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Three—dimensional geometric reconstruction and CFD simulation of an
ethylene epoxidation packed—bed reactor based on X-ray computed
tomography
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Abstract: In this study, three—dimensional X-ray computed tomography (CT) is employed to reconstruct the real
packed bed of quadrilobe catalyst particles. Particle-resolved computational fluid dynamics (CFD) simulations are
then conducted to investigate the coupled flow, reaction, mass transfer, and heat transfer processes in an ethylene
epoxidation packed—bed reactor. CT imaging effectively captures local defects and complex geometrical features of
the catalyst particles. Based on the reconstructed structure, the hydraulic diameter of the quadrilobe catalyst packed
bed is determined to be 0.89 mm. The results show that the fluid bypasses catalyst particles, forming complex local
flow structures. Pronounced concentration gradients of reactants and products develop near the solid - fluid

interfaces. Due to intraparticle diffusion resistance, pronounced concentration gradients develop inside the catalyst
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particles, whereas the temperature distribution remains relatively uniform. Axial convection enhances convective

heat transfer, leading to a relatively small axial temperature gradient in the reactor, while a more pronounced radial

temperature gradient is observed near the reactor wall. This work provides important insights into the geometric

reconstruction of realistic catalyst particle assemblies in packed—bed reactors and the coupled multiphysics

transport processes in solid — pore dual-domain porous media.

Keywords: three-dimensional X-ray computed tomography; quadrilobe catalyst; packed—bed reactor; reaction -

mass — heat transfer; computational fluid dynamics
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Fig.1 Experimental workflow of three—dimensional CT imaging: (a) photograph of the quadrilobe catalyst; (b) micro—CT system; (c)

grayscale image obtained from CT scanning; (d) reconstructed three—dimensional geometry of the catalyst particles
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Fig.2 Three—dimensional reconstruction and mesh generation of the quadrilobe catalyst particles: (a) STL surface mesh of the catalyst
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particles; (b) computational domain mesh of the reactor; (c) mesh at the interface between the solid catalyst domain and the fluid

domain, (d) mesh independence verification
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Fig.6  Velocity distribution: (a) velocity contour on the yz plane; (b) velocity contour on the xy plane; (c) velocity profile along the

central axis; (d) cross—sectional averaged velocity on the xy plane

24 BRI HRBAERSARY

BT 25 0 T RO yz #kIe LA 3 SR BoR
WS E A . B Ta T Th 43 5 R ET F1CO,
P BR B A o THEAF B, BT ZE AL [ A
S8R AR 355 v 1 A FROT- 2 A R B i
1.83x107 m+s™ Fl 1.67x10° m*+s™", CO, X i B {8 4%
R 1.77x107 m?-s7 f1 1.74%x10° m*-s™'. A LIFH,
PRI A A AR A ) B R B B T
A 0] [ 38, 2 B A 7 P S LB 2285 4 o 4
WG = T W HARER . B 7 MAMRIMER
B AT AT A SR I AR S8 ) R RO 2 3 =
PR B 9 R 0.579 Wem™ =K' F1 0.0389 Wem™-
Ko A Eb A, e b0 1 44 B 2 EL A O v 11 S 34
871, A R TR i L i
25 RREERDH

P 8 JBIR T S 1 2 P = 5 I 8 56, BRI S g 5k
Ko, r M8 20 A o 1 8a—c 43 1) Ay R Ak 351 ke
ANZRTE vy o, B, B 53 A ] 8d—f X 0 L AE vz #
T 50 o T RO R I R LAt 2 K
P LSO i 30, DX s A7 T 751 SR A S 30 A
N UL 11 3R BE 43R ) BRI v, T e, P18 L DX 35
B P FIZ Xk, W 8a FNIE 8b IR o 1, M, 53

SR N BT 25 1 3 v BRI N FE .
T ETTEARAHR N o 5 rh 2 B FLE5 A BRI,
TE It A Sl A o B e TSR NS . PRI, G 8d
FE 8e JIT 7 r, 5 r, 75 A AL TR 1 3 THT B AT 35 3] 48 5
(B, I B 5 ] A Ak 50 P9 4 130 2 9 o i 38
%o T X5 R 774 BO ik — 20 Ak B .
T EO = BEAEAME AT P90 26 i, JLAE [ R A 550
IS A VR B v T AR A BT, R 0k PR 8F 1 e (L
DB 534 T AR R NS T A T B 30T ) B vy
R XS R
26 REST

19 S R W) ET 18 BN i N BV B2 o3 A o &
9a AL SR ET W BE /34 o Wi AR 30 7 In]
(B R 2 E) BT BB FEAR , 76 4 A0 7R K )2 T
HRB T IR BN B ARE . I Ob 25 T yz #0m LAY ET ¥k
JEo3 AT o BT ET 2 SO 4, A it Al e g e i
THEAFINEL . B 9c F R EARI AR K=
AN R B T xy T B ET YR A . &
9d Sk K2 I g O Bl 2 LR BT R BE AR AL . AT LA
PO %2[NS RUN 112 o 0 OF W73 o S £ 5 N ST o
WA TR VI DX, 32 DX 1 HhO il 4 2 i
RN Al R A DR VA S B R N s A DO 3



- 10 -

fb T

o
¥

Ejte XX

(a) ET effective diffusion

(b) CO, effective diffusion

(c) Effective thermal conductivity
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Fig.7 Distributions of effective diffusion coefficient and effective thermal conductivity: (a) effective diffusion coefficient of ET, (b)

effective diffusion coefficient of CO,, (c) effective thermal conductivity
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Fig.8 Reaction rate distribution: (a) r, distribution on the catalyst surface; (b) r, distribution on the catalyst surface; (c) r, distribution
on the catalyst surface; (d) r, distribution on the yz—plane cross—section; (e) r, distribution on the yz—plane cross—section; (f) r,

distribution on the yz—plane cross—section
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Fig.9 ET concentration distribution: (a) surface of catalyst particles; (b) yz—plane cross—section; (c) radial distribution on the xy—

plane; (d) central axis; (e) cross—sectional averaged value on the xy—plane
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Fig.10  CO, concentration distribution: (a) surface of catalyst particles; (b) yz—plane cross—section; (c) radial distribution on the xy—

plane; (d) central axis; (e) cross—sectional averaged value on the xy—plane
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