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Abstract — The effects of gas velocity, solid circulation rate, and particle size on the axial pressure profiles and solid holdup
in the downer reactor have been determined. The axial pressure gradients increase with increasing solid circulation rate but
decrease with increasing gas velocity. However, the effect of particle size on the pressure gradients and solid holdup is insig-
nificant at the given gas velocities and solid circulation rates. In the fully developed flow region(H>2.0 m), pressure gradients
calculated from a single particle motion are higher than the experimental values at lower gas velocities(<3.0 m/s), whereas they
are similar to the experimental values at higher gas velocities{>3.0 m/s), due to the particle agglomeration or cluster formation

that was confirmed by the comparison of slip and terminal velocities of a single and cluster particles.

Key words: Downer, Circulating Fluidized Bed, Pressure Gradient, Solid Holdup

.M E

19703 74R] FE5 et A7t AAde] FEe] 712F, Y{RS
Fele] vhe7)e)A o]RelH o), A £4 a7 FEREE BeTE
g2 AEEHY 73 HE wkgr) Hel= old g A7t AP
ARG o|AsTh oSS catlytic cracking, acrvlonittile A%, ore roast-
ing, polyethylene 444}, calcination, Th3t U89 b Fol 28 o]
gt A $55 dhgr)e) viwsle FEEEF e w2
7l-xe WEHAE, w2 7)A9) Al Al slde e B &
wiek £k =8 mmdown ratio, F-55 WHEriel e ¥ At
Ad4 97hg A8 5 oy 7 3L AT o] ARE Bl
A7H T glen T AR Aee) dig 77 LFEHET A, 2.

EF-ES(riser) ¥H717E AHEL FE85 B A 71 FEE
AR glont, S8 dgr g0z oiE $dd 7]-29 BE
o] A% A9 back-mixing2 AU™, riser the] core-anmilus FEE
714 3} IA) ) wAdeke) Belg oA T ATk JEL A

T B-mail: kimsd @kaist.ac.kr

303

AAEe) FAAT A EZ A TIC3-T]. |38 &3R5S W)
(riser)] TAL downer W-£7]E EE]E cocurrent downflow circulating
fluidized bedsE o145/ ARFE FEE <+ Avh Downers: 71E &
BT ¥e7)olM downcomerZ Bl FEO2A kg F Eok
7} o TA S 9% 8 A Es A4 gy Bt 27
u, downers -3 Pk 71F 2 3 EEY] Y4 SNE 72
HEATro] FYs) AHE AEert w5, FHVIEe] 19 hot spot
o] AMEA grow, 7lA 2 ZAY FgIEOR Hr fEs) &5,
HA mansport £E7F EASHA grol vkl ] BEag vk 7
A £ F7) 9o o Bkl w3-§ Yo 471 3o, wA
#e)go] Aigez avhe gl glth4-71. olef wlet FCC vhg-7iel
s 2] e oA, viel 2ol ulrapyrolysis, flash hydropyrolysisE
o] &5 Aerelis} T4 Foll downer ¥HE717F HEERT, E TRIG F
ool g] Alg7sAdo] AEET gloen, da 1 Ado] Zylale] )
olefl tigh Qs B, A, HH T BEE] A vHS).

FE2 w8/ SBAERE rseclAe) SHBH 54 0w
o vlad 2o A7) Hoigls W, downerdl Tt AT H2

w4 sk E Bre 7| Fe, dalel 2 elel d7s]of gle Aol



504 g -
o} 58] downer 15719 HAHA 2} 24 & AsiME EESA4 )

gt o) HEkge] HEE Al &
Wk 4R g el AR Gkl g AR 2
2385 £85-F5 downer YRSV g HEY 9 1A
FEXE e YRR, Y YAl Hass, 2dege] daw
£% 79 A3 Fad FLE AFT) =g 7)) 2aatele] wl
+ £=8o] dejchd 7189 2A9] @elge) &) Fisaiy nY
ol NEAEEAME v FaE) 282, B ArdAE downer
wherle] SiMA] 2y} se 20ek GEEEe wAAF ) e
S, e o 2vse] 9k YRl=)¢ A9 A
£ B At s

@ olsier 9 % 2L A

2. 0|2y &

2-1. Downer0lM2| a2l DAL T2 ol

dukH 0 2 a)8ballean phase)d Holld Z2YHE ¥her]E= W) A9
HIAMSE] v 5 Allg) Adiaal £ o] rallE - & A}
£l 7.3 58S ZH= pipe Wo] ZAEEU)), 711'1]11—"(U ), void-
age(e)?t WPy XA 5 2AchE). 2ol o33 45 442
=349 o957t el glon, & Td %%Hr_ﬁ =uhgms el
#UF 72 FAJH B2 498 7PYelE, wie) ekl 4
o2 ZEE = ArH9)

gas continuity: diH[engg]: 0 (¢}

solid continuity: diH[(l—s)psUs]= 0 )

mixture momentum:

dau, du
gH [(l £)p, U‘dH +£nggﬁ]+[ps(]-s)+pge]g+Fw (3)
714 F . 714 Hde] gl o9l 713 suspensiont HH =)

mhael] &%t HERslE gjojsly g5 ww
7t glew, #3Ee pipeclte

shear stress(t,)2} %7

F,=41./D, @

otk webd, E3EY momentums FHI 4 (e th2d) go] %
3o

dU
=[p,{l-g)+p s]g+[(1 £)p, U,dH+enggdH

+41,/D, )

