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Abstract — The effects of gas velocity, height from the distributor plate, bed height at minimum fluidization, column diam-
eter and particle properties on vertical slug length and slug rising velocity were measured and discussed. The vertical slug
length increased with increasing the gas velocity, height from the distributor plate and bed height at minimum fluidization,
however, decreased with an increase of column diameter. The slug rising velocity also increased with increasing gas velocity,
height from the distributor plate and bed height at minimum fluidization. The slug rising velocity increased slightly with col-
umn diameter. The vertical slug length and the slug rising velocity of sand were higher than that of FCC at the same excess gas

velocity.
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Table 1. Factors influencing on the slug length
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Docrease  Luca et al 3] £ wlE F570] 7kl wet el Wwst gasks Aoz o

Lee[4] 29tk &, 4749 9T AR 18 S e A S A

Distance above Increase Park et al.[5] 71 wel el dejel] mA= e Gl MR o55H=

distributor(H) Nakamura et al.[6] 282 ARSI Hovmand} Davidson[12p- Nicklin -[13]°] #1A]

Particle Mean particle Increase Park et al.[5] & gef poleh Sl deje] @Al 0 oM el SR
properties diameter(g) 2 =82 Ael9] 71 (slug spacingg Este] S Aol tigk
Operating Superficial gas Increase Park et al.[5] BT AN 259) AR MatsenS{1]e] a4 vt
condition velocity(U) Matsen et al.[1] ANAR 71Ee Addddele WE FA7A 0] S71g wet £l
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Luca et al.[3] ) i

Lee[4] S Bue S0 SRl mel g9 o7 ZadthE Luca
Static bed height(fior  Increase Thiel and Potter[7] S3)el Azhielvh. Eg Fodl el A fel SHA0] S7F
bed height at minimum Luca et al.[3] ol me} S2e] @dde] Srkelrz v doje FA40 T
fluidization(H,.) Lee[4] 7¥ete)] Wl AR AoE s Zlo] FelFel Fr1hel 4l

Pressure Decrease  Lanneau[10] & 59 Blo] Wag Zloz AR
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Table 2. Summary of correlations on the slug length
) . ) Parameters
Authors Experimental technique ~ Correlations
U U dy D, H Hp(H
L _Um 0.77 ) )
Park et al[5] Electroresistivity probe = 33.3¢'5[DPU—E (in CGS unit) " * * *
mf
Matsen et al1] X-ray L. = k(U-U,,)D%%0.35¢"° * * *
_9.38 . .
k = == from Baeyens and Geldart[26] (in CGS unit)
t
S| S| 9 U_Um
Hovmand and CP %5‘0-49%5) [“W} * * *
Davidson [12] S0
+0.061- 1.939%:
0.35g0)"
Nakamura et gb] - forH <120 cm * * *
Ls: Z.G(U_Umf)o.Aq_'O.ZZ
forH>120cm
L= 0.47(U-U,,,)°"8°*in CGS unit)
Shichun et al.[9] OoP 1= 2.165U-3U-U, ) *1qin CGS unit) * *
Luca et a[3] \Asugl observation L _— 09U =Umi 0.37 . . . .
(video camera) (DHm)** (gD)”*
Le  _ U-U,
Lee[4] DPT 1.82—1-0.13 xx x .

(DH*®  (gD)°

CP: capacitance probe, DPT: differential pressure

transducer, OP: optical probe
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Table 3. Factors influencing on the slug rising velocity
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Variable increased

Effect on,U Source

Bed geometry Bed diameter D
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Nicklin et al.[13]
Ormiston et al.[14]
Matsen et al.[15]
Kehoe and Davidson[16]
Carotenuto et al.[17]
Nakamura et al.[6]
Thiel and Potter[7]
Fan et al.[18]

Dry et al.[19]
Satija and Fan[20]
Shichun et al.[9]
Lee and Kim[21]
Clark et al.[22]
Lee[4]

Increase

Distance above distributor(H)

No effect Dry et al.[19]

Particle properties Mean particle diame_tgr(d

Decrease Ormiston et al.[14]
Fan et al.[18]

Donsi et al.[8]
Satija and Fan[20]

Lee and Kim[21]

