 1= 21~710 mm,
2} W (apparent particle density) 2400~6158 kg/m’, 714 £
0.15~2.8 m/s, &% 12~600 °C, & 101~3200 kPa, f-55 & %171
0.1~0.91 m, F555 ¥°] 1.97-9.1 m. H2HE3EE(U,, )= Wend}
Yu [26]9] S ARgste] ARSI

Emptying time " 9] 22710f| sl 34 & 0] Hye Y o=
33T Choi 5[25]9] 741 QIR )& a1efshA] ok
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A8 9otz AL RHE o Qlste] o] F melshs wAel
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d,=d, ford,>d,, (72)
d,=d,, for d,<d., (7b)
A= 0.101/(gpp° &) @®
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cp; ((200-d,,)/150)"+ ((d,,,—60)/150)" (d,/d,;)"* for 60 um
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C,y=(d,/d,,;)"* for 200 ym < d,,, (%)
=(d,y/ d)"? (10

2 A= Choi & [25]9] 3ol o] & date] dApulat

S8 0hg 3} Po) S5l ek,
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Fig. 1. U/U, versus 6.
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Fig. 3. Comparison between measured and calculated U,: (a) pres-
ent model, (b) Chehbouni et al. [15], (c) Seo et al. [22].
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Fig. 4. Comparison between measured (Seo et al. [22]) and calcu-
lated U,: (a) present model, (b) correlation of Seo et al. [22].
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Fig. 5. Comparison between calculated (Chehbouni et al. [15]; Seo
et al. [22]; present model) and measured U,: (a) Bae et al.
[17], (b) Ryu et al. [19], (c) Kim et al. [24].
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Nomenclatures

a : decay constant [1/m]
Ar  : Archimedes number, pgdlf(pp—pg)g/u2 [-1
C, :drag coefficient on the particle surface based on the superficial

gas velocity, [-]

s particle size coefficient [-]

e 0

.. critical particle diameter, i.e. the maximum particle diameter
at which the sum of interparticle adhesion forces influence
dominantly in particle entrainment [m]

: mean diameter of bed particles [pm]

‘pm
d, : particle diameter [m]
D

, : column diameter [m]
F, :drag force on the particle per projection area [Pa]
F,  : gravity force minus buoyancy force per projection area of
particle [Pa]
g : gravitational acceleration, 9.8 [m/s?]
H, :bed height [m]
H, :column height [m]
K[* : entrainment rate of particles in size i [kg/(m? s)]

K;" : cluster flux of entrained particles in size i [kg/(m? s)]

: dispersed noncluster flux of entrained particles in size i or
elutriation rate constant of particles in size i above transport
disengaging height [kg/(m?s)]

N : number of data [-]

n : exponent [-]

P : absolute pressure [kPa]

Re, : particle Reynolds number, d,Up,/p [-]
Re, : Reynolds number at U, d,U,p /1 [-]
T : temperature [°C]

U : superficial gas velocity [m/s]

Ut U, [

U, :minimum fluidizing velocity of bed particle [m/s]
U, :terminal velocity of particle [m/s]



Ut

>
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: transport velocity for the vertical fluidized-bed [m/s]

Greeks

o

p
0
Pe
Pp
0

: exponent defined by Eq. (10) [-]

: absolute slope defined by Eq. (15) [m’s/kg]
: gas viscosity [Pa s]

: gas density [kg/m’]

: particle density [kg/m?]

: inverse of K,-* [s m%/kg]

Subscripts

cal

mea

10.

11.

12.

13.

14.

: calculated

: measured
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