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ABSTRACT 

A vital process for converting heavy petroleum productions is Fluid Catalytic 

Cracking (FCC). As a major source of CO2 emissions, the regenerator reactor in 

the FCC unit accounts for about 20-35% of the refinery's total emissions. A 

common method for reducing CO2 emissions from the FCC regenerator is oxy-

combustion, which has different advantages with regard to reducing energy 

penalties and associated costs. In this study, a computational fluid dynamic 

(CFD) study was used to examine the hydrodynamic characteristics of solid 

particles and gas inside the FCC regenerator, allowing CO2 to be captured more 

efficiently. Utilizing Ansys Fluent platform, the Eulerian-Eulerian model was 

applied with granular flow kinetic theory. In the simulations, different mesh 

sizes were tested, and the hydrodynamics of the oxy-combustion regenerator 

were evaluated by adjusting CO2 flow rates to achieve similar fluidization 

behaviors. The CFD results indicated that the conventional drag model 

accurately predicted the density phases within the bed. In oxy-combustion, CO2, 

due to its density, naturally creates a smaller dense phase compared to air-

combustion. Moreover, optimizing the fluidizing gas velocities resulted in 

enhanced particle mixing, resulting in a distributed flow with vortices within the 

dense phases due to a reduction in gas velocity. To improve the environmental 

performance of the FCC unit, this research provides valuable insight into the 

hydrodynamics of solid catalysts used in the oxy-combustion process.  
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1. INTRODUCTION 

Solid-gas multiphase flow is a complex phenomenon 

involving both gas and solid particles, encountered in 

many processes such as combustion (De Mello et al., 

2013; Li & Shen, 2022), fluidized bed reactors (Cui & 

Grace, 2007; Hashim et al., 2020), pneumatic conveying 

(Aboudaoud et al., 2023; Chu & Yu, 2008; Rautiainen et 

al., 1999), spraying (Mezhericher et al., 2012; Zhang et al., 

2021; Chen et al., 2022), and electro winning (Pourahmadi 

& Talebi, 2020). Among these processes involving solid-

gas multiphase flows, fluidized bed reactors have 

excellent mixing and heat transfer characteristics, and they 

are therefore widely used in petrochemicals (Taghipour et 

al., 2005). One instance related to petrochemical 

applications of the fluidized bed reactors to consider is 

Fluid Catalytic Cracking (FCC), which assumes a crucial 

significance in converting vacuum gas oil or heavy 

petroleum residues to valued products such as light cycle 

oil, gasoline, and light petroleum gas (Tang et al., 2017a, 

b; Güleç & Okolie, 2023). However, a typical refinery 

produces approximately 20-30% of its overall gas 

emissions from fluid catalytic cracking (FCC), an 

important contributor to greenhouse gases (De Mello et 

al., 2013; Güleç et al, 2023a). There have been multiple 

proposals put forward to capture the CO2 emissions from 

FCC units. These include Chemical Looping Combustion 

(CLC) (Güleç et al., 2019; Güleç et al., 2020a, b, 2023b), 

post-combustion capture (Digne et al., 2014; Miracca & 

Butler, 2015), and oxy-combustion capture (Da Silva et 

al., 2015; Dos Santos et al., 2008).  

In this study, among these CO2 capturing methods, 

oxy-combustion integrated with FCC is considered to 

investigate the solid-gas multiphase flow.  

 An FCC unit comprises of two interconnected reactor 

arrangements: a regenerator, known as a fluidized bed 

reactor, and a catalytic cracking riser, also referred to as a 

riser reactor (Jones & Pujadó, 2006). The preheated 

petroleum feedstock mixes with hot catalysts and steam  
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NOMENCLATURE 

Cd drag force  σk turbulent Prandtl numbers 

CFD Computational Fluid Dynamic  σε turbulent Prandtl numbers 

CLC Chemical Looping Combustion  λs bulk viscosity (solid) 

CO2 carbon dioxide  λs bulk viscosity (gas) 

