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Ho, 2B, HEBHTHOEHTEHRT 2,

r-direction

(%R (&0 1) (v Ay h)
d2r de P P de
(Mo +M){ -r( Y2} = Mo — rw ? -M. 2rw —
dt? dt P P dt
(EAH) (iE#H H)
P 1 dr
+Mo —— gcos(w t+6 ) — pimde?ls — Co
P 8 dt
(1-1)
8 -direction
(EHH) (E.0H) (an 4y Hh)
dr de d® 6 P dr
(MatM)(2 — —— 4r ¥ = -Mo (200 — )
dt dt dt? P a dt
(Eh) (EHH)
P 1 do
-Mo g sin(w t+8 o) - — pimwde?lUe —— Co
P 8 dt
(1-2)

TP, PoBUBIUNADEE olBo-—45-0HEE g EHNEE,
GEAMOERE 6 RAHORET IO FHONEGRNEERITSS. LA
BOHERY, ARMrUHEM KBOLRFERELBEsRATERES.

Mo = (7 /6) pods? (1-3)
M=Cilpi/podHe (1-4)
Uy = {(dr/dt)2+(rd@ /dt)2}'’? (1-5)

Cviz#itAdh e LRI ZHRERBICH LT 22", [AAOEHNFEMCoZZ KX
XERANWSE 'Y,
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Cr=1+16/Re (1-6)
AAMND— Y —AFr TREHBFELTEENERELTWSROY MR E L
To@ED &Lk
dr (ds/2) do

0 : r=ro, 6 =0, = , =0
dt fu dt

t

2, RBEBBELUTHIEK

EHRBBEOEKEFiIg.1-1KRY, 8-y -0 HEZF0.InOAEMIC, XIVHED
FoTHs a— Y —-—RHPEHO vy 7 P 2EHRETERBOVARL FEHCLIOA
mXtEhk, "ARYY 7 b0 —-HWOAD=AN Y- VEIDEHREMIZAD, /
Aol Ehas HHLE, ZANVOAEDIX0.002, 0.003, 0.004,
0.006mD 4T H 3,

AtuRAa—-Teyvvour4¥F—2ALTE Y- EONEBHR A
b, BHEHEENOOMERBLISCHAHOMNSGEALE, 20K NVLTTH
ZABEZHAELIAAE2 ) ANVDOEERNICREZ Y, BRERBLIUCHRPOREED
ASTERBELE CORAFT 714 VLEEALTRAER S22 HE Lk

ERICERALEBERZ VLY YKBHET TARIVY T Ly Y -mhb0ZERS
JUHARYRhOMBEII2BEREEHLE. ERZHOFM % Table 1-112 xR
.

o —%—0EEHZI0~16.Ts 'O 8HE TIT- .

Table 1-1 Experimental conditions

system Mo p 1 X 10-3 o x 107 dox 10% gas
[Pa-s] [kg/m* ] [N/m] [mn]

1 0.124 1.23 54.8 b air
2 0.216 1.10 69.56 2 air
3 0.143 1.10 67.9 3 air
4 0.136 1.24 §9.0 b air
5 0.830 1.24 68.0 4 N2
6 0.1560 1.22 69.5 4 N2
T 2.80 1.27 66.5 4 N2
8 0.210 1.24 63.5 b air
9 0.214 1.24 64.8 b air
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Fig.1-1 Schematic diagram of experimental apparatus



3. REBERbLUER

3.1 MR WEE
JANTRELEBEROREEOEMMEFig. 1-2ic 7 F, KoBEE
Bond®(T, ENBIEBWT p1dn®g/c TEHEI NS/ ANVBEREDBdBROES

MEEez ) ANVMNBETORBLMEErow iCEEMATHW =
AHROELIDREREOENEMOREERZ IR WE N AHE TH — 2 & #78
ETRIZBEOENBORNBVEREL(I-T)''"’THERX6ND, BLABTRERE
BondBZHAWTHRED L T35 LEq.(1-8)L 2%, MPoDREIFEe.(1-8)ETRL, &
ZDsystemTEJBICHYE T 5EEBodiOESHETRT,

(7 ds?/6dn®)Bo = 0.897 (e /pw)?® '8 (gravitational field) (1-7)

(mde®/6dn®)Bo’ = 0.897 (/) 18 (Centrifugal field) (1-8)
BEOLHBOERMABERENABICEANIZL, HEBEIBATILHECHLT
%, &R /JANVEMRALRLOE, BHEMNKREIR2LAREIHKXT 3,

3.2 [k

BOhWBToRAERE XBOLRLHBEZEELTD, Zo—HfEFig. 1-3ICF
T, MoMMEEMORBORFabKHEYEFLOLTH S, EHEHKICd /a3 H
DL, ABMEERKER2, BONBTRESMBER IDABCHIBLHDMNER
0 [Ed@tE:EYRBCER Tz LR, BRE2EELESE2NSG E
527 5.

