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ABSTRACT: Gas-solid fluidized bed reactors are among the common methods to produce linear low-
density polyethylene. The contact quality between the two phases and the mixing of the solid particles in
these reactors have significant impacts on the polymerization reaction. In this research, the hydrodynamic
behaviour of two reactors licensed by Basell and Mitsui companies was investigated using computational
fluid dynamics. Two-fluid model with the kinetic theory of granular flow was used. The model was first
validated using experimental data, and then the analyses of the Mitsui and Basell industrial reactors were
carried out. The results showed that the uniformity of the gas phase volume fraction, which indicates the
quality of the gas-solid contact, increases with the distance from the bed bottom in both reactors so that at
a normalized height of 0.96, the phase homogeneity reaches its maximum. At this height, the coefficient
of variations of volume fraction in the Basell and Mitsui reactors are 0.4% and 1.3%, respectively, and
the phase homogeneity in the Mitsui reactor is always higher than that in the Basell reactor at different
heights, indicating a better contact between particles and gas. The time-averaged axial velocity of the
solid particles at different heights showed that the intensity of solid particle movement is higher in the
Basell reactor, so that at a normalized height of 0.72, the axial velocity of the solid particles in the Basell
reactor is approximately 2 m/s, while it is approximately 1 m/s in the Mitsui reactor. Considering the
axial velocity parameter, it can be concluded that the quality of solid particle mixing in the Basell reactor
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is higher than that in the Mitsui reactor.

1- Introduction

Polyolefins are widely used in wvarious industries.
Polyethylene is the most extensively produced polyolefin,
with production methods categorized into high- and low-
pressure processes. Low-pressure gas-phase processes
employing fluidized-bed reactors are commonly used[1-2].

Various reactor configurations have been developed by
different licensors, with the Basell and Mitsui technologies
being widely used. While the overall reaction conditions
are similar, differences in reactor configuration details can
impact the hydrodynamics, such as solid particle mixing and
gas-solid contact, which are critical in reactor performance.

The hydrodynamics of gas-solid fluidized bed reactors can
be studied using two main numerical modeling approaches:
Euler-Lagrange and Euler-Euler. Due to the significantly
higher computational requirements of the Euler-Lagrange
method, it is not used for simulating industrial-scale fluidized
bed reactors[3].

Many studies have investigated fluidized bed
hydrodynamics, including a recent investigation [4] on the
effect of gas distributor design on bubble behaviour in a lab-
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scale fluidized bed. However, the hydrodynamic simulation
of fluidized bed reactors has rarely been examined under
industrial operating conditions. Most of the existing studies
have been conducted on a laboratory scale and do not focus
on a specific technology. Furthermore, there is a lack of
research that compares the different reactor configurations
and their effects on the reactor hydrodynamics.

This paper aims to investigate the hydrodynamics of two
industrial reactors with distinct configurations using CFD
tools. First, a suitable model is developed and validated.
Subsequently, a comparative analysis of the hydrodynamic
performance of the two reactors is performed using the
developed hydrodynamic model.

2- Methodology

To simulate a two-phase system using the Eulerian model,
the time-averaged conservation equations for mass and linear
momentum are considered for each phase [5]. In addition to
the primary conservation equations, the model incorporates
equations describing the interactions between particle-gas,
particle-particle, and particle-wall [6]. For the Eulerian
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Table 1. Closure models used in the hydrodynamic

model
Model Reference
Viscosity Model Gidaspow [7]
Conductivity Model Gidaspow [7]
Granular Pressure Model Lun [6]

Frictional Stress Model Johnson Jackson Schaeffer [8]
Radial Distribution
Function

Drag Model

SinclairJackson[9]

Syamlal Obrien [10]
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Fig. 1. Contour of volume fraction of particles obtained
from the simulation of the industrial reactor at t=30 s

simulation, a suitable rheological model is required to capture
the behaviour of the solid phase as a fluid-like material.
In this study, the KTGF model is employed to express the
aforementioned interactions [7]. The sub-models used to
develop the hydrodynamic model are given in Table 1.