FCC Fluid Catalytic Cracking  Θ granular temperature 

O2 oxygen  gi gravity acceleration  

a volume fraction  g0 radial distribution function  

ε turbulence dissipation ratio  h bed height 

k turbulence kinetic energy  P pressure 

 dynamic viscosity  ν⃗  instantaneous velocity 

t,g turbulence viscosity (gas)  v′ fluctuating velocity (solid) 

eff,g effective viscosity of gas phase  ΓΘ granular diffusion coefficient 

s shear viscosity (solid)  Πg turbulent exchange terms (gas) 

ρ density  Πk turbulent exchange terms (solid) 

 

 
Fig. 1 Flow chart of oxy-combustion process in the 

FCC (Güleç et al., 2020a) 

 

and is cracked at a temperature of 480-600 C in the FCC 

riser reactor (Güleç, et al., 2023c). Once the catalyst 

surface accumulates coke, primarily in the form of carbon, 

the catalyst activity decreases. In cyclones, cracked 

products and coke-deposited catalysts are separated after 

cracking reactions. After moving the coke-containing 

catalyst to the regenerator, the coke within the FCC 

regenerator is eliminated by using oxygen (O2) to burn.  

A regenerator utilizing high purity oxygen is used for 

CO2 capture in oxy-combustion processes to produce a 

fuel gas primarily containing CO2 and H2O vapor. Figure 

1 illustrates the oxy-combustion process in the FCC. 

During the dehydration process, recycled CO2 obtained 

from the air separation unit (ASU) is mixed with pure 

oxygen supplied. A combination of O2 and CO2 is then 

directed to the regenerator, where it is burned off to 

remove the coke that accumulated on the FCC catalyst. In 

order to complete the regeneration process, the coke is 

burned on the catalyst with oxygen. A crucial important 

step within the FCC unit is this regeneration process, 

which involves solid-gas multiphase flows (Azarnivand et 

al., 2018). The effectiveness of catalyst regeneration in the 

regenerator depends on the level of distribution and 

thorough mixing of the catalytic materials with the gas. In 

this stage, it becomes clear that the hydrodynamics 

involved in the flow of the solid-gas multiphase system 

within the FCC regenerator are of considerable 

importance.  

A computational fluid dynamic (CFD) model 

provides a lot of information about the fluid domain, such 

as velocity, pressure, temperature, turbulence, and particle 

volume fraction (Kamer et al., 2018; Erdoğan & Daşkın, 

2023; Karabulut, 2023a, b; Lu et al., 2023). Consequently, 

the utilization of CFD studies has progressively grown in 

importance for the design, analysis, and optimization of 

FCC regenerators. Particles volume fraction and bed 

density in the regenerator are commonly regarded as the 

indicators of the hydrodynamic characteristics in the FCC 

regenerator, pertaining to the flow of solid-gas multiphase 

systems. Fluidized bed reactors, which are samples of 

solid-gas multiphase flows, are commonly studied using 

CFD (Khan et al., 2014). Furthermore, CFD has been used 

extensively to predict hydrodynamics (Schwarz & Lee, 

2007; Li et al., 2009; Alzate Hernández, 2016; Azarnivand 

et al., 2018; Güleç et al., 2021; Yang et al., 2021b), coke 

combustion (Zimmermann & Taghipour, 2005; Chang et 

al., 2013; Amblard et al., 2017; Berrouk et al., 2017; Singh 

& Gbordzoe, 2017; Yang et al., 2021a;), and heat transfer 

(Amblard et al., 2017) in FCC regenerators. 

Güleç et al. (2021) studied the hydrodynamic of the 

CLC-FCC regenerator. They revealed effects of some 

parameters such as superficial gas velocity, gas inlet 

geometry, flow regimes, and drag models on the solid-gas 

mixing performance and bed density profiles. It should be 

noticed that the study focused on the Chemical Looping 

Combustion (CLC) process. Some computational studies 

have been conducted on the air-combustion process in 

different regenerator geometries to investigate their 

hydrodynamic performance. Gao et al. (2009) reported the 

hydrodynamic of the air-combustion process in the FCC 

regenerators. They revealed that flow models and kinetic 

theories are less sensitive to the coefficient of restitution 

than hydrodynamics. In the study carried out by Chang et 

al. (2016), it was computationally revealed that two 

regions, are dense region and a dilute region, occurred  

in the regenerator used for regeneration of the catalysts  
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Fig. 2 The geometric (in mm) and boundary 

conditions details of regenerator solid model 

 

coked. In another study (Chang et al., 2016), CFD 

modeling was used to analyze gas-solid flow patterns in a 

laboratory-scale fluid catalytic cracking regenerator, 

highlighting the impact of recirculated catalyst and airflow 

velocity on catalyst distribution. As a result, oxy-

combustion processes have not been numerically studied 

in the FCC regenerator since the fluidization gas is mainly 

air or CO2 in chemical looping combustion. 

