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Experimental and Numerical Investigation of a Three-phase Fluidized Bed,
Using Particle Image Velocimetry
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ABSTRACT

Due to the importance of the impacts of spraying a liquid into FCC riser reactors, the hydrodynamic characteristics of risers
have been numerically and experimentally investigated. Based on a 3D transient model with Eulerian approach, a cold
simulation was carried out in conditions similar to flow in a FCC riser reactor. The governing equations for the phases and
an equation based on the kinetic theory of granular flow (KTGF), as well as the dispersed turbulence model were applied.
The governing equations were numerically solved by FVM for all of phases. Besides volume fraction distribution of the
phases, solid particle velocity was determined by utilizing a fast digital image capturing system and particle image
velocimetry (P1V) technique. In addition, the particle velocity profile in each height of the riser was obtained via image
processing and the cross-correlation algorithm. The results of two-phase simulations show that in most axial levels of the
riser, there is a parabola-shaped velocity profile so that the particle velocity near the bed walls is lower than that in the
central regions. The results of three-phase simulations revealed that the injection of the third phase into the bed leads to
phenomenal changes of the flow pattern. Our results based on CFD are in relatively good agreements with the experimental
data.
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4- Cluster

5- (GFM) Granular Flow Model
6- Continuum

7- Four-Way Coupling
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1- FCC (Fluid Catalytic Cracking)
2- CFB (Circulating Fluidized Bed)
3- Restitution Coefficient



oSS &l i (518 dus by S (g03e (gl A 5 (055 ()

§ Sz odezmn by Ll (NisSar (gw)p d00 yo (i glgil ) S
S gyl ppaar ailols § WSl axsl SaSay LT o Shoe &l 3!
LS cn (Sacsibangly a5 ol olas LT s [YV ] Wl
STl oo 2alS slabaxde LB jsbas 515 co b aslie jo mlbe
elas; SiSS (655,54 5 CFD (g3lw Jow 5l oolaiul b il ) S 4
‘) s S g0 L_J GE...?!A B QL’P \5)‘5/.:/95@ 05.“;.: aQ g.abb
s Awdid A4S a0 0 WSS Ao (PH RV SIS g VS
[yl Wlse way bS50 6 poslhe o) wil o)l

oz 65 s 44 CFD Slawloxe 1 oolail b 50 pol> I8
Ly st 5l (AU sladglis g axlo py pgus 5B H9a> b 3l5 (09,0
bl b o5l oo g, 1y Sl s 5o 00l 28l mle LB pus
O90)] abiizme 5 bolgs S pe pulai ) pl) Glise sl yo bz
Sl Yol )b > Glawe (goman (gildon b .ogl o 00l 7,4
0951y S o A (Llas Sl Sl g i L8, (pw)p pslaieay
Gildie culoals o g el s Sl WVYIY susls 4 onig YL
33y e ol oS Dbl e e 5B Ll (Salinng aen
Lol ol g e s amje8 @)l ool (g 3lwdd b
S glpdiasiiio (Sealtydg e (53lutnd I ol mls (S5
2 sloosls S L (gilvand gull 09l 0 oy Jlw
mad @l (S b ee (e el PIV (655,54 5l ol
Byl olpen 4y ) o> Cidlge oy sloosls b Gulaie (g5l

&1 LojT Ailolus —Y
Pl 3l Gl 6o g Sl fm Sinlindg )i (o)

o (s e (ST ablate > LboasSTy 5B jeas 51 ot

3 b ojlgm b B 0 Y Jgam ;o zyoie Slpgas g Il Jols

] 00 ‘59)&0

1- Particle Image Velocimetry
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1 - Beam Expander
2 - Synchronizer
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1- KTGF (Kinetic Theory for Granular Flow)
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1- JPD (Jet Penetration Depth)
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