Particle densityg;)

Fan et al.[18]
Satija and Fan[20]
Lee and Kim[21]

Decrease

Operating condition

Static bed heighf[ldr bed height at minimumDecrease

Clark et al.[22]

fluidization(Hyy) Initial increase and independent thereafter Satija and Fan[20]
Increase Lee[4]
Superficial gas velocity(U) Increase Lanneau[10]

Nicklin et al.[13]
Ormiston et al.[14]
Matsen et al.[15]
Kehoe and Davidson[16]
Carotenuto et al.[17]
Nakamura et al.[6]
Thiel and Potter[7]
Fan et al.[18]

Ho et al.[23]

Dry et al.[19]
Shichun et al.[9]
Lee and Kim[21, 24]
Clark et al.[22]
Lee[4]

Satija and Fan[20]

Initial increase and decrease thereafter
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Table 4. Summary of correlations on the slug rising velocity
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Authors Experimental technique Correlations
U Uy do P Py D He Ly
Lanneau[10] cp Us= (U-U,)+0.41/gD oo *
Nicklin et al.[13] U, = (U-U,)+0.35/gD oo *

for angular slugs
Us=(U-Un)+0.35/2g0

for wall slugs
Ormiston et al.[14] CP, X-ray Ug = ky(U—=U ) +K,./g D, * * *
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Matsen et al.[15] Us;=(U-U,)+0.35/g0 * * *
Kehoe and Davidson [16]  CP, X-ray Us=(U-U,»)+0.35/g0 * * *
U, = (U-Up) +0.35/2gD
Carotenuto et al.[17] CP Us=(U-Un)+0.35/gD *oox *
Nakamura et al.[6] Us,=0.28/ gl *
Thiel and Potter[7] CP U,=(U-U,)+0.35/g0 * * *
Fan et al.[18] PT Us=k(U-U,)+0.35/g0 ooox xRk
3 05 -4.2
K=24 (o] 1 Po [
b0 [1000p,-
Dry et al.[19] Gas tracer signal U= 1.15 U- U,) +0.63/ gD * * *
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0 [1000p,0
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Shichun et al.[9] OP U,=0.7613 U- U,)+0.35/1.19gD oo *
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—0.093 -0.616
- O 0
k = 85. O G0
Clark et al. [22] PT Us=(U=U)+U * o *
U* =0.389, 0.316, 0.243
for H;0.152, 0.305, 0.61 m respectively
Lee[4] PT Us=0.6(U-U,)+0.18/g0 oo *

CP: capacitance probe, PT: pressure transducer, OP: optical probe
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Fig. 1. Effects of gas velocity and bed height at minimum fluidization
on vertical slug length.
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Fig. 2. Effect of height from the distributor plate on veltical slug length.
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B, : contact time between slug and lower couple of pressure taps [s]

B, : average contact time between slug and pressure taps [s]

By : contact time between slug and upper couple of pressure taps [s]

d,g :average height of fi,qand H 5,4 [M]

d, : particle diameter [mm]

ap : mean particle diameter [mm]

D, : column diameter [m]

g : gravitational acceleration, 9.8 [rfi/s

H : height above distributor [m]

Hiavg :average height of lower couple of pressure taps [m]

Hnea :Pressure signal measuring height(average value of lower and
upper pressure taps height for differential pressure fluctuation
measurement) [m]

Hns @ bed height at minimum fluidization [m]

Hg : static bed height [m]

Huavg © @verage height of upper couple of pressure taps [m]

I :lag number [-]

L, : average vertical slug length [m]

n :number of data [-]

N : number of pressure fluctuation signal [-]

U : superficial gas velocity [m/s]

Ur  :dimensionless measure of particle velocitp fi(p,~py)dl™” [-]

Une - minimum fluidizing velocity [m/s]

Ug : slug rising velocity [m/s]

X : n-th value of pressure signal [mis®]

Yo - NH-th value of pressure signal [mmy®]

20|~ 2Kt

@y : cross-correlation function between x(t) and y{tfmmH,0?

(0N : sphericity of particle [-]

Py : gas density [kg/f}

Pp : apparent particle density [kgfm

T : average time delay between upper and lower signal [s]
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