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Visualization of Bubble and Large Particle Movements
in a Fluidized-Bed of Binary Mixture of Particles
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Fluidized-bed combustion systems are composed of many kinds of particles with a

variety of sizes, e.g. coal, sand, RDF, limestone etc. In such a binary system of particles, the segregation,
if occurs, may harm the combustion, mixing and heat transfer in the bed, depending on the particle
movement. The particle movement or circulation in the fluidized-bed depends on many factors, such as
the density ratio, size ratio, shape of particle, fluidization velocity. Owing to the difficulty of flow
visualization, such particle movement has not been fully understood so far. This paper describes
large-particle movement obtained by the flow visualization using neutron radiography. Tracer particles
mixed into the fluidized particles indicated clearly bubbles and the cloud behavior around the bubble.
Image processing, i.e. PIV and PTV, gives rather clear understanding on the interaction between the
large particle, emulsion and/or cloud behavior in the bed.
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Fig.1 Experimental setup.
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Fig. 4 Segregation map [31], open circle: present
experiment and solid circle: Ozawa et al.[18].

B TIRESEELIFITN T3S, BRIEKLEF TR
RENTWAHEEHVD) THD. BRRIFOEBIE
ZITHLNB2RIEEM (FE#) KBV TKE, BH
FROEEEHDIENCEHEEEL E 2605, Eitk
BT RR - FOE LML BOHRCRESN, BiEic
BIL Tidhilk, AEL2RECEIFENYLETHS. &
ZTRIRDAF —/VERDPSBICHFIT LAOHEEIEA
THILTRRMFOEREBHRESICO,BL T RL
TW5. DFEVARI=T AR BRHEFIZH L TRBHATH
Y, 3EEREOKRSTHNITTEILERIOEHIC
EOFERBERDDBIENTES.
FERICEBWTI, AR FLL TR FO
12, BEHIEIE1500kg/m ICHEB L/~ EZE3 Imm, £
52mm (8 4 B R42mm) OO HHMIEER (T1Nbsr
—ANCHRIT ADOHEETRALIRFLERLE. =
Lo THARIFEDLODIERICE > TR KB FD
EHIZEAEORNAEMHSE DLIRHHEZITEDH
EHIRERBTALNTERLE L.
ZHODRAKBLF LFREHMERLF D BIE % HorioH(31]
DESVY —arvy T EIZFaybLI-bOdsFigd D
hESaybTHD. 22T, ETEISVY —arey S
DEFIROEER, ROTICEEIC OV T BICNT
<. Horiobi3 K% % E I (BCLCOERIZTLEMR
2ERL THREH{LRI FO L IBEIC SO =H0),
RIRI (KRLF ORI F BT ITIEIETEBD
EXNDERZ R ENICIRE) , FHEMLERE (RRE
DREER THHIRT, 28 F MR U HET LR 48
EBLDRMERE) ICESVWTEALE. £EHBITE

DISNTFHESHBER TS,

AA HORLFRT VLR LLITE 22
TiERR+ 50,
KREVRIFANEGANC LR+ 3R

B, C AR F D FHREM LR F ORI %25

No. 4 (2000)



5/30s 6/30s

9/30s 10/30s

7/30s

11/30s

12/30s

Fig.5 Single bubble movement visualized by neutron radiography.
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Fig.8 Visualized image of fluidized bed with large
particles.
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Fig.9 Large particle movement induced by single bubble movement.
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Fig.11 Behavior of fluidized particles induced by bubble
movement.
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Fig.12 Spherical particles in fluidized bed at //J,=2.0.
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Fig.13 Spherical particles in fluidized bed at J//,.,=4.0.
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Fig.14 Cylindrical particles in fluidized bed at Jo/Jgn=2.0.

RS AIEMALhER ST, RBIITHRON (equivalent diameter) [m]
2R ROEES TR, EMEMNTIEHIARKRT g: gravitational acceleration (m/s’]
OFEELE R, RDOFAE O IR EBER Z B DN Je:  volumetric gas flux
BRPRSOMEORAICHF S TILOLERZTH (superficial gas velocity) [m/s]
5. Jemr:  minimum fluidization velocity [m/s]

A% T 78 1k TE AR 11 4R BE R WF e AR R A kR aF R uy:  bubble rise velocity [mis]

(No.9180)ICkoTeb D THY, E-AFRO—EILF ug:  gas velocity in emulsion phase(=Ji/ €, ) [m/s]
BEHNEERSTFER &L (EHUTFR e,: void fraction (voidage) at minimum fluidization
(B)(2)No.11450091) Ic koo ZE &L, HEEET

velocity (-1
D. p,:  density of fluidized particle [kg/m’]
Nomenclature SFEHE
d, -average diameter of fluidized particle [m] (1] ¥Eig, #ER, BREW, ROWEORELTE,
Dy:  representative length of bubble pp.125-137, HEAUE (1984).
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Fig.15 Movement of spherical particles at J/Jgn~4.0.
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Fig.16 Movement of cylindrical particles at J/J/gn/~4.0.
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