3889

Bubble Flow Characteristics in Three—-Phase
Inverse Fluidized Bed with Viscous Liquid
Department of Chemical Engineering, Chungnam National University,
Taejon 305-764, Korea
Nuclear Chemical Research Team, Korea Atomic Energy Research Institute,
Taejon 305-3553 Korea

#*

Hyun—Tae Kim, Pyung-Seob Song, Sang-Woo Kim, Yong-Jun Cho®, Yong KangJr

Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2

T XAEETETHoT®E W %1 %%%m%
) — ol —_ — o0 — T
PEE TapuTucfr T% Ba #]75T
o Eo%u wmﬂﬂﬁ o AR o %Nrﬁy MJ
o M oF 5 B K UT_WHO anﬁ B = L]CE:; K 5%
o) o] o ,oEA],_,_tn_UmALOCHAA T HE Vﬂe@\dﬂ
N ™ 9 oo
Prers poficradls I RN {8 RO A
Ho U ) ~ - 1AWAzT Ho Al = o _ o No Nr Tm M
kg p W HEE gl e TT o P
o rrRrelT  Foer L2 ST
== o - S R SO N N g Mo %0 g
TR TR Tl V ok T
N 700 pul ok MH;&%A ol IHo ‘U!‘.J I~ B T Enﬂﬁi T 5
T 0oz 4o DmoEiha e Do N
AR —- wﬁﬂﬂaﬂz S 7@ Jo PN B
iy X o Mo . &l@;mm =5 L.ﬂjlho.m
= ol UTE X OT o T 0 o) O_ <0 1 X 3
il - LCEOEE WO %o o oTo & T b m]‘ﬂll
]O#‘ln/l_] ~ ﬁi JlO‘A Z..*E XY —_ ,I;OU _,i 1..01@! <
DA UHDIET Tgpre C%m _dour N T ~ " Mo 8
Z._Hmo = < B Ho T oo oﬁoﬂr.zo iy ,ﬂoioﬁom
qﬁ&ﬂﬁﬂ%ﬂﬁﬂaaW1M%%%o B ok < O
B o b R o o R TR MTE S g oF I W =
" Geor MG F R RN N N 2 of =
ﬂ_.dﬂ% o) L =T = — ok O 1y | X ~n
P AT WR T RS g e %, o X
e e m e MMl T Wy s
Dol e o R H U B M
me‘?llx_';,lmﬂ_ U.LHH.MﬂLnLﬂﬁa,QI W@L‘Wﬂ&oﬂdﬂ ﬂogoﬁumog.n
e m o XY T d 9 N W T W X
G TS iﬁﬂﬂ S el M- oT,# o
T REBTa o0 Eorm - = qr AR -l
& Tl o g o Tegg T 2T T 0 R o 4o ~ 38 T w
,IH]rL\_JII_.ENIUﬂ l_ﬁlHHﬂ fdmw_ ]}Qm”._quﬂro o &O
o Wﬁo_ﬂu,ﬂE iHJﬂMATﬁoﬂ@ﬂo_MMﬁﬂ‘_tx Eﬂoﬁﬁﬂlq
‘HAIILC ‘_._mOEE‘lo.Imeﬂﬂ/_Z QEEOEEEEO@Q_:TLCQ Jlllﬂﬂwl
Aol opmowe — T o db B o w2 T BN e i
ol ol %0 7 ol ° Mﬂ.&oﬁﬂ%&p & o B N B B Mo OF
_z#oiﬂd_lzowm ZH ;Eo,ﬂlﬂﬁmwﬂ_. ,@ﬁﬂHﬂ&LﬁleﬂI. _mlrﬂ!o_un_mu
T 3 = : B o °
Mo of © T Uo o%ovzoorﬂugwwnoﬂmoLﬂmM lwcumm P
oF %o ok o M Mo Zgr o SRR i ROT gy F o o " TR
e b AR N N T T SR e i
wad FRRIAL gz LK U o
=% g R TW T H BN ® D
ECle ST S G Y Ao Ul SR AL L
] %n N ~n T LR do T XK N 23! s XY o ) N KA D,u o)
£y THET T HPTRpmE ' HY T A T T KA

20025

=

f EE HEZ M2



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3890

H (Pressure fluctuations), Probe tip©]
H A7 E oA e dEE 01%3}
o 2 A7) A ee A (Electrical-Resistivity probe)® ' %

r:,
2
o
B~
rlr
riu
~
b

A 7F @A FAZE 5 =Tkl #
-3 Fegdoa AAG FFolt)(Turbulent Eddy)ol <] 3|

ety 71ze] e 4 Tz pEAE A4 4 E
of oJajx HFFFE& wol HuwE = V|x7F FHPFAH, =9, B 2 FEFY o
shar 713l JR7Re] PR} Atol o] Aoz ek 7S] EHE FEdT

ol
rod
N

=39 A7) Al Az 7] A4 (gas phase)@ A A A (liquid phase) & &
U A w=d, dAge] Aede Hoas A ASde J&EE 7HAA "k

F tip 7He "]E/\V}X}O]E o]&3ato] Ty AEERY 7|EASTHELE, 7
+T£7é01, NERNES 55 72 F AV =, 7 tip 78] WA E 4, 717}
g3l mF= AIZES ek sk 2 (1)9} 2= % &+ Ut}

QAN EY FEEE, U= %@Wjﬂm (1)
1/
HA7| o] A=A _ 1 <
O\—7]—‘-—‘/] o O /1 -1, Ub—nZIUbl' (2)
7S} FAAl, L= Uy-ty = t A fip A#())] 3)
17
s, 7129 FAD|(Lv)e 71E7k F tipAtelo] W A7 R RE A(3)3HA)e
ol et
Bt/ e FAgdel, L, =L ﬁle
_1l <
- n ZZlsz tZz
L& A
- n ZZI tlil ( )
ek