Specifically, this study aims to comprehensively 

investigate the hydrodynamic attributes of the FCC unit's 

regenerator, focusing on how CO2 is captured during the 

oxy-combustion process. The Syamlal-O'Brien drag 

model, which has never been used for oxy-combustion, 

was used to simulate and analyze the performance of the 

FCC regenerator during the oxy-combustion process, 

focusing on elucidating the hydrodynamic characteristics 

of the solid-gas mixture. A series of bed density values, 

volume fraction contours, and velocity vectors of the solid 

particles (catalysts) were obtained for different flow times 

and were compared. 

2. CFD METHODOLOGY 

2.1 Geometry and Mesh Details 

Firstly, a solid model was developed in three 

dimensions to simulate the solid-gas multiphase flow 

which occurs in the FCC regenerator under conditions of 

oxy-combustion to simulate the FCC regeneration 

process. Figure 2 depicts the geometric details and mesh 

model of the regenerator. The regenerator was simplified 

with a downscale of 1/10 in order to avoid simulation cost 

and time (Güleç et al., 2021). There are three sections to 

the regenerator unit, each with a different diameter and 

height. At the bottom, the diameter is 210 mm, and the 

mm, respectively. As the middle section of the CLC-FCC  

Table 1 Mesh numbers 

Mesh code Number of mesh elements 

M1 150000 

M2 220000 

M3 300000 

M4 430000 

M5 520000 

 

regenerator model measures 350 mm in height, the upper 

height is 792 mm. The middle section and an upper section 

have diameters of 270 mm and 290 mm, respectively. 

Ansys-Fluent, a commercial software package, is used to 

conduct the CFD simulations. So as to discretize the 

spatial of the FCC regenerator fluid domain, the Finite 

Volume Method is used. Also, it can display velocity, 

pressure, temperature, shear stress, and volume fraction 

for fluid domains. An analysis of a three-dimensional 

multiphase flow based on CFD simulations of granular 

flows is presented in this research, utilizing the Eulerian-

Eulerian model and incorporating the kinetic theory of 

granular flows. It was demonstrated in this study that all 

CFD simulations were performed with triangle meshes as 

the meshing geometry. 

 In order to ensure that the mesh structure is suitable for 

numerical simulations using CFD, mesh independence 

studies are required. A mesh independence study was 

conducted using five different mesh numbers and 

simulations to measure the effectiveness of mesh 

independence. The mesh numbers identified in the mesh 

independence study are listed in Table 1. 

 The solid-gas multiphase flow is significantly 

influenced by the entrance zone because most of the 

interaction between solid and gas phases occurs in this 

specific region of the FCC regenerator. Hence, dense 

meshes are created in the inlet area so that more sensitive 

solutions can be obtained. An acceptable value of 0.77 

(Fluent, 2009) was reached for maximum skewness, an 

important metric for mesh quality evaluation. Meshes are 

refined across the entire flow domain. A mesh curvature 

of 18 degrees is implemented, with coarse and medium 

settings chosen for the relevance center and mesh 

smoothing characteristics. 

2.2 Numerical Approach 

The turbulent flow of a mixture of solid particles and 

gas is simulated by creating a multiphase fluid dynamics 

model that employs the Eulerian-Eulerian framework to 

represent solid and gas phases. Using averaged equations, 

it is possible to extend these models to simulate solid-gas 

multiphase flow for the oxy-combustion process in the 

FCC regenerator. Both the solid and gas phases are subject 

to the application of conservation principles for mass, 

momentum, and granular temperature independently. The 

regenerator's flow of solid particles and gas is described 

by utilizing a computational fluid dynamics (CFD) model. 

