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Simulation of Minimum Spouting Velocity of Spouted Bed Using
Computational Particle Fluid Dynamics Method
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Abstract ; For the further study of the effect of the operating parameters and structural parameters of the spouted bed on

the minimum spouting velocity (U,.) and the establishment of a reliable predictive correlation of minimum spouting

velocity, a two-dimensional numerical model of a spouted bed with a height of 800 mm, a width of 200 mm, a thickness
of 20 mm and a cone angle of 60 was proposed. The computational particle fluid dynamics ( CPFD) method was used to
simulate the variation of the minimum spouting velocity of 5 particles at 3 nozzle widths and at different static bed
heights. The results show that the structure parameters and operation parameters of spouting bed have great influence on
the minimum spouting velocity, the minimum spout velocity increases with the increase of the height of the static bed and
the particle size, while decreases with the increase of the width of the nozzle. Multivariate regression was performed
based on all the simulation data and the minimum spout velocity prediction model was derived. The conclusions would
provide a guidance and reference in the determination of practical operating conditions and process design of spouted
bed.

Keywords : two-dimensional spouted bed ; CPFD ( computational particle fluid dynamics) ; predictive correlation formula;

minimum spouting velocity

W78 B #7:2019-10-08 ; & [E] B #§:2019-12-27
ESWE : [HK ARBL AR (51606086 ) 5 6 i -fJ5 B2 542 (2017M621624) .
F—EEE N WL (1995) T LROEWI BT A, E 2 WA ) MEERAUM T . E-mail: jnjha0628 @ 163.

com



*2- BETITH# Light Industry Machinery

2020 2 B

W% ) R LA 45 44 15 B, IR P/ 1 4 flh R SORL TR &
Rtk RAF S8 B2 N T &5 LT RETR AR
TEAIR L WESIRA R R ERVE A, 2t
LA T 1 g /N LSS 3538 5 ( AT BB e /N Bl ik
BE) AARA T LS IR 2 TE Mt 8y o S5/ N8 3 3
XIS R T 28t S0 A HZ & X, Mathur
25O R PROHELSBURY f5 /)N W5 2l o 3 420 6 5 16 X A
NTIZ o Monazam 27 T 258 S R 5 8l PR B4 By
WSSl , I 5L F Mathur-Gishler J5 2, # 57 T 87 (1) 5
NS R e e, AT 7 % #84 CFD-DEM 45
2 W5 T HEEmE S IR R ATk, RS TR
T AL BEBURE PR s 24 18 23 A B . Duarte 2577 3%
FH T OBURR L A5 TR X6} TR 513 DR PN ) S AR ) g 2 R
T TG, Hodne/IN 3 3 B A4 245 1 55 Skl 30 )
G, AR B CPFD J5 5 % UKL AH #F 47 A
ARBE A T R AR A E] R RIS A TR 24
ZHW R G E W ST R I BLRIE ST, 78 Tk Zim 1k
SeE B By O L R4 E T CPFD 7
B S AT S REE AR BUE RS [R 2544
SECHERAE S BUR N 1) Bl AR 5 43 BT e 11 5 B
M 2H) A, LA SR AR I Yot = [ I st 235 4 0 e/ N sk
JE R 57 ), S T A T 6 B DR A /)N WS 2l T T
RV
1 CPFD Fi%

CPED 4545 1 Whr i A% B H J5 36 B0 A0, 4
AR AR A JE A o, AR R B BT, 35 RRRT 7 76 DA
TR L 0 7 3 A 8 A JOURE N7 g 6 B, A (1 2
B HUBURLAAR T, X6 J0RL AR 0 At il PR HA% B9 H
WEHFTIRSE . CPFD S 2 A~ H A AH R 9 2 Ja o
HHE B I Ak 2 A8 b ) 31 52 0K AT A B — > T R
T A R, 9 B AT DARAIE 4R R T R
B SR, AT LAE Ay B o o A DL AR 4 2 AR R AL 1
SERITH
1.1 ##H7AE

X FUAH, R Navier-Stokes 77 #2115, i i #5578
PEREIRAETY (LES) | it 1A% 2P J 5 R sl i i
T

a6
6tf+v * (Oue) =0; (1)
a( O
M‘l‘ V . (Hl'uluf) = —LVP—LF"'ngO(Z)
P P

ot
A w IR m/s 5 0 TR0 0 o AR
W kg/m’sp JIR ISR, Pas F g i A4 5 0k AH 8]

SRR Sy SC MR s g T INEE , m/s”

