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Discharge Characteristics of Solid Particles from a Moving Bed

Downcomer with an Orifice under Negative Pressure Gradient

Hiroshi NAGASHIMA**

The flow and discharge characteristics of solid particles in a moving bed downcomer with an orifice under the influence of negative

pressure gradient have been investigated experimentally using eight kinds of solid particles (Geldart D, B and A powders) because

these characteristics in a downcomer are important factors in solids handling processes, such as a multi-stage spouted bed or circulating

fluidized bed etc. Based on experimental observation, the moving bed flow pattern changed from stable flow [Region (I)] to slip-stick

flow [Region (II)] and then changed from slip-stick flow to intermittent flow [Region (III)] as the gas pressure gradient in the moving

bed downcomer was increased. Moreover, the gas flow in the stable moving bed downcomer could be expressed by Kozeny-Carman‘s

equation for all samples of particles. As a result, a correlation of solids discharge rate in the stable moving bed downcomer under

negative pressure gradient was derived for each sample of particles.
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Figure 1. Schematic diagram of experimental apparatus.
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Table 1 Experimental conditions.

Column diameter Dy [mm]: 100

Downcomer diameter Dy [mm] : 20, 30

Orifice diameter D, [mml: 6, 7, 8 (Dy=20mm)

11, 12, 13 (Dg=30mm)

Dy/D, -1 : 231~3.33

Supply orifice diameter Dy, [mm] : 2.3 ~12.0
F/Fy -1 : 0.05~1.00

Bed length L [mm] : 50 ~ 450
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Table 2 Properties of particles used.

) Geldart's .
Particles Dps pp classifi- € € mf Uy Re,y
[um]  [ke/m’] carion [ [-] [m/s] [

Toyoura sand (TS) 142 2670 B 0461 0489 0.038 0.360
Glass beads (GB-150) 146 2480 B 0389 0477 0.031 0.301
Zircon sand (ZS) 163 4670 B 0417 0435 0.057 0.620
Synthematic quartz (SQ) 124 2200 B 0475 0495 0.039 0322
Soma sand (SS) 704 2670 D 0401 0413 0407 19.1
Glass beads (GB-780) 780 2480 D 0372 0387 0421 212
Polyethylene beads (PE) 752 920 B 0377 0446 0.149 75
Glass beads (GB-50) 46 2480 A 0443 0.503 0.004 0.012

Experimental values

RVZF L E—=XPE)ERS LT T AE—X
(GB)?®2480 kg/m® & [RIFREE(E 10 %IRE)TH H. ZSD
R F-BIEIIAT T A B — XD 1.884%, PEIF037ET, ZD
WAL I ORLT- RN e ) e B 7ok, IRIC
B L CIE, GBEPEIIEREIZIIWVEL & A7 S ND.
2. 2 FlEEER

a) FITOBARPHIERE
AREBRTIIEETICBTFAFV 7 AfFEHE T D
~—NOBEHBIZRBITDHHA LR TOFEB LAY
T 4 A O PEHEE 2 E AR 203, Z O,
Fl—DOR THARPEHOEGAOEN AR THD. Lic
Mo THY 7 4 A D OSBRI T- D B SR 2 58
N, ZORRENS BRYELEE A R T HER A L
7.

BT HIRHE LR 12 B L TBeverloo 5(1961)1F,
WATERTZENTEDZLEAREL TN D.

Fy=a-py gD, —k-Dp)** (1)

R, o k (ke 1 DITES, glZEDMEE, p ki
BED D SB[, = pp- (1-6)], Do, Dol T NZENAY 7 4 A
B, KT R THDH. REBRTIIAY 7 4 ADELORTO
HARPEHEE 124 Y 7 4 A D E LA (Do Dp)IC 3hL S
noE&EZT, EQIZESHERAE AV

Fy=a:pp-(1-£)-yg(D,-Dp)** @)

Figure 3(%, Ki+£MZIE150 umDEHIS(TS), 1FI1F
750 umDOFAE P (SS)F LY, 1FIESO umD H T A B —
Z(GB-50)% H W =354 DF0 & (D,~Dy) D B % i 6t 35
MIZRLTZbOTHD. BhbWnThoki1oga
THF, &(D, Dy EHREAMRT, ZOMEAIFIF2.5T
HHZEND, Eq2) DEHTELHZ ENbns. 7
BZOMMIE, ERICHO MO FDEAIC LR

biLle. LIz o THERFICH LT, T HERT —
5 HEQDETEB L TR O a-pp-(1-2)4fg %
KoY Fn»bRD, RiZp,LglXBEMDOMETH DD
T, a'=a-(l-e)&HB5. HlzE, BHboss,

Fy=025-pp-y[g-(D, -Dp) L5, =L Celok
FBRTHEONTBENE O ZEREO FEREZ T o &k
L, FRiTOBEREHEEOHFERZEH L. Zo



Table 3 Coefficient in Eq.(2) .