This model incorporates a multiphase flow approach 

based on the granular flow kinetic theory, allowing for the 

derivation of the governing equations. The granular 

temperature undergoes temporal and spatial variations 

within the bed, thereby influencing the viscosity and stress 

characteristics of the solid phase. 
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Fig. 3 Instantaneous volume fraction contours of particles for mesh study (20 s and 1.0 m/s velocity of 

superficial) 

 

As governing equations, the mass and the momentum 

equations are resolved for each solid and gas phases 

(Ansys, 2011). In order to understand how turbulence 

fluctuations impact the fundamental conservation 

equations, a suitable turbulence model is required. The 

turbulence model used in this study is the commonly 

employed 𝑘-𝜀 turbulence model (Launder & Spalding, 

1972), providing useful insights into industrial flows with 

acceptable accurate. Solid phase fluctuations in fluid 

domain are explained by kinetic theory of granular flow 

(Gidaspow, 1994). It is necessary to calculate the solid 

phase pressures and viscosities based on granular 

temperature in order to determine the solid phase pressures 

and viscosities. It is crucial to comprehend that the 

temperature of the granular material is directly linked to 

the kinetic energy of the solid particles, which exhibit 

random motion. The Syamlal-O'Brien drag model is 

utilized for determining the interphase drag coefficient 

when calculating the overall drag coefficient. (Syamlal et 

al., 1993). Coefficients of specularity and restitution are 

determined to be 0.6 (Chang et al., 2013) and 0.95 (Chang 

et al., 2013; Alzate Hernández, 2016), respectively.  

This study includes a series of CFD simulations to 

reveal hydrodynamic behaviors of the oxy-combustion 

process in the FCC regenerator by comparing them with 

air-combustion simulations. As part of the process of 

regenerating a coke-deposited catalyst, oxygen (24% O2 + 

76% CO2) is transferred into the regenerator for the oxy-

combustion process while air (21% O2 + 79% N2) is 

supplied into the regenerator for the air-combustion 

process. The same flow rate of gases was supplied to the 

regenerator at three different velocities (0.7 m/s, 1 m/s, 1.5 

m/s) to compare oxy-combustion and air-combustion.  

It can be seen in Fig. 2 that the surface of the 

regenerator that receives gas (210 mm in diameter) is 

determined to be a velocity inlet boundary condition, 

whereas the surface of the regenerator that leaves the gas 

(290 mm in diameter) is determined to be a pressure outlet 

boundary condition. For all surfaces, the wall boundary 

conditions are implemented as the no-slip condition for 

the gas phase and the partial slip condition for the solid 

phase. The time step size is 0.0005 s (Chang et al., 2016), 

and 20 iterations (Azarnivand et al., 2018) are conducted 

for each time step. The value of 0.001 is reached as a 

convergence criterion for all variables at the end of all 

simulations. The SIMPLE algorithm is employed as a 

method of coupling velocity and pressure for the 

numerical approach is used. First Order Upwind scheme 

was employed for variables such as turbulence kinetic 

energy (k) and turbulence dissipation ratio (ε) while for the 

time-dependent solution formulation is First Order 

Implicit. The solid phase that was analyzed in this research 

is composed of a mixture of particles whose average size 

is 0.00065 mm and their density was 1500 kg/m3. During 

the simulations, solid-gas multiphase granular flow CFD 

models were developed, which were capable of allowing 

the volume fraction of the solid packing to be as high as 

0.63 during the simulations. The regenerator inventory at 

the start of the project is 4.95 kg. A total of eight 

processors were utilized for each analysis in order to carry 

out parallel processing with 32 GB ram and 3.3 GHz 

processor. 

3.  RESULTS AND DISCUSSIONS 

This study was undertaken to investigate the oxy-

combustion process, integrating with the FCC regenerator, 

and compare it with air-combustion process, mostly with 

regard to its hydrodynamic behavior. There are basically 

two stages to the study: (i) the mesh study of the oxy-

combustion process, which is crucial to all CFD 

simulations; (ii) the CFD simulations of both oxy-

combustion and air-combustion based on the same flow 

rate condition of the process with different gas inlet 

velocity values. 