Xt FAURLAN , Al ise B4~ FORE 1) 3 A I 8] _E 2 fE
SE 1 (OR8] B A 2 18] BEAT i A ) , {E0RE R]
HAT— Z 50 RO F058 BE 38 1o SR figp UL 3 A e K @
(x,,u,,p,, 0, ,t) Bz J5 R A BORL AR 1 2 2
Horb e L1060 B 5 w, AR TR BE, m/s 5 p, SRS 4
JE  kg/m” 50, FpRn TR, m® ik Oy RSO 14 o

RN
oD
E+V -(d)up)+Vup-(¢A) =0; (3)
1 1
A=D (u-u,) ——Vp+g- Vr,o (4)
Py 0,0,

P A BRI B, m/s” 0, S WOk IR LA 5
7 WURLI I (W] W ), Pas D B ) 288
1.2 FpirfifEE sy
CPFD Hofg 22 A B 52 500kE b 34 1l — > 1158 Uk,
X T LSO ] () Rl 43 TG 18— R TR g LA
Aill 5 A5 75 Sfe AT TSI O [11] Py 488, K88 0 A I s v 1)
7 3 A AR B IO o7 B A ORE b A TR, ORLALE
R 7,
P.g;
T‘):max[ﬂvp—ﬁl;,g(l—0p):|o (5)
K PO E L, Pas o, W ORHE RIS R TR 3808 R
WHERAA 2 ~ 558 BUE N 1077
1.3 HBAER
Z2 AR P AL ) %) A B4R FH g e B, T R 3
fiE, % H WA Wen-Yu BB Ergun 452 A1 1
Gidaspow fSR' " 45 Horp Wen-Yu {5538 Fi] 5 4 9
R, Ergun B ET 22 (14585 ] T %5 40 X 88, Gidaspow 15
RIZEE T Wen-Yu Fll Ergun 2 AMERY I 4F i, Hd T
W FE G A a0z o W B0y R PN AT 2l 2 A AR N
AR GRS, PRI L +% Gidaspow #1H11155 8, J1 &
D,

D,=D,, 8, <0.756, ; (6)
6, -0.756,
DP_(DZ_Dl)(O‘SSHCp_O‘7560P> +Dl’
0.756,, <6, <0.856,;  (7)
D,=D,, 0.856, <6, (8)

D M D, 535 Wen-Yu BRI Ergun FERY ) 5
AES /8
2 RESHY
2.1 HEHEE
UnE 1 (a) B BESI R PR 5 4 800 mm, FRAA %

e



(iR - i&it]

BBR,F : FERR/N\BEHERE O ERIRE NS HERM -3

24200 mm, JE B 20 mm, WE A R g Ay
60° 1 VIBLEHY , ATTRIE N 20 mmo DA TR
AN AT SEBE S 34 D 20,15 1 10 mm DLBSUAZ M5
T RSE o R R IR RIS AR O i 0E A 7 AR
K53, A 1(b) Bz o QRAE R s AR # /g D)
FEITAREFE R h A0 5 A S B 3 Bk 7, D
IV AL 53 5 WA T K 8 B0 45 R G R B B A
Yo BESERABIBUR B 1.3 ~ 3.2 mm, JRIK ST
TR IER 10 7%, PRARJE LR TRARAY S A, 6 A2
THEWEEH PR A LS B A SRR R SR
DA N L R Ei bz I8

ES

800

200

60°

(a) ZEH4 T

(b) MR 2>

B 1 zsAf B A= &R 5
Figure 1

SR I RIRS B A 10 000,15 000 A1 20 000 347 k4

Structure diagram and meshing

& TG NE B UE AR 56 A B RO AS BT a . R 1
AU Y, 2 A i 15 000 J5 , RIS R 50,
100 F1 200 mm &b = 77 W0 g 455 {8 AN 75 1 B0 e ek
A5 BT GRAUETH R A5 SR A AT S, O T T R AL
M5 31 PR PN UKL R 3t S T8 2, JIC BB AR TR X I iy 4% 144 7
T AR SRR 16 251

k1 MR FEIE
Table 1  Grid independence verification
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Table 2 Physical parameters of the particle

WoRIFh2E  HARd,/mm o HEp (kg m ) HWBUMLG, /%
235 3.2 1 640 58
Nk 1.6 1330 60
BREEK 1 1.3 2 600 62
BiREEK 2 1.8 2 600 61
BTk 3 2.3 2 600 60
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Table 3 Simulation parameters
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Figure 2 Experimental and simulation

results of flow structures
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Figure 5 Flow patterns at various spouting gas velocity
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