For simulating the industrial reactors, due to the very high
volume of industrial reactors, the dimensions of the reactor
were scaled down 4 times, but the properties of phases and
superficial gas velocity and pressure were kept constant.
General configurations of both reactors and the field of
volume fraction of particles obtained from the simulation are
shown in Figure 1.

Simulations were performed by OpenFOAM v-9 on a
computer with 24 CPU cores. multiphaseEulerFoam solver
was used for simulations and each simulation of the reactor
took around 5 to 7 days to complete (30 seconds).

3- Result and Discussion
To perform a mesh independency study, the time-averaged
volumetric fraction of the solid phase was investigated along
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Fig. 2. Comparison of the size distribution of bubbles

at a height of 90 mm from the bottom of the bed and a

velocity of 3.4 times the minimum fluidization velocity
between simulation and experimental data [11]
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Fig. 3. Comparison of the CoV related to the time-aver-
aged volume fraction of the gas phase

the reactor’s axial direction. After further investigation, a cell
size of 10 times of particle diameter was selected (results are
not shown here).

After the mesh independence study, the hydrodynamic
model was validated using experimental data available
in Busciglio et al. [11]. One of the critical aspects in
the behaviour of bubbling fluidized bed reactors is the
investigation of bubble characteristics, including bubble rise
velocity and bubble size distribution. In this study both were
studied and as an example bubble size distribution at a bed
height of 90 mm and gas velocity 3.4 times the minimum
fluidization velocity is shown in Figure 2. The simulation
could accurately predict the bubble size distribution obtained
from experimental measurements.

Figure 3 shows the coefficient of variation of gas volume
fraction (CoV) versus bed normalized height in both reactors.
If Cov is reduced, the quality of gas-solid contact is increased.
The gas-solid contact quality in Mitsui technology is higher
than in Basell technology, and this quality also increases with
the distance from the bottom of the bed (Figure 3). Therefore,
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Fig. 4. Comparison of the time-averaged solid phase ve-
locity (from 10 to 30 seconds) in the axial direction and
at a normal height of 0.72.

the presence of the stirrer improves the quality of gas-solid
contact and the uniformity of the flow of the two phases.

For evaluating the intensity of the solid mixing, axial
solid velocity was considered. According to the value of
the velocities, it can be seen that at a normal height of 0.72
(Figure 4), the maximum velocity of solid particles in the
Basell reactor is almost twice the solid particle velocity in the
Mitsui reactor.

Therefore, this higher velocity of solid particles in Basell
technology indicates more mixing of solid particles in this
reactor.

4- Conclusion

The study investigated the hydrodynamics in industrial
fluidized bed reactors used for linear low-density polyethylene
production: the Basell and the Mitsui reactors. The results
showed that the gas-solid contact quality was better in the
Mitsui reactor compared to the Basell reactor. For instance,
at normalized bed heights of 0.96, CoV was 4% for Basell
and 1.3% for Mitsui. In addition, across all bed heights, the
Mitsui reactor demonstrated a lower CoV, suggesting better
gas-solid contact quality. In terms of solid particle mixing, the
Basell reactor showed higher axial solid particle velocities
and more intense solid mixing compared to the Mitsui
reactor. In conclusion, the hydrodynamic comparison showed
that the quality and uniformity of the two-phase contact in
the reactor used in Mitsui technology was higher than in the
Basell reactor. On the other hand, it was observed that the
solid particles in the Basell reactor were moving at a higher
velocity in the axial direction, resulting in better mixing of
the solid particles.
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1 KTGF: Kinetic theory of granular flow



bbwljwf&b)‘ﬁ)hﬁb)ysl) )‘63L)J}L«0)‘J&J4))Lu9‘_;laol
Jolas 8,8 Jlas o b o™ woly lis [V ]
Seelodgyied Sl oy ppal g )91y a8 sl plerke 00