3.1 Mesh Study 

Mesh independence analyses on the mesh numbers 

were conducted based on the use of five distinct quantities 

that are listed in Table 1. The study that was conducted to 

investigate mesh independence primarily analyzed the 

results by examining contours of the volume fractions on 

the x-y plane of the FCC regenerator and the volume 

fractions at different heights of the bed. Figure 3 depicts 

the contours of particle volume fraction for five distinct  
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Fig. 4 The radial distribution of particles volume fraction with section-averaged for five meshes (under 1.0 

m/s velocity of superficial, at 250 mm and 500 mm of bed density) 

 

 

Fig. 5 The volume fraction contours of particles for M4 at an early stage of regenerator under 1.0 m/s gas 

inlet velocity 

 

meshes with a gas inlet velocity of 1.0 m/s and an airflow 

duration of 20 s. Figure 4 displays the time-averaged (10-

30 s) radial distribution of particle volume fraction with 

section-averaged at 150 mm and 300 mm for five different 

meshes with a gas inlet velocity of 1.0 m/s. With an 

increased mesh number, particles ascend with a lower 

height in the regenerator, as shown in Fig 3. Further, as the 

mesh structure becomes more sensitive, the magnitude of 

each variable at the center of each infinite volume, in the 

fluid domain, becomes more sensitive to the resolution. It 

should not be overlooked that this situation occurs when 

the flow time is 20 s as instantaneous, not a steady state 

condition. M4 and M5 particle distributions exhibit a close 

distribution, while M1, M2, and M3 meshes display a 

similar distribution across the regenerator but are distinct 

from distributions obtained for the other two mesh 

numbers, when both Fig. 3 and Fig. 4 are carefully 

examined. As a result of all these factors, M4 was credibly 

determined as a mesh number for this study's CFD models. 

Figure 5 shows particle volume fraction contours from an 

early stage of the regeneration process at 1.0 m/s gas inlet 

velocity under airflow. 

3.2 Validation Study 

A validation study was conducted to determine the 

applicability of the CFD model, used in this study, on the 

oxy-combustion process in the FCC regenerator. Reynolds 

number (3.7*104) was kept the same in validation  

simulation as in reference study. Using mesh studies as a  

 
Fig. 6 Volume fraction values at different bed height 

ratios, comparing with industrial data and a 

reference study 

 

basis, M4 mesh number was used in the validation study. 

In addition, it should be noted that solid-gas phase  

interactions within multiphase granular systems are 

revealed by the drag force (Li et al., 2009). Mesh number 

and turbulence model are therefore critical as well as the 

drag model in validation studies relating to multiphase 

granular flow structures. Comparing industrial data and 

previous study published by Chang et al. (2016), Fig. 6 

shows the volume fraction throughout the dimensionless  
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Fig. 7 The radial distribution of time-averaged particle volume fraction with section-averaged (0.7, 1.0, and 

1.5 m/s velocity of superficial, at 250 mm and 500 mm of bed density) 

 

bed height of the regenerator. Particularly, within the 

bottom section of the regenerator, the model employed in 

this investigation exhibits a strong agreement with the 

industrial data, consistent with the findings presented by 

Chang et al. (2016). Nevertheless, the computational fluid 

dynamics (CFD) model employed in this investigation 

exhibited an underestimation of particle volume fraction 

solely within the upper section (h/H > 0.35) of the 

regenerator when compared to the reference study. Based 

on the regenerator inventory capacity and pressure level, 

this is considered acceptable. 

