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Theoretical model and numer ical smulation of

var able sction fluidized bed
FU Y uan-fang, L | U Da-you
(' Institute of M echanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract:Based on the Two-Fluid Model, under some hypotheses, the Local Equilibrium Model (LEM) was
developed U sing the model, the bed height and concentration distributing in liquid-lid variety section bed were
studied by numerical smulation method The fifth-order W ENO schane was used for Patial derivative and third-
order TVD Runge-Kuttamethod for tme derivative The lavs of the bed height change, the particle velocity, the
particle volume fraction distributingwere gotten The smulation results show that during the process of expansion,

there alays exists a progressively broadening and upward-p ropagating continuous transition zone, but during the
collgp = process a olidphase volume fraction discontinuity propagating upward from the distributor gopears

Key words fluidization; variable section fluidized bed; particle volume fraction distributing; numerical smulation

[6—9]

[1—2] [10—12]
[3—4]
[3—9]

Kwauk'*!

Peng”’

(20376083)
(1975—), , , , , : (0771) 5815226, E-mail: fuyf@imech ac cn



. 32 2008 36 3
1 O (9)
(9) 2
( )
0
—‘UJAt S (tx) = [1+0(D) ]w@)  (10)
B asset
| Richardon™"!
(=l —q‘uA(t) -4 (6 X)) = wQf (10)
@f a(‘prfA) §
A ot + x =0 (1) W,
9, 00,wA) @ :
A :—af + ™ =0 (2) &, &) _
20.w) ) a &
S L VR [M _qj_t)]M (1)
> A TP dx
A(-0; -0P¢g - Fu) (3)
o LF(xP5) =[7§{f§ w97,
0@, w) (AP, )
P TP e T
2
A('(pp_gxp'(ppppg"":pl) (4) W ENO! !
(pp +(pf = 1 (5) ’
(1) (2) , X , TVD-Runge-Kutta (191
(2): 21
A(X) @i +@,u,) = q (1) (6) (11)
. X LA (X) X T
_ _ —g@ |- _ .
-0 =1- h(t) =h
LOPRENCY P P 0:¢5 (0. ) [A(x) A (0):
TR N o g(t)J".
P  Fn .9 x=00,(t0) =1 [AOUJ ;
9 't @ @ x=h(D: e =u(th) :%rt‘ (12)
20,u) 0, L) s h
(pfpp|: at + A8X J (pppf X 2 2
0@ w) ) _ . (12)
|: at + A&x J (Df pp)(pf(ppg+ pl [O,h(t)]
(7) (21 (Crank, 1984)
Richardon-Zaki (z 1) (11)
e (z 1)
0, -P) g0, 07" &, K@) [ ue,(1-9,)" 9,91
Fu = " (u - w) (8) x T o —[ A - A(Z)zj x
,n  Richardon-Zaki , Ur
h(0) dA(2) W P, (13)
(6), (7) (8 h(t) dz h(t)
@ 1 | dy _ du - o DO g( )
A(X) U |:1 + (Op _pf)ipp at -pf dﬂ} X ,f((pp) = (pp h(t)|:A(Z) - uT(l '(pp)ﬂ



WP,
WL [0.1(0) ]
TVD-R-K , W ENO
¢, (%, 2) h(t)
O
u(t) “AD W ENO
t n
Oi+1/2; %s(h) = f\_((;))' ur (1 - (pp,s)
h(t.) =h(t) +At u (k)
; VD
Runge-Kutta
(pp(td+1yZ) ) N |
23
20 mm x 15 mm, 5°, z
0.10
7, 0.08 NP
E0.06
% 0.04
0024 6 8 10
t/s
(a)
£

u/(m = s )

232

uy =0 031 05m/s,
h(0) =Q 302 8 m,

u(t)

2(a)

®p2 =019 @, =0 42

w =0 106 2m/s

d, =1 45mm,p,

Fig 1 Paraneters during expansion varyingwith time

1 500
2 58 x10° kg/m’
231
v (1) uy =0 031 05m/s
vw =0 106 2m/s 1(a)
h(0) =0 207 m,
®n =05 @,y =061
1 (b)
, 1 (o)
, 1 (d)
0.30
0.27
£ —
<0.24
0.21
B:18 2 4 3 ] 10
S
(b)
0350 g us .
o3f ! L
2 L1l
0.25 3 151
4 202
0.20 5 2.53
6 3.04
0.15- 7 355
8 4.56
010k o 477 '
0.05
0F
1 0.2 0.3 0.4 0.5 0.6 0.7
¢'V
(d)
2(b)
. 2(c)

2(d)



W ENO ,
Runge-Kutta ,

(1]

(2]

[3]

[4]

34- 2008 36 3
0.12 0331
0.10
T':: 0.08 — Uy,
Eo0.06
3
0.04
0.025 2 4 6 g 10 0.185 2 6 § 10
t/s t/s
(a) (b)
0.35
[ e os
0.30 1
2
0.01r 0.25¢ 3
4
0.20 5
= 6
o015 :
8
0.10 .
0.05

-0.05

t/s
(c)

2

0.1

0.2

0.4
%p

(d)

0.3

Fig 2 Paraneters during collgp s varyingwith time

Viqual Fortran

Renz Di Felice Hydrodynamicsof liquid fluidization[ J].