FRHEEMEFETRENKRELES, Foa— P rYRUUTHRHEZRZ LS R
tail2 > RAMNBRERINZ LS ok, ChEIBERTmTOEDNEZ L AT &
PHEAEBOILNFILLIZ2BOT, BLINERFRAOHEARLFX LM S,

AFEBoHBETRAABREFig. I dERT L5 CEBHOEERS IV R T 2
W, BHMHOBEEAELRY, Fig l-5KRLNBLDICHMEMNEMT 2 L
KM IRIR (de/a=1) I 3 D <,

BEhBoAABRLIEET 2 -0Bhagas ' " 2O ENRORBE Rnapkiz, &
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BABOe=0.IMic B2 REAKRERAEBELOE EBond #HBIIC L o TAM
T5LFig.l-BlcRr 3, SABRCERLEABERG/c0RMETH 2. BEHBOR
BFREAOEBCHI2RANTOIRFBICR2 IR 2, ALANBoKRBRIRENSIC
ERRETH 2,

3.2 [MADBLEF L R K

EWLERAROMBO —-MEPig.I-TeTT, MPOEBILH-—EZOREHA
LLEBADES.(1-1),(1-2)0HBHRTH 5, EMOMB Lt EMEEEE -
TH2HbO00BHEMETELTAMNELS, CARKABRKREARIE, BEETO
ENZ BECEIZBARTDEFOALIAFC L2 Ebha, £E-ELHBT
RREANERT 20K, BOLANFELITIOoOTCLEERRR S L, BEK

AAENKE<AEBKRT S, L LBEMECBERDZ W,

. EbhABEoRA(RER)

1. EnBoRHEORMEFOMROBRE

MBBORBEREERET, THEEBCYxz—-HTFEMNEFELRBC A
LTERTD, Roweb ' "B ovzz—JHBLtARBAMOE(Tz -7 2%)%
HELTW3,

HHBRETERITZIABEDKD2WVWT, ZwWE'""VREBILERLETRAANE=
AREN TEHRCERTILHAE LABOET AEA»o XX 28 H L 5=,

e (U-Unr)? 3.75
dpe = L8088 ( )2 = (U-Uay )2 (1-9)
2 g g
AP OU, R T A EREEREBLI RN EETH 2,
MEATHRARRERLLELAGURZRDELRMOGRRLAERREAL 23,

REORESILANAMEMBEITAOHBEBRICLLIoTBEEWKEES LA, K
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MHEMXKE 2 AERAARAKLZVWLVWSIREEND, BRAAEEd N
ETa2tunwbhTwa, Hori-Wen' ' RAHAOEKEN DEENI»LKOD
dene-DHERAXERBELTWS, LWREBBOWBEMETH 3.

demax = 2.59g° 2 2[(U-Unr)Ac]2 4 (1-10)
RAEREBEREEAATERAABG PGB ARBEdiaaxn A >TEMT
5, [WEHRGNE®:20, BWOEE2ILThEPHANBEOBERE T HRANHR K
DO Mori-Wend '~ T &K ¥ B,

donax — dbo z

= exp(—0.3 — ) (1-11)
domsx — dbo Dt

iz B OAAEHBEANERZL TW S,

2. RBRXEBLUHE

Fig. 1 B ERZEOBMBERY, REAKREHBLo -y -BroBRE R
THED, HOBRIEWEEBOVRV MEHIC IV O -y —CEFSLEPEGHZME
EEE5MET EEHKEE.T~20s'OHEATHS, O—F%—HOHNZEIL0.284n
THHOKRBITURBRBASHBBTEZILS5KEBER7 7Y LRETH S, 7
BUIR AR A E0.16m, AEOIMnO HEBUBBEGE(LELOB L T202m)THY
#84%0.0153,0.0453,0.0953nD 3@ T H 5 A, Z 2 THO0.0163nD b D £ HEH L %,

