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Experimental and numerical cold-model study of internal heating and external
circulation fluidized bed for particle coating

TIAN Yu, LAN Rui, LIU Rongzheng, YANG Xu, LIU Bing, SHAO Youlin, LIU Malin
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: Fluidized bed—chemical vapor deposition (FB=CVD) is widely used for particle coating in the chemical,
environmental, and nuclear industries. However, the complex coupling among particle circulation, nozzle accretion,
local thermal boundary conditions, and the residence-time distribution within the coating zone remains a major
challenge affecting reactor scale—up, operational stability, and coating uniformity. To address these issues, a novel
internally heated fluidized bed with external particle circulation was proposed. Quasi—two—dimensional cold—model
experiments, differently colored particle tracing, and computational fluid dynamics — discrete element method
(CFD-DEM) simulations were combined to establish a new comprehensive performance evaluation criterion for the
fluidized bed. The effects of the central and annulus gas velocities, bed—bottom cone angle, bottom clearance, and
central heating element height were systematically investigated. The results demonstrate that the proposed
configuration can maintain a stable particle circulation pattern characterized by central upward transport, top

spreading, annulus downward motion, and bottom return flow. Based on the experimental and numerical results, the
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optimal parameters for the particle properties and reactor conditions investigated were identified as a central gas

velocity of 7.5 m/s, an annulus gas velocity of 3.0 m/s, a bed—bottom cone angle of 15°, a bottom clearance of 20

mm, and a central heating element height of 20 cm. These findings expand the scope of fluidization research, and

provide a fundamental design reference for the optimization of newly proposed internally heated FB-CVD coating

reactors with external particle circulation.

Keywords: fluidized bed; chemical vapor deposition; particle coating; internal heating—external circulation;

particle circulation; CFD-DEM
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Fig. 1

Experimental apparatus and computational model of the pseudo—2D internal heating—external circulation fluidized bed: (a)

experimental system and central heating element; (b) transparent pseudo—2D bed; (c) reactor dimensions and region definitions; (d)

computational mesh

OpenFOAM . LIGGGHTS I CFDEM coupling 41 A, :
OpenFOAM L) RRFLAE 2K i AR, LIGGGHTS LA
P A% B OAE Z SR fige UKL, A3 R AH S 2 CFDEM
coupling S 3L ]G, AR R A RT3
M)A A] JE 45 Navier—Stokes 2 i, FEIEAT] [k 4=
T2 AR i o 5 BRI ARG A 2
e RS TR Ny

%-'-v ‘(é’gpgug)=0 (1

% +tv- (8gpgugu‘,) =-&,Vp+ V- (agrg) tep8t
S 2)
Horh o, Hy R TSR ZS B 5 p, W A BE 5w, b

s p AR T 5 g R I B 57 S SR
5Kt 5 S, A FIURLAF G A ) Bl i PRI, RS B R
F BURLAE CFD RS BT PN ) o R AR AR5

SV

Vi o

Hip v b CFD Mg FRITIREL, V. UKL i 7E
T MAG BTN BT AR, SR Sk T R

Tg:,u,g[Vug+(Vug)T}+()\g—%p¢g)(V- ug)l 4)
Horbp SRS TR BE A, R E R %
ﬂﬂiﬂ%io CFDEM 7E48 & 20 LICC(;Hquj

) UKL 07 15 2 5 3] OpenFOAM 4% , WA T B 357
AR A BT 0 [ S 2R 0 A

IR AR SR B BT 5 6 R Ak, T Sl A 2l i

SRR By e A 5 UK (] 422 fil 0 H AR ER A R 11
mi% =mg+F, + E(F”'i” + F”.].) (5)

=M, (6)
T my o LA o, 3 5 RURE ¢ 1) R - Bl

g, =1-

XX



XX I www.hgxb.com.cn c 5
F1 MZHERMASMERTRURILASE BHEN:
Table 1 Geometric parameters of the pseudo—2D internal . V,.B ( ) ™
heating—external circulation fluidized bed “ -, Y™ Vi

e Hft

PRIASERE D,/ mm 320
PRIEFEHE D, / mm 180
IRIRJESE L/ mm 15

HEB Bt B H / mm 560
T IEIE S D/ mm 40
R IE = IE SERE D,/ mm 60
L IMPAETf « / (°) 55
s AR ETHX SR W/ mm 32
rhC ARG B S8 B W, / mm 12
O IHASERE W,/ mm 34
HGEVAR T EE W/ em 10(E), 15, 20(E)