Sealiydgyhen St YU 4y ojil ol 51 &S Ly cudly taio 5551,

S 5SasS 63551, 5 Gimgss cnl > ol 232 201555 1 & sy
) riopan 5 Al e yiodke Y0r+ glii 5 siashs 0V 5 (sl
IMazl Sllee 5 05 odlitl Cusl yiodlo e o] )3 dals <l
5 55 5 dels clyd oled oS cunl S5 4 piY Cd S Oyan 4SS

ad obal Lol v b gillas (6355 55 sy (puiean

iouylel gla gl s -V Y -V

Kot 5 5dSwl (sdllie ;5 39390 (slrodly I edlatwl b

@ ase b ol odd aisy jlael ond 00y arwg (Seolidgyia Jae

MV &

025y Onomed g B )l sixio jgiST) (0 w3590 dels el aS]
2 3 g (2L slaodls & cusl Sl wile ol Sl
Pl Limgly ggse ol ple b g il «dly J8 (dlalio Lyl
yed 5 5ulSly Loy 415,5
43,5 plosl Jimggy (gdudin Lilod )y 350 s (Swdin ¢ Lol
5l gy 3Ldyge cleMbl ads bl [YV] (o)) Ked g 5Kl Lawgs
2 e 3 @SB (Sealadgyden Jdo dawgi jolate 4 jSde img}y
ol & 455 b s Jghas 031351 45 o 185 4 o3 o a3yl Y g

wioly ol 50 ol oads Gl [YY]

A5 Ol el vty a8 Mzl dls o jl &S

ol 8 (65 o
(Seeliadgyden Jdo (i sl (gl e3ltal )50 sl el I (S0

ool 8 1l oyl a8l e i 55 ok LS5 lacoles S
2olde b g odd (65 o3l w)f Cygo slagile dud ) oad 2l
Koz g 9alSly gallio )5 35290
S 15 oo 1) Ol 8 (5 ol sl 35 1B ol 2,50
w8)5 s > Sl ol Sl i I s puS Sy I (ol

o> S &S (St @b 4 lashe dsgoome) Sl g Il 90

sl sk Lislojl 5145 [MY]

plAS” o oz daldl jd g Al ()8 e g 45 sl /A ) iy
ool 3PS e oo i dpulee wid ol &S e Sle ol ]

A )l ol ol Olizs g dwlbro 0,37 Jolro ylad ‘_;5-19_;

ovg

"’ls‘ = Mkinetic + Ms,f

ol (o QIS5 40 joSumy (dmmlne sl (Sslite sy Jae
DA 58l Jio igsy ol 3 050 3539 Py oy (Slaol jLis o
slp DP]ohen 5 pguils g SBacl - 5 djgSany Gl
& Cans (e ol b e opl sl oad oolitul toly jlid (gduwl>es
1o, slox (g ol 5 wlie) B e yuls @3 (el o Jse plo
1#]

gl 9 ipe bl -V Y

ol iy b5l il and 485 plnil slaggilo and plos )
o 35 g dols (olald sy adgl Hlade (gl plplo cCanl ol g4 0
03y S35l yian I (o & 0 lall (glaisS 4 dal> co> S
[gS)y (Slboe JLid b ply gl JLid (/FF Ll (oo puST L) 2L
2858 Ce iy sl gile aud plos (gl oAb 43S I 5> i
and blpd olol Gy jlade) S (sl b Cam g byd (93959
8L dng byd g Jled 55y 0 e byd (ad pasie ile
b a9 3 53 g gy [y JLES S 485 LS )3 (295
o Ly (63939 33 s (B by Waojld )3 g dal> 5 s
58 o S Sl oAb 4B)S a5 > (SaBl dswgi o (295 0 9
A5 4B)S a3 ) (293 9 3909 led 59y ¢ e LIS

gl dnd Jslpe Y =Y
oien 9 ik SGP9SS 93 (xio sba)95S]) (sile ad polate 4
s 3 Mzl Slles Wb i) o Slasbee Yl ol 1l L
el Slule gdbje bygSly (g e Cle 4 xio
bl 3085 plosl oS (6y55S1, 5 a5 Mzl llas s
Caolio o)l & dog b e b aisu Hlael  (Seelndgyie Jie
(Seolig i by a pase el Jao s (5 51 Sl s Jobo