B oAToA AgE APAAE Figleld] mi whsh o] vl7e] 0.152me] 3 o]z}
25mQl ob=d e AHga

FF5 AAYARE DE7) 877.3 kg/m’eli A o] 0.004m ¢ TH ZEjlZzdA ¢
Ao} WE7F 966.6 kg/m’ol i o] 0.004me T@ Z g YAE ALgEH o,
o714 =gk Age o3& Fo Hy LEFHS AFESAT e AL A
(continuous liquid phase)2. 2+ &3 CMC(Carboxy Methyl Cellulose)o, 7] A Ak
(dispersed phase)2.Z2% AA3H AFF 75 AEeAt. FedAte] 9 f5& fs) o
LAALS FE5Fo FHoA FEE dAFEHSoRE LA 224 3] H& v 3
B o] oA FAbEE /\FQOPML 1, A F4E> A7 0.003me] +Hs AAHAE

SHAl i x|stAtt. stH, 71A FAHES e T shEolA FHEH FEE FSEEE
st =d 71 A LL’E}J wds FxE fdl 55 s el A7 000635 mm 9|
S HASHA 470 ghdste] £1E T o] el A4 Imme L YAE dATAo R W



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3891

=0] A&t

JNEEALS HA7] A3 B2 (electric resistivity probe)E o] &3dte] AR oA E AT O
0.5mat-ol A ZFAsR o, B [Ade 9velr gx oz HE Yo 74 o=
SEZ715 AH ADHEIE ALEste] UAE Az H3sign. A/DEIVE AR R
(50Hz) &< dlolg FS5AX(DT 2805 Lap Card)S AF&3Fe] sampled Z7]E 7z} A9
704 300071 7F B == slo] PCeol Y= AIZI & off-line process® &4 422 A 2ls}
o &l At

27 9 uF

AFFHeryE o= A5 dg4d IHE Fig2.ol yetlisdt 24 4z
M HPORRYH vdes ofdd Adaes Ayt Axge] Sfs Akl ojng 2
AeE A&, A AeE VxR Ae F 4 twEhs TEh

3 A A A 9 FESolA TARSel vz AEAA, dedidd vA=
d&FE Figs.3~4.° 24z UetdiAthFigs.3~4elA ®zukel o] 7] A f&o] F7kgHl
ek 7| Fe&met FFHd B AddHor Srbske A4S dEhed

AR A A A9 fFeselr CMCo S7kell me 7o defHes Fdade] W
3}Z Figs.5 7691 Uelth &4 #Hmrt Srhgded wel 7|xe Add4e Fts)
gom, v V¥ FeEeE Ahste 4TS B 5 db

1. Fan, L.S. Gas-Liquid-Solid Fluidization Engineering, Butterworths, Boston,
Stoneham, MA (1989).

2. Fan, L.S.,, Muroyama, K. and Chern, S.H., "Hydrodynamic Characteristics of
Inverse Fluidization in Liquid-Solid and Gas-Liquid-Solid System”, Chem. Eng. J.,
24, 143 (1982a).

3. Garcia—Calderon, D., Buffiere, P., Moletta, R. and Elmaleh, S., "Anaerobic
Digestion of Wine Distillery Wastewater in Down-Flow Fluidized Bed”, Wat.
Res., 32, 3593 (1998).

4. Garcia-Bernet, D., Buffiere, P., Elmaleh, S. and Moletta, R., "Application of the
Down-Flow Fluidized Bed to the Anaerobic Treatment of Wine Distillery
Wastewater”, Wat. Sci. Tech., 38, 393 (1998).

5. Kim, S.H., Cho, Y.]J., Song, P.S., Kang, Y. and Kim, S.D., HWAHAK
KONGHAK, 37, 916(1999).

6. Cho, Y.]., Song, P.S., Kim, SH., Kang, Y. and Kim, S.D., J. Chem. Eng.

Japan, in Press(2000).

7. Kang, Y., Cho, Y.J.,, Woo, K.J.,, Kim, K.I. and Kim, S.D., Chem. Eng. Sci., 55,

411(2000).

o8lEFse 0/Ed S& HEZ Ml2s 20028



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2

10
14 {‘5
8

@X

o0 PP (p 57 kg

oo

o018

o016

oo

ooz

Lyim]

PE (52066 Skgi’

s -
oo :?'/

02 03 04 05 05 07 08

U 10 s]

Fig. 3. Effects of U, on the bubble chord length
in viscous fluid three-phase inverse fluidized beds.
(CMC 0.2 Wt%)
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Fig.5. Effects of Viscous fluid on the bubble chord length
in viscous fluid three-phase inverse fluidized beds.
(U, =0.004 m's)

Fig. 1. Experimental apparatus :

1. Calming section 2. Liquid distributor 3. Gas distributor

4. Vent line 5. Resistivity probe 6. Valve

7. Amplifier 8. A/D convertor 9. Computer

10. Reservoir 11. Gas flow meter 12. Liquid flow meter

13. Air compressor 14. Pump
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Fig 2. Typical output signals form the electrical resistivity probe
(U, =0.006 ms, U, =0.04 ms, 0.2 wt%CMC, particle : Polyethylenc) )
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Fig4. Effects of U, on the bubble rising velocity
in viscous fluid three-phase inverse fluidized beds.
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Fig.6. Effects of viscous fluid on the bubble rising velocity
in viscous fluid three-phase inverse fluidized beds.
(U, = 0.004 mvs)
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