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Tablel: Empirical equations used in the hydrodynamic model
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19 Moving Reference Frame
! Rheological behavior
2 KTGF: Kinetic theory of granular flow
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Table 2: Geometry and specification of the fluidized bed reactor used for hydrodynamic model validation [21]
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Figure 1: The geometry of the reactors used for the hydrodynamic comparison of the reactor used in a) Basell
technology b) Mitsui technology
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Table 3: Specification of simulated industrial reactors
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Figure 2: A section of the generated mesh=for two simulated industrial reactors: (a) Basell technology (b) Mitsui
technology
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Figure 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-ofthe 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 Pa.s)
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Table 4: Grid convergence index based on theiopened height of the bed in two radial sections of the bed
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Figure 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,
minimum flow rate: 5.24 cm/s, inlet gas: air

-5 656 50 bz 5l et Lol i)l B ool s Selnng aae )0 (cage sl (S Lol o3laibgges o ool ol
OXy Vb e s (yizma S g0 S8 > e Job j0 (RSl (5990 5 Gendy il 50) delr S L el (900 55 45 aiis sl
S59,9 Lawgi M £a.050 (pl aiiS oo Wyl dalr 51 50 LIS CodeS 50 sage (A 5 0D o)z (F JSS ,0) DS oS ool
eilSo 51 S alr bl ol Cales 5 45 9 oo sl suls 5l Sl > ol Allss o Caul sus solyles Yol San 4

st Jsb 53 ol o3l Lo Slis wo 5 ol o3l a5s8 w0 bl 45 el ol Sl sl iy ;s B3ls | ol ol

g oo A i [vy] 2Rkl slaosls b cdlaws JBlom s pl 0 0 5 Y/F 5 0L ceglogs 1o

e gl 4 bgyye a5 (@l & S5 b gillas s so oLt cadlos JBlas 1y YIF sy o |y ool o3l aujes O S0

L slools bl 50 0 30 5009 o3 Jlws (2Bislej] sloools rizen 5 (g3le a5l z 5ciun slaosls el (5 yiadde

13



@ axgi b 99l o0 oanlive JS4 cpl jo ailosls (plaisl o934y 1) v9290 Glacla 5l poes it e (Sl ¥ Loy lad
Sl g ool Jate ;K0S 4 ool jeie 5 sl oald (655 ol ol 8 5 00l mje8 4 (oo L i) ) aS
Ol et Mol (yisns o Judd 40 WL Slelis,] o nSally i)ls d5mg SasS slals wiloolss LS 655,50 b

290 2555 ol goanlie lauil i 5l 28,

Ao o slis |y G @S 51 (6 ends YV o gl )| Jolas) sy adol glas )| pln < /YO gl )]y bl sojlasl ajei () O S
s el i ol oo slalBgs x8ly slaools w2 g (g3l Al 3l Jols s )0 w2 Leole o3l &y 595 94l o0 camlive
Gasba 5o lidhasg ) lasl el Hlad iy a8 51 8 YL L aas s 13 ‘SmLi‘;qLaﬂ s ) Jeud BB sosgume jo (g3l
sl VY Hhd Lslacls omen a0 plaisl ogs 4], ool slaws o iinn g0 (Slw VIO gV Hhd b slacls oS
Sl Sa5 5 SzsS Gl Grugm me oty 3,5 Sl JSL cnl I Glg g0 45T (6,505 (Goduy gl e 0 5 (5
(i a8 9l oo 555 de (o iRl @555 o9y Al 50 bl e 00l LSS S5 )5 slacle uSS iz w0 g 5 o

ilools JLSui |y 335,50 slbole aiugn o2 4 So o5 slaols |

0.25 1

3.4umf ® Expesimental [21] 0.45 34 f
] 04 -4 um ® Experimental [21]
0.2 4 —— Simulation (Present Work) 0.35
— ° ‘ — Simulation (Present Work)
S 0.15 ] g 03
e 2
ENE I () > 0 )
‘D @ 02
5 01 ] ) $ ° 3
a 10/ @4 /& Qu15
2 e ° N 2f 01
5 0.05 1 % 3
o ] £ 0.05
9 o
& ] “. s/ 0
0 T T ) 0 5 . 0
0 % ) 0 15 Bubble Diameter ](cm)
Bubble Diameter (%:m)

o Callow ey Plas gl VIF e pw g yoms G5 51 (g psodno TV (@) 9 A0 (W) gLl 50 oL 05103l @ 595 (g o :0 S
haler 153 ylad ¢ piodeo Y8+ 2 yiunn adgl 815 51 ¢yl YA+ 25935 (2 5 «yiondno Ave 1)g3ST £ 15 alaloT 5 (5le annid slaool
VG S s sl o Kileo gd 153959 31 < BITF CMI/S :adlow ey JBlas « YO++ KG/M? il )3 asondls <49 550 Y
KW L S L SV
Figure 5: 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 3.4 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 Figure A: 7% and Figure B: 38%
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Figure 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 velogity: 5.24 cm/s, inlet gas: air. Average
relative error of Figure A: 21% and Figure B: 45%
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Figure 7: The average diameter of the bubbles at heights of 90, 180 and 270 mm from the bottom of the bed and
the velocity (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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Figure 8: Contour of volume fraction of solid particles obtained from thessimulation of the industrial reactor
used in Basell technology at different times. 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° Pa.s, inlet gas molecular weight:40.68 gr/mol
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Figure 9: Contour of volume fraction of solid particles obtained from the simulation of the industrial reactor
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used in Mitsui technology at different times. Diameter of solid particles: 1685 microns, density of solid particles:
918 kg/m3, inlet gas velocity: 0.61 m/s, inlet gas viscosity: 1.85x:10° Pa.s, inlet gas molecular weight:40.68 gr/mol
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Figure 10: Investigating theibubble passage ratio in Basell and Mitsui reactors
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Figure 11: Comparison of the time average of the volume fraction of the gas phase. (from 10.t0"30.seconds) in the
radial direction and in two different reactors (Basell and Mitsui) and at different normal heights ((@) 0.24, (b)
0.48, (c) 0.72, (d): 0.96) in 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° Pa.s, inlet gas molecular weight:40.68 gr/mol
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Figure 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 intwo 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 Pa.s, inlet gas molecular weight:40.68 gr/mol
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Figure 13: Comparison of the time average velocity of solidparticles (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 (c) 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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Abstract

Gas-solid fluidized bed_reactors aresamong the common methods to produce linear low-density polyethylene.
The contact quality between two phases and the mixing of the solid particles in these reactors have significant
impacts on the polymerization reaction. In.this research, the hydrodynamic behavior 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 wasused. 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 thesquality 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 velume 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 is higher

than that in the Mitsui reactor.

KEYWORDS
Computational Fluid Dynamic, Ethylene Polymerization, Eulerian Modelling, Fluidized Bed
Reactor, OpenFOAM
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