A (G e (e slyeST)
A Mzl glagilo 4 =V =Y =Y

Sl ygSTy g s 4 do i b Sl 5 Matwl lles pll



[Y9] (Sooludg i Juo (o jlis] 5l 03wl 590 Jlww yiss pisw Crlaseiio g i ¥ Jod>

Table 2. Geometry and specification of the fluidized bed reactor used for hydrodynamic model
validation [21]
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Fig. 1. The geometry of the reactors used for the hydrodynamic comparison of the reactor used in a) Basell tech-
nology b) Mitsui technology
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Table 3. Specification of simulated industrial reactors
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Fig. 2. TA section of the generated mesh for two simulated industrial reactors: (a) Basell technology (b) Mitsui
technology

g 53 b oalitl (g 5y sl ol anl cpl ) cplpls s odlitul Tegb gl 158l p 5 53 S0 Il 5l ey g aSs (o

33 el sl 0 00liol doluie MalS Aise o 45 ) cdSud (gl b ] At ) il ) uols gl ol o s Jshas oLl 05
2 ol g A dalate b Jobo 20> Ae Sl G 2lod 00 g5 aSd adate 3l Y USS illae inio )9S5 93 (sl 0D Mg aSd
bl @Woles (il winS dauly o5 s S glalas ials 390 oy ladsbe )l 529 B 56 Laid o g1y (VL end 5L,
Jib 3995 4581y el Jeols a8l 00> (03b5 Jlans 13U 2545 o0

gie S35 981y Sy g Jshe Sl (o g 2aid Ly Jols 1 OpenFOAM

o1



)3 bl Yol 4K cela Sl ol s L ¥ S5 b gillas
53 63k Ol dals @S ad ply Ve @ 5l e g ol VO @ sals
55 st s blasl 454 bty 2550 Sl 1l (o pu 50k
(o> S )lade (658 BB )] )3 g cuils s (oobj el als e o
el Ve 5l aSil sl Jolw 03] 1 b s ol 0l youo Sol>
gee 30 Olysd dad o bbbl coly )y Hlad ply & &4 dels il
Ol 3 Lol el o g Ly 55 s aw bluasl 9 0392 52U (53900
Oialjel Aeeens AWl b oo dlasy Sl Joku (gojlul yuss
b o (ol A Dgas) (o pSedta (]38l a8 casl 03,8 |y

4 10d § oS cslo oo o3Il nlS b 15 s18liie gyt 3
525 4 2ol S ez 8 o5 Sk > ey W6 s Sd
ol A8 o 1y S (S jboay laslono o 35 5 w0l
lye a8 ol glagilo and > Sl sauip Sy (il
Orlply D98 bl yid 9 o0 odlitl 6 5S,5 laygs) |l
pycwlie 10d ojlil 595 0 as s0d plowl (gl )y ololy
A8l oo Jlaidyge a5l 0jl]

o San ol jloslite] a5 S adlllas (cla g, 51 500 LS
doloxe e (2993 oy (sl el asls ol [YY] ol "aSed
dad o Hlis e ls cpl sl (@ gaae Hlade | gl dud jd 0l
s e dx Ol 290 Lol lals o aSLd (S Se S ST &S
01 dpusles e & el o odimd Lt 4asls ol oS e 1S o
2 Gl 038 Olgs 4 S5 0L 0 Slaolee GVl Sioliod lawgs
85 )58 il dnd (295 Jline s bawgio 00 5l £l )] > po
05 a8 a4 Oy e S aSule Uy S 00551 £l
Frod ¥ Jgie 3 e 0ad b gli)] plie b (1558 dsy o 0>
03,9 Cilisee (sloJgbo o315l (sl yws Jlsad g 3 0 o Jeolias 1 4
i VY] e 9 45 (Sl &0 25 olod bl ol 0
odnlin &S johailan .l (5155 Jada (e 53 g duobre Cawl oad 03l
oA Y 4Tl rmen o ¥ 0 ¥ s jlaSid (135 S 55 L g oo
s oS ol o oimy L & Canl wo 3 Vo VL s o] San
iz IS Y s & ¥ s | b (38 S8 by lanlons
Gl o3 ¥ 290 ) s 4 Y s 1 a4l (ol Ko a3l Lol o)l
s 031001 &y Lol el Sluwls (gllad ialS saimd L liscen oS