3.3 Same Inert Flow Rate Study 

A primary difference between the air-combustion 

process and oxy-combustion is that the air-combustion 

process involves supplying O2 + N2 gas to the regenerator, 

while the oxy-combustion process involves transferring 

O2 + CO2 to the regenerator. The recycled CO2 used in the 

oxy-combustion process would exhibit a similar 

volumetric flow rate to the N2 present in the air when 

operated under identical conditions (De Mello et al., 

2013). The regenerator would be able to extract more heat 

from carbon dioxide than from air because carbon dioxide 

has a higher heat capacity. CFD simulations were carried 

out in the FCC regenerator, examining three different gas 

inlet velocities to be able to understand the hydrodynamic 

nature of the process of oxy-combustion. All results of the 

oxy-combustion process obtained for this study from the 

CFD simulations are presented by comparing them with 

the results of the air-combustion process. Figure 7 

illustrates the particle volume fractions averaged over a 

time period of 10-30s. These volume fractions are 

determined through radial distribution at two different 

heights of 150 mm and 300 mm, and at gas inlet velocities 

of 0.7 m/s, 1.0 m/s, and 1.5 m/s. The predictions are 

obtained for both air-combustion and oxy-combustion 

conditions. According to all simulation results in Fig. 7, 

zones near the center of the FCC regenerator have higher 

volume fractions than zones near the walls. FCC 

regenerator reactors feature this flow regime as one of 

their characteristics. There are several reasons why the 

volume fraction of the particles is higher between r = 0.9 

m and the wall, including partial slip boundary conditions  

 
Fig. 8 The bed density profiles along the axial 

direction under air and oxy-combustion conditions at 

gas inlet velocities of 0.7, 1.0, and 1.5 m/s 

 

and bubble formation, movement, and splitting (Gao et al., 

2009). Figure 8 illustrates the averaged axial bed density 

profiles (10-30s) of the regenerator, comparing air and 

oxy-combustion scenarios at superficial velocities of 0.7, 

1.0, and 1.5 m/s.  

 The observations in Fig. 8 reveal that the regenerator's 

bed density profiles can be divided into two distinct 

regions: (i) a dense phase with a bed density of 200-300 

kg/m3 at h/H ratio of 0.4, and (ii) a highly dilute phase with 

a bed density ranging from 0 to 200 kg/m3 below the h/H 

ratio of 0.4. Moreover, as the gas inlet velocity increases, 

the drag force intensifies, leading to a reduction in bed 

density for both air-combustion and oxy-combustion 

processes. Meanwhile, CO2 has a higher density than N2, 

which occasions a higher drag force, this leads therefore 

to a low bed density value, especially, at the h/H=0-0.4 

and a high bed density value above the h/H=0.4. Figure 9 

presents the volume fraction distributions of the particles 

at 20 s for different gas inlet velocities (0.7, 1.0, and 1.5 

m/s) during air and oxy-combustion processes. 

Considering the CFD simulations conducted with 

determined parameters, steady-state conditions could be 

reached for the solid-gas multiphase flow at the 20s.  

As shown in Fig. 9, when the color map bar is examined
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Fig. 9 The volume fraction contours of particles and velocity magnitude profiles (at 20s and 0.7, 1.0, and 1.5 

m/s gas inlet velocities air-combustion and oxy-combustion) 

 

 
Fig. 10 The volume fraction contours of particles and velocity magnitude vectors at the early stage (1.0 m/s 

gas inlet velocity, air-combustion) 

 

for each contour picture obtained for each gas inlet 

velocity, it can be seen that the maximum volume fractions 

differ. CO2 drags the catalysts particles to more upper than 

N2, which becomes more apparent as the gas inlet velocity 

increases. In addition, oxy-combustion bubbles exhibit 

horizontal expansion rather than vertical expansion like 

bubbles in air-combustion. Figure 10 illustrates the 

particle volume fraction contours and velocity magnitude 

vectors at the early-stage time intervals of reactor at the 

gas inlet velocity of 1.0 m/s under air-combustion. The 

particle volume fractions and velocity magnitude vectors 

at the steady state time intervals of reactor at 1.0 m/s of 

air-combustion are shown in Fig. 11. Considering that the 

velocity vectors of particles provide details about the 

particles, such as their movement direction, it is crucial to 

present them. Figure 12 depicts the particle volume 

fractions and velocity magnitude vectors at the early stage 

of reactor at the gas inlet velocity of 1.0 m/s under oxy-

combustion. The particle volume fractions and velocity 

magnitude vectors at the steady state of reactor at 1.0 m/s 

of oxy-combustion are presented by Fig. 13. Usually, 

when simulating solid particle flow in multiphase granular 

flow regenerators, the duration of the steady-state period  
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Fig. 11 The volume fraction contours of particles and velocity magnitude vectors at steady state (1.0 m/s gas 

inlet velocity, air-combustion) 

 

 

Fig. 12 The volume fraction contours of particles and velocity magnitude vectors at the early stage (1.0 m/s 

gas inlet velocity, oxy-combustion) 
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Fig. 13 The volume fraction contours of particles and velocity magnitude vectors at steady state (1.0 m/s gas 

inlet velocity, oxy-combustion) 

 

is taken into consideration. In fact, the steady state time 

period of the flow simulation varies according to the 

geometry of the FCC regenerator and its size. 