AT ABRAI = IV Y-V TEHEEAEFEMOWMBEI»L RREBICAD,
FEHFE2EBLO -V - A 2B RABEERTRIBA~SLHE N B,
FOBHAROI -V —FLOEF0.0nO A HONEBAAHHE N3,

EREEY, HFE2O0—¥%—C0.2kgREL, AbuFAa-—-TTHEOCHEYK
&by, HMFEENABART—RBERALH>ICEDREMR, Wil E &k,
ToH FEOHNARBEARL -9 -—ERTHTFORBIERELEETHER
L, EDOANTANVLERALTRAOBRBLIVAESZIE2MELE FAEBROD
ESE O M 10~20s" ' TH B, FLREBICAHVWENFRESIDWIRACHEL
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XS AE—-XT, %0HMETable 1-2127 T,

Table 1-2 Diameter of fluidized particles

de X 10% [m]
P 1 63 - 88
P 2 106 - 1256
P 3 126 - 149
P 4 149 - 1717
P 5B 210 - 250

3. RREBRSIUER

3-1 Xk ik
BLOEDECRAAOTHO - EFig.1-9FY, RHARELBLAR $HRE
TFHBEV 2 - I BNFET S, Fig. 1- 10 RmRT LK z2—7DAEO.2EFERM
BUMEL, "x—27LHAZRMERELYVz -V DERILEZRXATHBEL E.
4

fuo = (1-12)
{2+3a" -a"2-(b" /&’ )2 (2-3b' +b’ ¥} }-1

6 . 6.
), b =sin(
2 2

a' = cos(

)

Cof. bR FEOMMBEEFIg. I-1IER T, PO EHIERoves' " "D EHB TO
ERT, BLOFIBofLE EHNSolNFELORZIMEHROELRABRDEE

0.4T » 5,
3-2 "MW KEX

EMoRBEFELOOHLEH LEBRHEHYARAELOEE(BEET)TMNOE/LLD
— ] & Fig.1-121c R T, BL2O0EBRFFTOdozoWMEME» BRI R T4 BRI
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Fig.1-9 Photograph of bubble in centrifugal fluidized bed

Fig.1-10

Schematic diagram of wake in bubble
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Fig.1-11 Effect of particle diameter on wake fraction
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(1) BhEBE
COBNAAENFBBRTCRETHIAABLEESE LWEER, BEHBTC=®
ST MBRULTWISAERETCER S M3 AAEZOoREREC(1-)FOES
MEEeEABRBRTOBLMEErow  TEEMARIL(I-1DDOFEEL ZHED
HEETok: T ROBKEBEON A EE, U BABKBEEDR IR
WiLEETH 5,
3.75

(Uro_Umr)z (1"13)

demin =
Frow ?

EOMREFiIg.1I-13cRYT, PO E/RMELO-1NOHFABTH B, EHO
doninEEFHMBE LD KERMLRZ, CARBTAEEONDZWHE TR AEIAK
MTEH—KRBRETIODTRHAANMRAPT VWABBOBAZTAMNSFE NS
EHOCERTA2RMANAREL DI LEALGINS, COCLtRENBORBHETD
Bz (Htoe) LALFAERENAELEAEHMN A EWEEOERANR
FEHEBEELEES L 23,

(2) mA&AE
denink AHRIZ, Mori-Wen' "' O BRAXMBEOHENREL.(1-10)H D gErow.?i2
RALEQ.(I-1)OHFELdonaxDEFED LB E T 72 (Fig.1-14),
dbnax = 2.59(row2) % - 2{(Ura-Unr)Ar}? ¢
(Uro=Unr)?

2.69M % A {———}¢.2 (1-14)
Fow ?

1

Mo RiEMNEQ.(1-14)h DA L LTHBESBRROMBEEI.2X 10 *n2 % FH w1
BOFTERRETH S, EAEBWThoEHER HTOoOBGCLHEEDONL/IL0
BEoMIZR 2, BLRVBOBRBENBORIBILRERECNEL, FE
BOBED0.2nBETH S, LEMoTRAROSHKOEENNXL, EHBTO
mAIERAORBECRRELRWEE X 5N 3,
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(3) RUEFEOEEHAAH
ﬁmEWﬂiﬂEuEEéfEmTaﬁ,ﬂMﬁ%E%thwniixﬁn
ERZ(*E)IRATHHL2LL, ENBOBALARCRABAEHRLENE KX
KB2EVWSHARS S, SAOAHRERT EHAARLBEASABROE
CNECERABBUEVWAEZORAANBERAMTBHEEINZZ L ¥ b 5,
BLORWBOFXELIRNORNEATOXLRT — Y2 ENBOBENELIROR
ODXRKXTER L -,

dhma: = dh

= exp[-K(ro-r)] (1-15)

dbnax - dbnin
Bq.(1-15)HF D donink L TEq.(1-13), demex® L TEq.(1-16)% FH W, K=200%k L
EROGBEBEREFI.I-RFOERTATYE, FATFLROBRELETE 3,

domax = [2.59(ro@?)"2-2{(Uro-Unr)At}® *]1%x 0.06 (1-18)