1 Grid Convergence Index
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Fig. 3. The time averaged volume fraction of solid particles (time 10 to 30 seconds) in the axial direction of the

reactor (a) in the center and (b) in the middle of the distance between the center and the wall of the reactor used

for mesh independency (Height: 2500 mm, diameter: 510 mm, diameter of solid particles: 1685 microns, density of
solid particles: 918 kg/m3, inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.185 x 10-5 Pa.s)
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Table 4. Grid convergence index based on the opened height of the bed in two radial sections of the bed
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Fig. 4. Comparison of the distribution of rising velocity of bubbles with variable diameter from simulation and

experimental data [21] and Davidson and Harrison correlation [22]: Reactor height: 800 mm, reactor width: 180

mm, initial bed height: 360 mm, solid particle diameter: 250 microns, solid particle density: 2500 kg/m3, mini-
mum flow rate: 5.24 cm/s, inlet gas: air
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Fig. 5. Comparison of the distribution of rising velocity of bubbles with variable diameter from simulation and experi-

mental data [21] and Davidson and Harrison correlation [22]: Reactor height: 800 mm, reactor width: 180 mm, initial

bed height: 360 mm, solid particle diameter: 250 microns, solid particle density: 2500 kg/m3, minimum flow rate: 5.24
cm/s, inlet gas: air
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Fig. 6. Comparison of the size distribution of bubbles at a height of (a) 90 and (b) 270 mm from the bottom of the bed

and a velocity of 5 times the minimum fluidization velocity between simulation and experimental data: reactor height:

800 mm, reactor width: 180 mm, initial bed height: 360 mm, diameter of solid particles: 250 microns, density of solid

particles: 2500 kg/m3, minimum fluidization velocity: 5.24 cm/s, inlet gas: air. Average relative error of Fig. A: 21%
and Fig. B: 45%
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Fig. 7. The average diameter of the bubbles at heights of 90, 180 and 270 mm from the bottom of the bed and the veloc-
ity (a) 3.4 and (b) 5 times the minimum fluidization velocity between simulation and experimental data [21]: Reactor
height: 800 mm Reactor width: 180 mm, initial bed height: 360 mm, diameter of solid particles: 250 microns, density

of solid particles: 2500 kg/m3, minimum fluidization velocity: 5.24 cm/s, inlet gas: air
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Fig. 8. Contour of volume fraction of solid particles obtained from the simulation of the industrial reactor used in
Basell technology at different times. Diameter of solid particles: 1685 microns, density of solid particles: 918 kg/m?,
inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.85 x 10 Pa.s, inlet gas molecular weight:40.68 gr/mol
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Fig. 9. Contour of volume fraction of solid particles obtained from the simulation of the industrial reactor used in

Mitsui technology at different times. Diameter of solid particles: 1685 microns, density of solid particles: 918 kg/m?,
inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.85 x 10 Pa.s, inlet gas molecular weight:40.68 gr/mol
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Fig. 10. Investigating the bubble passage ratio in Basell and Mitsui reactors
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Fig. 11. Comparison of the time average of the volume fraction of the gas phase (from 10 to 30 seconds) in the radial

direction and in two different reactors (Basell and Mitsui) and at different normal heights ((a) 0.24, (b) 0.48 , (c) 0.72,

(d): 0.96) in diameter of solid particles: 1685 microns, density of solid particles: 918 kg/m?, inlet gas velocity: 0.61 m/s,
inlet gas viscosity: 1.85 x 10~ Pa.s, inlet gas molecular weight:40.68 gr/mol
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Fig. 12. Comparison of the CoV value related to the time average of the volume fraction of the gas phase according

to the normal height of the reactor and in two different reactors (Basell and Mitsui). Diameter of solid particles: 1685

microns, density of solid particles: 918 kg/m3, inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.85 x 10-5 Pa.s, inlet gas
molecular weight:40.68 gr/mol
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Fig. 13. Comparison of the time average velocity of solid particles (from 10 to 30 seconds) in the axial direction in two

different reactors (Basell and Mitsui) and at different normal heights ((a) 0.24, (b) 0.48 (¢) 0.72, (d): 0.96): Diameter of

solid particles: 1685 microns, density of solid particles: 918 kg/m3, inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.85
x 10-5 Pa.s, inlet gas molecular weight:40.68 gr/mol
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