HH A A R ] B 55 S5 W, / mm 10, 15, 20(E), 25, 30
IRIEHES v/ () O(E), 10(E), 15(E), 20

R bR () BUE N 2 S804 6 508 T LIR30 E TR
FHRZHUE
JiE T A R R TR 5 T S SR T 00 4 £ B
15 ¥, FUF,, 3 ) kg JURE — A g kT — B T 22 fih Fsf
A 1) DD [ 422 fik g 5 ML, Ry el DD I 4 ik g 7 A2 1 g
FE o URE [H) K URL S5 RE T[] A 4 R H Hertz 2 fi
BRI
S B 1 2R H Gidaspow £5 # . Fi A X
Wen—Yu B, % A0 X Al FH Ergun JCBE, 745 )5
BB BRI, 0 TR ¢, SRR FH T 0RL Y

S,V R AR v, kOB S B
Hy S BRI B RS

150(1 _:”'zzﬂ"’ + 1.75(1 - 8g)sg| = v"|, £, <08
Bz g7 P

3C (l - )8’2'“7&‘“3_“’ e >0.8

4 D g g d ) g .

(8)
Horr, d, 9 ORLEAR , C, o0 B R R
HEILWIES (@il PR

sgpgdp|ug - Vi|

Re, = ==~ 11 )
He
2% (14 0.15R), Re, < 1000
Cy= Re, (10)
0.44, Re, > 1000

TURLAH X S0AH 09 2 AR 27 LA 3l i IR 0E m
ANSAHB &

S, =_%EHZF“ (11)

FEASCH CFD-DEM A8 H T 8 E i sh 5

IR KT BN W o (TR BURTRES S b Ao e & S (| A AT D

HEAHE E X ] P 51, AT S ORLAG P[]

£ 75 DX 45 B I R 43 A A7 DXCRORE o LR B

HETT 53 BT v B -0 B SR A RN A S B0 i A AR

K2 SR B RORLE PR I 775 - () JEFR PN S5 5 (b—e ) 718 B FURLAN [] b 220 F) 07

Fig. 2 Circulation measurement using a colored tracer particle: (a) reference planes for cycle identification; (b—e) tracer—particle

positions at different times
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NS :
5 H S Uel/ (mfs) H%( L/ﬂ? vl IKIEHEfy RIS s TS
m/s
1 4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5,8.0 1.0 0 20 C4p0_A1p0 ~ C8pO_A1p0
2 4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5,8.0 1.5 0 20 C4p0_A1p5 ~ C8p0_A1p5
3 4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5,8.0 2.0 0 20 C4p0_A2p0 ~ C8p0_A2p0
4 4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5,8.0 25 0 20 C4p0_A2p5 ~ C8p0_A2p5
5 4.0,4.5,5.0,5.5,6.0,6.5,7.0,7.5,8.0 3.0 0 20 C4p0_A3p0 ~ C8p0_A3p0
4 : Case—1-1 ~ Case—1-9 4 C4p0_A1p0 ~ C8p0O_A1p0, MRIK HHfE , Case—5-1 ~ Case~5-9 4§ C4p0_A3p0 ~ C8pO_A3p0
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Table 3 Simulation conditions for reactor structural parameters

o e PSR Ue/  FRERSGE Ual R fy R B rh A T
(m/s) (m/s) B /em
1 PRIFCAHE £y 7.5 3.0 10° 20 20 10deg_Angle
2 IRIRCHE £ 7.5 3.0 15° 20 20 15deg_Angle
3 IR HE £ 7.5 3.0 20° 20 20 20deg_Angle
4 JE S ] it 75 3.0 15° 10 20 10mm_Gap
5 JEE S ] it 75 3.0 15° 15 20 15mm_Gap
6 JE S ] it 7.5 3.0 15° 20 20 20mm_Gap
7 JEFRIEIBR 7.5 3.0 15° 25 20 25mm_Gap
8 JEEHB ] Bt 7.5 3.0 15° 30 20 30mm_Gap
9 A R 7.5 3.0 15° 20 10 10cm_Height
10 A 7.5 3.0 15° 20 15 15cm_Height
11 A 7.5 3.0 15° 20 20 20cm_Height

Note: Case—6-1 ~ Case—6—3 f§ 10deg_Angle ~ 20deg_Angle, Case—7—1 ~ Case-7-5 #§ 10mm_Gap ~ 30mm_Gap, Case—8-1 ~ Case-8-3 I§

10em_Height ~ 20cm_Height
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5 15° 10 260 160
6 15° 20 260 160
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Fig. 3 Comparison of particle flow patterns between CFD-DEM simulations and cold—model experiments: (a) numerical simulation

(cross—sectional view); (b) cold—-model experiment result (front view)
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