O

$-o] Di -sﬂ FEe| wdskelt}, oz
W downerst o] &eksE Sy FHe 527 e 9
#oln, H, & &k Zolr P% Fﬁc}"ﬂ iz} 38e s ek
Ml M spige] 258 (1 Heg 2EsT g il o=
A7YEPE downeroll A 8] ZRlE AL gt o] & &= gk,

S8l B9E AgEEe)

= O

=

1_

du, du,
dP = [p(1-e}+p,elg— [(l—s) ‘U!dH +ep, SdHJ 41,/D, (6)

ol 4 (6] LEF A Yo FHY, 715, viados cluge
ko2 T)e) vizkat T wide] dig £ 7 o= FawEd,

2 2
2 .p Uce . 2fp U (1-€)
D! Dr

(;‘I‘;) 41,/D, = @

SletDE X3sY M4E 2000 83

#&4

CAdE

1A £, s 2t 2Ag Z1A19 vpaAgel £ sl Fanning
ulEA o) 1, voidages A9 1¢] 2HsE e Adth

= 2% 3 Blasius 2] SFH0.72=U,<45, 4,114<Re <
25,714yf SgetER

0.0791

025
Re

f,= 2,100< Re,< 1,000,000 (8)

£

= A, f= Konnot Saito[10]7} ShAgrdE gl taje] AA)

@ Ak

_ 0.0285%,/gD,

T )

£
H

£ ol&3t4rh
7rEare] Ay AASEUNM FIFEES Fold vl Halstee
o|§ d&517] HElM SIHEES e U] force balanceol A
,Li-T]-"""E-g T3, FAlel solid continuity[G=p (1~ 1A T
EerE dEsioh YRl £25 28] 93 force balance
= E}fﬂr 1]

du,

LT
1714, m=—pd oW, Cp= Bird H(1210] AAF 44 AL
shETh.

10y

- % G0, ColUs-U (U, Up +myg

Cp=185RE)* {an
7|4, Re ELd%SL o]t}

A (100& thA) 221

du 3P Cp
puhat” Q. 4p q, —|U,-UJ(U,-U,)+g

i 12

olH, FLExe] TEA] EHEul(dU, dye 00]BE

g= 338 D|U ~U(U,-U,) (13)

olef FRie] ol2t Aelt Te o] FHE

H=H0+J‘;Usdt

b A (10114904 =3 o] F7lol] ME TASZU )9 solid
continuity(G=pe Uy lM F=Ee)T 78 + 9o}, Ed gadgz)
M fFeh XALEY TANFES FHY, 75T npaal gy
ato] SRkl whE 47 Ele] WElE & 2 gl

2-2. Downer0jM2] DR B}

el GEFe) Y, TAAREE U el niEes) Fie)
& ST V1510 BAIG 2 SIrks 7ROl The Aol Aded,

() (&) -ternie
dH total dH graviry

= o] AoA sJAle] s} e)s 2enz fuiel peS Fals]
(P E<p,e,), IAAFHL TJ23} go] Aakgict

e =L(E)
g E‘PS dH total

(15)

(16)



Downer ¥F&7)6lM2) S48k & B ZAARE £X 503

=28}, downer ¥HS-7)9] 739 fhdte s 2 el s ride] R
AR, RAHFEo] S Hol olARE ZAY T flem, pe
wE TAE 4 gleng ¥ oakg wF wEEE o 6r vt 2ol
xH=HL

)0, (i), o) )
dH gravity dH rofal dH friction
@y,
g
= gudd gravity {18}
ps— pg

4 anel AR 9 Tike AWM FE9 ¢L AT A
AFFE 4 (8 o1&kl At

3.4 ¥

Fig. 1& cold 78 #3853 downer UH8718] 7==g viekd
Aol}, aPeld HEo| £8HTFS downer WHE7IE AFETH(iser),
Ao|FE, FEE ZTF4X], downer, 71-3 F)7](gas-solid separator)
gl loopseal® F4F o] 2Th Riser@078m LD.X75m hightgE &

& ol4E ZAlE HolZE A EelFHo HFF THEAAR olFsn

P —»
Riser gas outlet

ﬁ._F luidizing gas inlet
fo— .
g— Downer gas inlet

Downer gas outlet

Aeration gas

"Riser gas inlet
Fig. 1. Schematic diagram of experimental apparatus.
1. Riser 5. Measuring tank
2. Horizontal pipe 6. Downer
3. Cyclone 7. Gas-solid separator
4, Fluidized bed feeder 8. Loop-seal
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Fig. 3. Effect of solid circulation rate on the pressure gradient profile.
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AB71E
Cp : drag coefficient for single particle [-]
d.!J : particle diameter [m]
D, : downer diameter [m]
f : friction factor [-]
g : gravitational acceleration [m*/s]
G, : solids circulation rate [kg/m®s)
H - axial height in the downer, distance from the feeder [m]
Re : Reynolds number [-]
U : velocity [m/s]
U,;  : gas velocity in the downer region
U, : gas velocity in the riser region
u,  slip velocity [m/s]
U, : single particle terminal velocity [m/s]
2|0~ 22X}
[ : volume fraction [-]
p : density [kg/m®]
1 * air viscosity fkg/ms]
T, : shear stress [kg/ms?)
dP/dH : pressure gradient [kg/m?%s?)
SR}
f : due to friction
g 1 gas
] : solid or particle
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