Nevertheless, traditional FCC regenerators need to be 

temporarily deactivated and then reactivated in order to be 

maintained and cleaned. It is, therefore, necessary to gain 

a more in-depth understanding of the hydrodynamics 

involved at the early-stage of FCC regenerators, 

particularly in relation to solid-gas granular flow. As 

shown in Fig. 10 and Fig. 12, the volume contours for 0.25 

s show that the bubbles separate from the flow volume at 

the inlet of the regenerator earlier in the air-combustion 

process compared to oxy-combustion. The turbulent flow 

exhibits an asymmetrical distribution even during the 

initial instants (0-0.5 s) following the commencement of 

both air-combustion and oxy-combustion processes. 

According to Fig 10-13, zones with bubbles within 

contour pictures correspond to areas with maximum 

velocity vectors within vector pictures. At this point, it is 

necessary to consider that the velocity vectors of all 

particles at these bubbles are not upwards and velocity 

vectors of some particles are downwards. In the early stage 

(0-8 s) of air-combustion process, Fig. 10 and Fig. 12 

show that air-combustion process provides a relatively 

better bubble distribution than oxy-combustion process, 

while at steady-state flow time, Fig. 10 and Fig. 12 

indicate that oxy-combustion process results in better 

mixing and distribution mechanisms. It can also be seen 

from Fig. 10 and Fig. 12 that at higher positions within the 

reactor, lower particle volume fractions are observed, 

suggesting the existence of dense and dilute phases in the 

lower and upper regions of the fluidized bed, respectively. 

4. CONCLUSION 

In this study, CFD simulations have been conducted 

on the solid-gas multiphase granular flow in the FCC 

regenerator when oxy-combusted coke-deposited 

catalysts are being regenerated in a solid-gas multiphase 

flow. A study was carried out to examine the impact of 

oxy-combustion process (O2+CO2 as gas mixing and FCC 

catalysts as solids) on the gas-solid hydrodynamics of 

FCC regenerators in comparison with those of air-

combustion regenerators. 

• Usually, in conventional drag calculations, the 

Syamlal-O'Brien model elucidates a transition from a 

dense phase to a subsequent dilution phase (ranging 

from 250 to 300 kg/m³). This phenomenon is 

particularly noteworthy when comparing the particle 

drag forces of CO2 and N2, wherein CO2, owing to its 

higher specific gravity, exerts a notably greater drag 

force. 

• Compared to industrial data and literature, the mesh 

number and turbulence model employed is 

demonstrated to be accurate, particularly up to a 

height of h/H > 0.35. 

• In comparison to conventional air-combustion, oxy-

combustion is characterized by a slight reduction in 
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the dense phase due to the expansion of the bed 

caused by the oxy-combustion gas. As a result of the 

introduction of gas to the regenerator that promotes 

the fluidization of solid particles, the mixing of solid 

particles is enhanced.  

• When the gas inlet velocity is adjusted to 1.0 m/s, an 

optimal distributed flow pattern emerges across the 

dense phases, leading to the formation of vortices 

throughout these dense regions. 

A thorough chemical and thermal CFD analysis 

would be valuable for further research in order to gain 

a deeper understanding of these systems. These 

analyses can focus on enhancing the residence time of 

the catalyst with coke deposits in the regenerator, 

particularly when operating under air and oxy-

combustion conditions. The goal is to optimize this 

residence time for improved performance. Moreover, 

it is possible to forecast the influence of the carrier 

gas (CO2) and the concentrations of flue gases 

(primarily CO2 and H2O, potentially including O2 and 

CO) by studying the combustion of coke in oxy-

combustion conditions. 
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