-3 [WERANBVERABERA B O LB

BLNBOXBER JEBERowThoRily, EABCERERTZIERAOKX
EERNELBB, CARAAVBRBCHEATIBLOACLIB LD TH 5. £
SAOERIABERRAA TCRENBCEARARE OV R BoEH £ IELT 3,
LA LAERAHOMRIENDLEERRTHY, SABFKLIGTHECH—F
RTHh2 ABRALETRABFAANFELI AL LI TRBRBRENEEZI DK
HL RAEBRABTREFRI-THELREZBRMAAATH) —EMNLRAERE
ELRWY, CORDARRBIVAERANOMBRELDZLEXb N3,

-
o)

BOLONBECBII2ABOEME2ERELE STELNBOXBRE QA0 E
BmEEBRPMERELE BWTALABEAOREORK, AEZE2EBROCR
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®, UToMmA%EiE,

DELABTERTSIRAOREZIREAHER KERFWTROoBEKCD, HI
BlelbrhE{AEHOMALERLD T 3,
DELNBOLAHRE - SEONGE, BEEEEIBRVWISAEACEN HER
Bgs. (I-1), (1-2)O Rt EHR L BE—B L &,
NBLANBOABRORBOFERBENBILERREETSE2Y, BLRIBEOD
AERFBOERTENBORBLBEEDLY, P2 —7HFEN0.4TH 5,
DXABEBRBLRDBORNDAEED XWMEFEEQ. (1-13), BRARBED XWE G
Eq.(1-14)o M 1/10pETCIEEHBETES, FLERIFRNOoORBEORLLBENS
ERARDEQ(L-1B)TRIT LM TE B,
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Bo'

Co
Cv
ds
dona
dbni
dbo
dn
Dt
ds
fo

fu

n

X

n

Nomenclature

area of distributor [m2]
longer diameter of bubble (m]
= constants in Eq.(1-12) [-]

Bond number

pdatg/o

pide2g/c [-1
modified Bond number

el |dn2row2fo'

p1de?row ?/c (-]
drag coefficient (-]
virtual mass coefficient [-]
bubble diameter [m]
= maximum diameter of bubble [m]
= minimum diameter of bubble [m]
initial diameter of bubble [m]
nozzle diameter [m]
diameter of fluidized bed column [m]
particle diameter [m]
frequency of bubble formation [1/s]
volume fraction of wake in bubble [-]
gravitational acceleration [m/s2?]
constant in Eq.(1-14) =]
added mass of bubble (m?)
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Mo

Re

Unr
Ur

Uro

mass of bubble

Reynolds number

delUv p 1 /1

radial position

outer radius of bed

time

superficial gas velocity

rising velocity of bubble

minimum fluidization velocity
superficial gas velocity at r
superficial gas velocity at distributor
void fraction of bed

angular position

angular position at bubble formation
angular of wake shown in Fig.1-14
liquid viscosity

liquid density

particle density

gas density

surface tension

rotational speed
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[rad]
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[rad]
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ETBELRMBEB I 2N AN TFEF 2 BB T 2RECHZENEEAP .
EBRRIKREENEHRAPtota EABHERNOEADBREAPsistrivuior D HR
ATRDBIZI LN TEB2-9,

APsed = APiotar - APsistributor (2-1)
CODAPro i AN HIBEEEONAEEL KLHLTHRBLEBS BEBRLABE
BOE2DTF — 4 E2AFRLERANBENBORYB B Y 3B/ R EE Va2
ML ¥ 5,

BLOFHEBOBZEBHE TCORENHAERR XKXTHEALI S,

dp
= gU+¢ 20,2 (2-2)
dr

TR S, @eFBrgun2 iz kb,

Mo
¢ 1=150(1-¢ )?—— (2=3)
e3(@pdo)?
P s
62=1.75(1-¢ )— (2-4)
£3(¢odp)