Chemical Engineering Science, 1995, 50 (8):
1213—1 218

Needhan D J,Merkin J H. The propagation of woidage dis
turbance in a unifomly fluidized bed[ J]. Joumal of Fluid
M echanics, 1983, 131(2) : 427—430

Deiva V enkatesh R, Cheouki J, Klvana D. Fluidization of
cryogels in a conical column[J].
1996, 89(3):179—186a

Kwauk M. Fluidization [M]. Beijing Science Press

Powvder Technology,

[5]

(7]

[9]

[10]

[11]

[12]

[13]

1992 91—100

Peng Y, Fan L. Hydrodynamic characteristics of
fluidization in liquid-olids tgpered beds[ J].
Engineering Science, 1997, 52(14):2 277—2 29Q
Olazar M, San Jos=M J,Aguayo A T J, et al Stable
operation conditions for gas ®lids contact regmes in
conical gouted beds[J]. Industrial & Engineering
Chamistry Research, 1992, 31(7):1 784—1 792
OlazarM, San Jo:=M J,Aguayo A T, et al Presaure drop

Chamical

in conical gouted beds [ J]. Chemical Engineering
Journal, 1993, 51(1):53—58
OlazarM, San JoeeM J,L lanosasR, et al Hydrodynamics
of sadust and mixtures of wood residues in conical
gouted beds[J]. Industrial & Engineering Chemistry
Research, 1994, 33(4):993—1 00Q
BiH T, Macchi A, Chaouki J, et al Minmum souting
velocity of conical outed beds[ J]. Canadian Joumal of
Chamical Engineering, 1997, 75(2) : 460—465

LiuD Y, Jin G D. Modeling wo-phase flov in pulsed
fluidized bed [ J]. China Particuology, 2003, 1 (3):
95—104

Jin GD,Nie Y S LiuD Y. Nunerical smulation of
pulsed liquid fluidization and its experimental validation
[J]. Powder Technology, 2001, 119 (2—3) : 153—162
[D]. , 2002 31—77.
M1
, 1993 106—156

42



42.

2008

36

concentrations[ J]. Powder Technology, 1999 (3): 80—
94

Mareto C, Krishna R Modelling of a bubble column slurry
reactor for Fischer-Tropsch gynthesis [ J ].
Today, 1999, (52) : 279—289

Catalysis

[3] Vijayaraghavan P, Conrad J Kulik Mass trander
; camparion betveen mechanically agitated slurry reactor
' and liquid entrained reactor in the methanol synthesis
process[J]. Fuel Science and Technology Int, 1993, 11
(11) : 1 597—1 609
[4] LefebvreA H. Atom Srays[M ]. Nev York: Hemiphere
: Publishing Corporation, 1989
[1] Gandhi B, Prakash A, Bergougnou M A. Hydrodynamic [5] : , M]
behavior of slurry bubble column at hige wolids ;1991 200—21Q
37
(3) k=10"° (t=30 resistance  mass trandfer at the outer oilwater interface
YAH = - 8 6 kI/mol,AG = - 159 4 kJ/mol, [J]. Colloids and Surfaces, 1999, (151): 77—83
A's=497 43/ (mol- K) , (5] ! T cr
\A)) [J] ,2001,15(1): 31—34
[6] , , . Cr
v [J] ,2002, (3):30—
[1] EdionLiN N,Cahn R P, Shrier A L. Ranoval of organic %
compound[ P]. US Pat 17546, 1971-11-02 (7l ’ ' :
[2] CahnR P,LinN. Separation of phene fram waste water by cr( )1l 12006, 14(2) : 28—31
liquid membrane technique[J]. SCP Sci, 1974, 9 (6): (8] ' ' '
505—505 [J]. ,2006,9(5) : 1—3
[3] Kulkami P S, Tiwari K K, Mahajani V V. Recovery of  [9] ' , ' [4]
nickel via liquid emulson membrane process using cr’ [J] , 2007, 35 (10) :
methane sulfonic acid as a strippant [ J]. Separation 5—8
Science and Techrology, 2001, 36 (3) : 639—656 [10] : : , . HTTA-P350
[4] Sznejer G, Mamur A. Cadnium removal from agueous [J]. (
lutions by an emulsion liquid membrane the effect of ), 1986, (6): 44—51
34
[14] Tsnontides S C, Jackon R The mechanics of gas [17] Richadon J F, Zaki W N. Sedimentation and
fluidized bedswith an interval of stable fluidization[ J]. fluidization: part [J]. Trans Instn Chen Engrs, 1954,
Joumal of Fluid M echanics, 1993, 255 (1) : 237—274 32(1):35—53
[15] Kawaguchi T, Tanaka T, Tsuji Y. Numerical smulation of [18] Jiang G S, Shu CW. Efficient mplementation of weighted
tvo-dimensional fluidized beds using discrete element ENO schames[ J]. Joumnal of Computational Physics,
method (comparion betveen the two-and three models 1996, 126 (1) : 202—228
[J]. Powder Technology, 1998, 96(2) : 129—138 [19] ShuCW, Osdher S Efficient mpleamentation of esentially
[16] Glaser B J, Kevrekidis | G, Sundaresan S Fully non-o<cillatry shock cgoturing schenes[ J]. Joumal of
developed traveling wave lutions and bubble fomation Camputational Physics, 1988, 77(2): 439—471
in fluidized beds[ J]. Journal of FluidM echanics, 1997, [20] Crank 1 Free and Moving Boundary Problens[M ].

334(2):157—188

Oxford: Clarendon Press, 1984 187—216



