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Abstract -

characteristics. In order to study the complex flow behavior inside the fluidized bed with clouded bubbles, this

Gas-solid bubbling fluidization system exhibits non-equilibrium, non-linear, and multiscale
paper conducts numerical simulations on a three-dimensional bubbling fluidized bed using the clouded bubble-based
multi-scale drag model. The variations of particle velocity and concentration at different positions are obtained. The
time fluctuation sequences of particle concentration are processed by wavelet transformations. The particle
fluctuation and bubble oscillation at the axial and radial positions are compared. The results indicate that the
clouded bubble-based multiscale drag model can provide good predictions of flow behaviors in the bed. A core-
annulus flow pattern where the particles rise in the center and fall along the walls is shown in the bed. Compared to
the fluctuation of particle velocity, the fluctuation of particle volume fraction appears a higher frequency, which
becomes more difficult to discern. The wavelet analysis reveals that the fluctuation intensities of both particle phase
and bubble phase increase with bed height but gradually weaken towards the wall. The stronger fragmentation and
aggregation behaviors of bubbles in a bubbling fluidized bed with Geldart A particles results in more uniform
distribution of bubbles in the radial direction and smaller radial difference of energy fraction. Furthermore,
increasing the inlet gas velocity enhances the non-uniformity of particle radial distribution and the energy fraction of
particle and bubble fluctuation signals.

Keywords: clouded bubble; bubbling fluidized bed; wavelet analysis; drag

SR AR R 4r i 2L b B RE 1 5%
L B RER T N FITEAL T AR 7 REIR AR AT, 5
PRV AR B PRI ST D 5 LR AT S N A%
A R IR T AIDE S R RN R RS o v i}
FAAE LI I RT3 e LA S SR R 22 ]
M AR, R G 2 R R Nk sh 12

TERIBLIII A RGRTE

AN BT T VR R — P AL B AR E 15 5 YA
%, BA R R Z 73 Btk , RN 07
VT SR E A 5 19 22 U Al 2 A A I A
TLIRAER S BRI Sh 3155 B & i 2 REF R,
Zhao %5 /NG 530 05 15 %0 B 2R SR BT AR B AR

WA 2023 -09-25; A EH: 2023 -10-25; MEE X BH: 2024 -04-19
M 4& B & Hudlk: hitps://link. cnki. net/urlid/23. 1235. T. 20240416. 1451. 004

BEEWH . Birs AREH=54 (YQ2021B005)

EFEN: = Bl(1997—) B Lo A £ h(1985—) 55 Hofz , Wi A 0l

BIEEE: T I, shuaiwang@ hit. edu. cn



- 18- S NS D A N - ¢

557 %

AAT Y UL A TR I3 500 A R A T A0 B BT A
FRF BN s 28 RUBE 1 (0 2 A R AE, B T
WO A ek e 5 B A0 B B 25 A, Sun 250
W /NI 53 A T FH T T A R PR BORE S8 TEA Tk 7
Bt BIFSR 2R WY, 0K it B[] RUE 5 /0N e RUBBE e PR AR
5. Lu S50 R/ G347 25 S 4 BT A3 0 B A
R IR T EOMIR NS S BORL I 3 AR et Bl
FEE . F S BT RI P BB I A A A i
TR PR ORE 1A R 43 B sk s 155 e I 43 A, 0F
FRW], FEIGGIASEHE T SIRBRE , 55510 &
TR G AR 5308/, XUBE Ge it 1 /N A8 46t
Je RS AR AR PR RO (A FR 53 B0 B4 5 0 25 S g
O3 AR B R A R
WSS BB LI

Xof T AU ABORE R 2, A8 DL R R
BT AL R AR R 2 A P
(SRR 51 B Ty A A AR AL B ) T A
H S5 BRI S IR Z MRS AR M T
M 2 ROBE AR 8] B J1 A (clouded bubble-based
drag model, CBB B Jy#1) 1Y  ZA SCK: K CBB
WA RS E A T = A Sl R R T B A5
L, G5 /N ST 7k 4875 DR UKL I 25 AR 35 55 43
fRetE , B7E N RALR S+ S AR LR 48 5
1 HEga
1.1 #EHAE

FEF VAR (two fluid model , TFM ) X 8 31
TALIR TR ST JE TR A AL 76 TFM <
FERTREAR S A5 45 SIS A R R ST 5, BRI R

aep,)

abt =+ V- (epu,) =0 (1)
aep,

LI (ep) =0 (2)

ol e 1 e S0 BRI R B8 p, P p,
3 7R SRR [ AR 25 B2, e, 0w 5350 3R 7R AR
(AT R S
SAHFNE AR B P AE R ROR T .
i(epu,)
o
-, Vp,+V -7, +B(u,~u,) +ep,g (3)
d(ep.u,)
Jat
e Vp,-Vp +V -7 +B(u,-u) +epg
(4)
g E I B S AH IR Bl A8 i R AL p F
p IR AR AR R T, 7, R0 7 3 53 378 SOM
FEFARL 7o X F A, SR 1 R Ry

+V - (‘9gpgugug) =

+ v ¢ (85psusu5) =

ro=m [V + (Tu)™) =2V )1} (5)
s, ARSI RERE T B ki

[E6] A s 13 R 5, >Re PO 3 B 25 L6 o) H 4
ZiRR sy (1 N

p.=p.e.0[1 +2g,e (1 +e) | (6)
- :MS{[VuS+(VuS)T] —%(v -us)1}+gsv cul
(7)

O N WORLAIE L | g, AR 1] 70 A1 PR, e D9
KRR ST R, € R w53 0] Sy [ AR A B0 2
SYUIEERE
1.2 CBB B A&

X T B S, USRS AR 2R A T
Y Wt R U B 5 7 N R W i 1 Y TITIE £ < 7 AN
SO, SIRAMEE AL SRR S A5, A
1 iR, PRS2 NE OB s v R < o
MRS IRZ LB AR A, AR, R
TELTTH R 2 165 PR R ] B, T 2 BRI 3l B 1) v T
FRaE SR B ES 0 R, R R AR R4
AT SR R AR

RHTE

SIEHA

FLALAR
I R S

B1 SESEEBTE

Fig. 1 Schematic of a clouded bubble structure
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Fig.2 Variation of drag coefficient heterogeneous factor H, with
voidage &, and bed height H
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Fig.4 Distribution of local instantaneous particle velocity vectors at different heights
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