CCTEeRNTFOERE, . RHEFOBRKFERERT, IEEFreodAER
Ur i

Teo

Ur = Uru( ) (2_5)

r
THBHMH, Eq.(2-2)K
dP Uroro Uroro
= ¢ ( Yt 2 (
dr r r

Kb EBRTOENRERXRATER %,

i (2-6)

dp ve?
= (pe-pal(l-&)— (2-7)
dr r
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CZTvelKIFREOMB MO EETSHY, HBEEEE(rigid body rotation), H
H i (free vortex motion), —EFHE DB A, &K ~Eqs.(2-8)~(2-10)THE A bR
6?-10]'

Vo = wT (2-8)
Vo = wre?/r (2-9)
Ve = o (2-10)

BOFRDBoONFREOENEHEREILEVWE WbhTWAED T2 9,

dP

— = (po=-pe)(l-c)rw? (2-11)

dr

TTHENErCONTFEORMALME £M4F EEgs.(2-6),(2-11)2FEHT A2 &
CEDHBeoh3, ZCTrRRBREOEEr T hiIBRHEABFORFNEDL
T 2R MRDIEHBEE Va2 528,

g t{d 2+4g 2(1-& )(po-pelriw?}t-e
Unrs = (2-12)
2¢ 2(ro/ri)

COFRMIEEHE2BETEREABERNAEEOHMEE I LEFEOAE WE S A

LA, PN TEL2EIFKEHLE T, COBOATAEENBEHBTEFEFRA WS

hA3BENWFHALERE I ICHUET N, COoFEBFIEDWTEHWLS 2hoHERHHE

BEhAhTW?3A,
Levy2 ' VR HBEBLHEBBL BT 2BAEER(DEELE)r.THADR
BEHMERFEL2BEETHANAEERELIA3L0HBEREZRELT WS,
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Nomenclature

A,B,C= constant for Eq.(2-16)

D = constant for Eq.(2-18)

de = equibalent diameter of particle

d» = particle diameter

F = force exerted by gas on particles in bed
G = effective weight of particle in bed

g = gravitational acceleration

L = distributor width

A Pved = pressure drop of gas through bed

APgistributor = pressure drop of gas through distributor

AProx = maxmum pressure drop

APtotsr = total pressure drop of gas

r = radius

ri = inner radius of bed

r« = outer radius of bed

t = time

Ur = superficial gas velocity at r

Uro = superficial gas velocity at distributor
Unr = minimum fluidization velocity

Unrs= surface minimum fluidization velocity
vo = tangential velocity

W = weight of packed particles

Z = centrifual effect (=row ?/g)
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u

void fraction of bed

gas viscosity

particle density

gas density

first drag coefficient defined by Eq.(2-3)
second drag coefficient defined by Eq.(2-4)
sphericity of particle

rotational speed
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Nomenclature

do = particle diameter [m]
g€ = gravitational acceleration [m/s2]
h = bed height [m]
He = initial bed height without aeration [m]
Hanr = bed height at minimum fluidization [m]
L = distributor width [m]
m = constant for Eq.(3-8)

n = constant for Eq.(3-2) [-]
N = rotations per second [1/s]
Nv = bed expansion ratio =]
ri = inner radius of bed [m]
re = outer radius of bed [(m]
$ = standard deviation of bed height [m]
Us = bubble rising velocity [m/s]
Unr = minimum fluidization velocity [m/s]
Ure = superficial gas velocity at distributor [m/s]
V = bed volume [m?]
Vot = bed volume at minimum fluidization [m?]
W = weight of packed particles [kg]
B8 = constant for Eq.(3-2) [-]
e = void fraction of bed (-]
€nr= void fraction of bed at minimum fluidization (-1
@w = rotational speed [red/s)
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MTEBHAT 7247388, 670040 Yupiin - oOWORASEED 22BN
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3 s Unrds

Dse = (4"1)
186 (1-6) Emt

EEMEOERRIBOERERCESCAKEFAON FRAEHRICHE L T ik#
EAXMNEL<REEZRhTWS, Zhb%Table d-1lIc 77T,

Table 4-1 Evaluated Equation of Ds.