Particles * ¢ b-e ¢

- [-1 [-] [-]
Toyoura sand (TS) 025 0461 0.539 0464
Glass beads (GB-150) 0.30 0.389 0.611 0.491
Zircon sand (ZS) 032 0417 0583 0.549
Synthematic quartz (SQ) 027 0475 0525 0514
Soma sand (SS) 025 0401 0.599 0417
Glass beads (GB-780) 0.32 0372 0.628 0.510
Polyethylene beads (PE) 031 0377 0.623 0.498
Glass beads (GB-50) 0.19 0443 0.557 0.341
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Figure 3. Relationship between gravitational flow rate
of solid particles and difference in diameter of orifice and
particles.
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Figure 4. Schematic diagram of flow patterns in a moving
bed downcomer with an orifice.
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Figure 5. Relationship between solids flow rate and pressure
drop
as a parameter of moving bed height for Toyoura sand.
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Figure 6. Relationship between solids flow rate and pressure
drop as a parameter of moving bed height for Soma sand.
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Figure 8. Relationship between solids flow rate and pressure
gradient as a parameter of orifice diameter for Toyoura sand.
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Figure 7. Relationship between solids flow rate and pressure
drop as a parameter of moving bed height for glass beads
(GB-50).
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Table 4 oand B in Eq.(5) .

Particles ¢ p
[-] [-]
Toyoura sand (TS) 0.18 1
Glass beads (GB-150) 0.11 2
Zircon sand (ZS) 0.07 2
Synthematic quartz (SQ) 0.15 1
Soma sand (SS) 0.11 2
Glass beads (GB-780) 0.15 2
Polyethylene beads (PE) 0.17 2
Glass beads (GB-50) 0.55 0.5
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Figure 20. Correlation of F for a moving bed downcomer
with an orifice under negative pressure gradient for particles
with diameter of about 150 um and 50 pm.
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with an orifice under negative pressure gradient for particles
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Eq. (A-2)£ 0, M, L, TIZB L CIROBIFRMAL Y 20,
I=a+b+c (A-3)
0=-2a-2b-2c+d+e (A-4)
—l=-a-2b-2c (A-5)
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Nomenclature

Ay = cross-sectional area of downcomer [m~]
a = exponent in Eq. (A-1) [-1
b = exponent in Eq. (A-1) [-]
c = exponent in Eq. (A-1) [-1
D, = diameter of downcomer [m]
D, = diameter of supply orifice [m]
D, = diameter of orifice fitted to bottom of downcomer [m]
D,. = critical orifice diameter [m]
Dp = particle diameter (medium diameter) [um]
Dps = particle diameter (equivalent specific surface diameter) [um]
Dr = column diameter [m]
d = exponent in Eq. (A-1) [-]
e = exponent in Eq. (A-1) [-]
F = mass flow rate of solids under negative pressure gradient

[=Us-(I-&) pp- Ad] [ke/s]
Fy, = mass flow rate of solids under gravity [kg/s]
G = gas flow rate of air displaced by descending particles [m¥/s]
G, = gas flow rate of air through outlet of downcomer [m3/s]
g = gravitational acceleration [m/s?]
k = coefficient in Eq. (1) or Eq. (A-1) [-]
L = moving bed height in downcomer [m]
AP = pressure drop [kPa]
Re = Reynolds number [ = Dp U, p,/u] [-]

Re,; = Reynolds number [ = Dp-Uyspg/u] [-]

(12)

TR RS TR 559175 (k25429 1)

Uy, = superficial gas velocity through hemisphere with orifice diameter
[=U(D4/D,)*/2] [m/s]
U,y = minimum gas velocity for fluidization [m/s]
U, = superficial gas relative velocity [=U, —&-Us =Gy/A4] [m/s]
Us = downward velocity of particle in downcomer [=F/{4,pp(l-¢)}] [m/s]
Greek letters
a = coefficient in Egs. (1), (2) or (5) [-1
o’ = coefficient in Eq. (2) [=a-(1-¢)] [-1
p = coefficient in Eq. (5) [-]
75 = specific weight of moving bed [=ps+(1-¢)-g] [kg/(m*s?)]
& = void fraction in moving bed [=1-F/(pp-G)] [-1
enr = void fraction at minimum fluidization [-]
u = gas viscosity [Pa‘s
pe = gas density [kg/m®]
pp = particle density [kg/m]
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