Investigators Evaluated Equation
U’Un
Gabor(1964)*-\» Dsr = (3.72x 10'5)du{£——§—Ll A (4-2)
4=-6) g
Mori and Nakamura Dai = 2.7dp2" 2 (4-3)
(1985)
» U-Unr)B 6.2 (U-Unt) Ha
Hirama et &l.d = ( 2 = { ! }B-I(__r )-a.s (4_4)
(1975) Dsr fu (gB)as B
- sr U"Um dp Hm
Shi and Fan' . = 0-45{( & pg}"'z'( -y 24
(1984) (U-Une)Hnr Mo dy
D -
e L (4-5)
P
§ = (U”Um )
Kato et al.. Dar = 0.0026d,20Upr2- o8 STR (4-6)
(1984) Ullf

BORHEBOERAMONFREBAEEARELHESLSIN HATHOERESGR
BERTNGROEELERFIN7Y —K—FTOHFAFLCLIOHEABAMIKK &S
BWMT Ao rickhEHEEAZSY, SHLLUMTRORGEENBLAR —&
SR MES VTREBEWDATVAN Y, ZORGRBEERNLERL

= 1 7 W
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ac g2c

) (4-7)
dt a8 x?

CCThrL=-V—HFERILLBACTRELELETZ L, IIMELHR

t=0, 0=2x=Le ; C=1 (4-8)
t=0, Le<xsL ; C=0 (4-9)
FREREMHR
aC
=0, x=1 z = 0 (4-10)
ad x

Eq.(4-7)% Eqs.(4-8)~ (4-10)D RHETH &

nz Le T X n?mw
) cos( ) exp(-—

Det)

(4-11)
E.(4-1DK IV ERBONES IUTURKHOMN V-V —HRFORENFETEZ S,
FEHEOXKTEHARAOREEL%0.1n,L./L=0.5,x/L=0.952 L T, D2 EHBE QI E
DEACERBEDA—Y—TH52x 101 50.02x 10 *FTELZELBESDEL (4

SI)OEFEEEPigA-1KR T,

2. RBRESLIUTHE

EHREBOMBEFiIg 420 T, ARBEMHEREHAE20un, HHERFHE
0.0453m2 0.0953mp 2TEXE 2 EA L %=,

FRBICHER LN FiETable 42 R THFEORRIMMBPON S A Y —-XT,
P —H —HFLLTRA—-DHSAE—ZAREFEAVFTERALEZLOER W,
FERL—P—H T LRBHNTFOREARLYODMEREDLRWILET DR
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V7R —7TCHREORBTORKEY YT V7L,
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REABIZD E1500~ 2000 EFOR FAEMCEINL 2 HTFEoDETne-1k
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TOEEEEARXEEHTHMELE ERALEA YFORABAIME L 134900nT
HH, 490mmTOREFRL PL— ¥ —HFERECHEFig4-30 LI R EBBEREIR
DIAIS>DT, FALEMN V-V -—BLEZIOoMEERD NV -V —RTFRELZIE
L 2,

Table 4-2 Properties of Fluidized Particles

dy, x 10° pex 1077 Unr (N=9 s~ 1)°
[m] [kg/m*] (m/s]
G-1 63- 78 2.40 0.043
6-2 105-125 2.42 0.220
6-3 210-250 2.43 0.632
G-4 250-297 2.44 0.894

* Experimental data for W=0.6kg
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De

Dsr

ds

do

fu

Hot

Uro

Unr

Nomenclature

bed width [m]
tracer particle concentration =]
lateral dispersion coefficient of particles in a centrifugal

fluidized bed [m2/s]

lateral dispersion coefficient of particles in a conventional

fluidized bed [m2/s]
bubble diameter [m]
particle diameter (m]
volume fraction of wake in bubble [-1]
gravitational acceleration [m/s2]
bed height at minimum fluidization condition [m]
bed height [m]
absoptivity (-]
constant in Eq.(4-12) [1/m2s2]
distributor width (m]
lateral length from wall to partition plate [m]
rotations per second [1/s]
radius [m]
time [s]
supeficial gas velocity at distributor [m/s]
minimum fluidization velocity [n/s]
weight of packed particles [kel
distance along the dispersion direction [m]
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volume fraction of bubble in fluidized bed

void fraction of bed at minimum fluidization condition

wave length

gas viscosity
particle density
gas density

rotational speed
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[nm]
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Table 5-1 Partial Fluidizing Model
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APbeu W OHR A APbog W O ¥ OH

& E g Eq.(2-15) Uro= Unta Eq.(2-15) Uro S Unrs
Unrs:Eq.(2-12) Unrs:Bq.(2-12)
B4 Unra<Uro< Unrec Unre<Uro<Unr’

7 @146 Eq.(5-2) ri<ror<ro Eq.(5-4) ri<repr<ros

ror:Eq.(5-3) rsr:Eq.(5-3)

e & E Eq.(2-17) Uro 2 Unrtoa Bqa.(2-14) Uro2 Uns’
Unro:Eq.(5-1) Unr':Eq.(5-4) &
Eq.(2-14)
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Table 5-2 Diameter of fluidized particles

dpx 10°% [m]
G-1 63 - 75
G-2 75 - 88
G-3 88 - 105
G-4 106 - 125
G-5 125 150
G-6 150 170
a-7 170 210
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Fig.5-2 Relationship between interfacial radius and gas velocity
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Fig.5-3 Relationship between interfacial radius and gas velocity
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Table 5-3 Mixing Condition

Large Particles

G-2 G-3 G-4 G-5 G-6
E G-1 c b
E G-2 e b
E |
: G_3 c
'% G-4
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i
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ERBEBWTRRE2E T LMNBELBN LR 2 .
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Nomenclature

de = particle diameter [m]
F = force exerted by gas on particles in bed [N]
N = rotations per second [1/s]
P = pressure [Pa]
APbed = pressure drop of gas through bed [Pa]
r = radius [m]
ri = inner radius of bed [m]
re = outer radius of bed [m]
ret = interfacial radius between fixed and fluidized beds [m]
U. = minimum fluidization velocity of large particles [m/s]
Unt = minimum fluidization velocity [m/s]

Unt'= minimum fluidization velocity in partial fluidization model [m/s]

Unte= critical fluidization velocity [m/s]
Unteo= surface minimum fluidization velocity [m/s]
U = superficial gas velocity [m/s]
Uro = superficial gas velocity at distributor [m/s]
Us = minimum fluidization velocity of small particles [m/s]

Usto,UsLb,Usie = apparent minimum fluidization velocity of

binary particles [m/s]
W = weight of packed particles [ke]
X« = weight fraction of large particles (-]
Xs = weight fraction of small particles (-]
€ = void fraction of bed (-]
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gas viscosity

particle density

gas density

first drag coefficient defined by Eq.(1-3)
second drag coefficient defined by Eq.(1-4)

rotational speed
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Fig.6-1 Particle bed core rotating model
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0.15m, #R0.Tm)L Columnll BEEO0.3m, EEL.MD2HWETH 2, HHEL-H
BPREMEOBBER T, €OHFM%ETable 6-11257 T, Columnll Tk Fig.6-3(a)ic
RTLIICBLYOoTHOHEMR NV ETIOHTEh, ZoBMOFIMAEICLD R
FREEAD LN THREMET, 80.04~0.06n, B x OMFE0.01~0.04m, 1K
X0.38 X U0.6n, MEBR2BITLIHNOBEERALE, £2Nc.20H3HOHETS
HOKFAREBHIRABFABHEIHZ2LI5CI X LE=AFKONE2 S >EFRK T

FOHEMEFIg.6-3DICFRT. YASHBRHAFATHOERZLETTZ0%
B 1=1002 Y Y2 @AF Y LV AMEEEL 2SI THALEO.0016m, £ 401(
ColumnI), FLEO0.00lm, FLEr925(ColumnIl)d b D & W =,

Table 6-1 Size of stirrers
Stirrer No. Column radius Stirrer size
R [m] B [m] L [m] a8, [deg) C[m] G [m] n[-]
1 0.075 0.025 0.14 90 0.01 0.01 2
2 0.15 0.0173 0.3 * 0.01 0.01 2
3 0.15 0.04 0.3 90 0.01 0.05 2
4 0.15 0,04 0.3 30 0.01 0.05 2
5 0.15 0.04 0.3 60 0.01 0.05 2
6 0.15 0.04 0.6 30 0.01 0.05 4
7 0.15 0.04 0.6 30 0.01 0.05 2
8 0.15 0.04 0.3 90 0.025 0.05 2
9 0.15 0.06 0.3 90 0.01 0.05 2
10 0.15 0.06 0.3 90 0.04 0.05 2

* Details are shown in Fig.6-3.

FHEAWER TR SA Y-, RREEK a—ZABLUBBAORY 7
— K ZTE0WME%ETable 6-2IKT T, FEMEEE20cno I BRI F &7 N
{1 THELTHEABTRD L

%ﬁiati?’#ﬂ%%iﬁ#:ﬁiﬁf%ﬁﬂiziﬁﬂfﬂ&@ﬁb, ZOBDOHEBENILY 2E
hw&kbtﬁﬁbh,&tﬁﬁﬁmﬂ?%ﬁmﬁﬁbﬁﬂmm6Ei&ﬁﬁb
wWfE ¥k Ei{,iiﬁif‘)-fJ‘wi’—‘f‘ﬁﬁ]ﬁﬁ‘%ﬂl’ftﬂbﬁ%ﬁ?%'ﬁﬁﬁbtfi,
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Table 8-2 Properties of particles used

Particle Mean diameter Particle density Bulk density Repose angle
dp X107 [m]) Py [kg/m’) P [kg/m?] ¢, [deg]
Glassbeads 420 2620 1410 21.5
Active carbon 740 996 596 16.0
Cokes 150 1610 943 25.5
Polymer (1) 680 896 444 35.0
Polymer (2) 2180 869 478 28.5

3. RBHERSLIUER

3-1 BEGEHROBBHEN VY
RBMBEINVIBRHNFBUEUNAZERTHALIABMC SO TAEE L £
BLTaHN bArHTAEBEHUETCRIEF-ELR3(Fig.6-4)., ZO—EEtkx-oi
PV 7 OEEZBRBEBEBDNI VI Taink EET D COTainllET DN AEE U &
NEHEEEo RGO MEFEEFiIg.6-5tRT, @RV —HFOLIR
B— RN E L VWA FPEHBEENAEWELRNEHLEREIDRELI RS
HRmERL EAMEORBETCEBINABHLEEEDOI~2.5ETH2. BAEFE TR
MMM L) ERENEL, TAEEORRLHCEREVRANT 20 TH
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Fig.6-4 Variation of torque with gas velocity
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HTRROBEBEEML.s 'UTOBEOT i K EETHRAFIOBEEEEEL I,
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Toin = Ki[(ro2+4ri?)L?] (6-4)
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Tain = Ke[l-exp{-(W/We)*"2}] (6-5)
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Toin = KaN*73 (6-6)
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Toin =Ka(potang () (6-7)
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BI)RBFEFENM IV IOHEA LEZRORE
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(6-8)
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Ps = 2 NTnin (6-9)
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Fig.6-14 Particle bed core rotating model considering centrifugal force
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Nomenclature

A = cross area of column [m?]
B = blade width [m]
C = clearance between stirrer and wall [m]
Ch = clearance between stirrer and distributor (m]
d, = particle diameter [m]
g = gravitational acceleration [m/s?]
h = axial position from top of stirrer [m]
k = active earth pressure coefficient

(1-sing ()/(1+sing ;) [-]

K1,K2,K3,K4 = proportional constants

L = blade length [m]
N = rotations per second [1/s]
n = number of blades [-]

APeq = pressure drop corresponding to weight of powder charged column

= W-g/A [N/m?)
AP = pressure drop [N/m?]
Ps = power requirement for stirring [W]
R = column radius [m]
r = radius [m]
ri = inner radius f blades [m]
ro = outer radius of blades [m]
T = torque for stirring [N-m]
T. = torque for stirring by centrifugal model [Nem]
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Ta

Toin

Umr

Unt

We

R

T =R W

"

torque for stirring by model
minimum torque for stirring
superficial gas velocity
minimum fluidization velocity
superficial gas velocity for minimum torque
weight of powder charged column
charged weight of powder filled up to stirrer
centrifugal coefficient
R(27m N/60)2 /g
constant in Eq.(6-8)
ro/R
ri/R
tangential angle
tangential angle of blade
friction coefficient of particles
adhesive force

friction force of particles

friction force of particles due to centrifugal force

density of particles

bulk density of particles
angle of internal friction
repose angle of particles

tangential angle
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Table T7-1 Properties of particles

Particle diameter True density Bulk density Fluidity index
Patiicles dpx10° [m] oy [kg/m?] ou[kg/m?]
CaCo0; (1) 105—297 2710 1240 78
CaCOj (2) 210-500 2680 1370 83
Glassbeads 250—500 2620 1410 94
Polymer particles 350—840 869 444 78
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1}

Nomenclature

Relative humidity of fluidizing gas [%]
rotations per second [1/s]
torque for stirring [N m]
= minimum torque for stirring [N-m]
superficial gas velocity [m/s]
bulk density of particles [kg/m*]
true density of particles [kg/m3]
reppse angle of particles [degree]
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