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Alignment is corrected

Clodel 5 55 4D &)y 4

05,5 Glays s ol oy Seo Yo 5l S S Loges 03 8 nl D3 o311 (okigmnzr) C 0y 8 -
L god Jlow gl a0 a5 5 Kok ablt (glo)d 0953 (S lag s b 5 C
Slp3 S s bl 51 0L B asS 5L 1) (6 e B aisls bl 3 cpl oJl= ol b
e S S 05,5 53 4 055 o Ly D3 5les Sl andl i 05 8 pl 51 (sl gad 3
Ll a0 b s S g 4 56 i (el S (03I L gl ey S 3 s S
St 1 Sl s Do i 0l 03 05,8 0 a2 5,8 e ol il iy
S o plomil 13 sl & Jb

S b5 S S o3Il Kl b s el bogas 0 8 cpl (polsp LB) Aoy 5 -
03 Ated LI (650 Ll Lyls 392y (lon30be (slag o wmly3 Sley S cpl s A b
el axlse b (6 s b D5 0l 51 (6 s a0 82555 b S D050 B )50
sdaline |y oliole slidy Oods ew b bl lal (e oo ol 53l Oy 500 53 55
&\jgg}y\»uﬂrupéﬁgumuwﬂ‘o)ﬁ@\alpé\ﬂ.J;ﬁ.a\y'-
Wbl el 2y sl S OT S g o5 258 0 e 20

5 e S Ove=F o3I essdmn 53 65,5 opl O3 ST (elioba el 1) B oy S -
L Sl s30le sl a38 () 3550 55 Ain xSa g SAS TV ens IS
Bl o 5l Co e S8 Ll els Saptn oo 53 Ak JaiCS 0
L dslis 53 52) bogas 3l (ol dlw 1,8 0 K8 C e &0 il g5l dls
Rl 3 s 6l sl 550 glaasle 5l (goloms vl ls 52 5 oelis S (A 058
Ken o S

Ll 1 1y sl dlws Ul oS Wleds LSCas (g 5 3o Sld 3les S cpl sl Doy 8 -
S lwdl 3550 Ol g gla s 55 boges O3l B s A glaos § |y 4 &
S 3505 3 gy o3l Jlarsl izman 5 Lol 2305 4 ook hles O3 pl LS
s 3355 3l CS e 53 plaaS ol LSS el Db ol S el
PG G s SAadbe 05 S Gl Fis DL sk s gdee LOT ES - 5 el
Al o LSS 1 e 5 S e sdali s b


Alignment is corrected


Average particle diameter, d;, (mm)

mug'm 0.02 003 0.05 0.07 0.1 02 03 05 07 1 2 3
[ I T \l T T T T T 'I T T T T T T ‘\\'l T ]
\ . Original e Ar =223 000
. - | Original Geldart Geldart Ar =176 900 |
“- 5000 f \ AB boundary BD E
E | \Y\_Ar = 145 000
B 4000 | N€— Equation (2.21) boundary (ﬁ ~
— | Original Geldart
< 3000 I CA boundary WA ]
' {( W
< 2000 | W
@ c A B D
2 \ \\\
o (cohesive) (aeratable) AY (bubble readily) (predominanthy
.,E_ 1000 - \ turbulent) |
'g‘ 800 |- \ W]
s - \ W
S o0} \ W
400 | \ W
N (33!
BDD T T T T \I T T T I T T T T T T T T | T
10 20 30 4050 70 100 200 300 400500 700 1000 2000 3000

Average particle diameter, d,, (um)

5318 sl am s Yo gles 5 1em 5 olwdlos 5o eslinal 5550 D13 (6l Q)\.degJ;{v.:M.EJY—Y o

BsA o};Q‘)S&oSM.Doj; C)bs ‘53\...0‘_3\.3.4 ;m"—"

S 9 Sy o rl;,d\ P w0 0L JE 5 o5l (e w5 LD 05,5 &byl sledl
S Lo gos s Jsb o3 ol JED s g e 5 IS0 (o sl L (S 8 LS e
Lo 1 IS sl 1 i 5le 3 cpl 51 0 sl o Ll o3 S ol Slb w0 i 5 Sl o el
[\ '].C)\_}S J'<',’.J}
Sl e s S llizin ol b el 055 7580 55 (ilad b Slas (i ss (5led b
Ut&‘b“)&ﬁb‘cD °})§Q“)D'}~"’L"‘J’j‘;¢5"dlﬁ’“¢;’“‘“MS&‘)Jéudlﬁ"”uﬂ‘j}Jﬁ
Q‘wa.‘)w)dt,ﬁ&‘f‘rﬂf‘&i‘D°)J§Q‘)>L}'°L"’L§f“*’4"8lf.}ALSL“Qﬁﬁ_)\g;?b)d)Js
;MJWWJwﬂ;ﬁdg&bﬁ&AS«MJJEJJ&}J%J%@L.A\SMswCJ
S dsb 53 Joee Saidlw gl sbul CslB L s Aoy S O3 sy 055 o (3l

Dghp e 3 Doy S DY iin S Sl Sl e nl N s

\



Jbw sl s 55 (g5Ba OL o Y-

Jle (gl ) bl A3 glajlit b e 5 S5 o301 ghols bogas 03 oy il 2
5 s 5y g U oS 15 e bl glis ol s (o5 sl b 5 SYb Sl
Rl e Loy e Ll Sdus 5 sl e Zol s s Sl Lo XS5
Sy el sy 5 YL el 53 ol Juld )l (g3ba 0L o sladasiin (Ols &
Gl ol (laang 5 (b Al e 3 (3 Gl Jols (g3l Sl = Sy e
ol Gl sl 3 ol el

aasis glace o Y-Y-)

LS posarta Copw bt ol s giludlw o5 ¢ S35 SO gla iy 5o O3 G
Lo 5148 e i 53 (3lad b o a5 350 0 5k O 3l Wnp) 0l 3o oy Ol 5o
@bl Ge3lel o 58 e plonil 3ldlw o o 51 lo3l s dilodd 1SS el s
218 S U L il Sl i D3 alas 0T 53 & 2o e 5 Upp) 3Ll ST o
AR} INVPE R RPINt At WUrs) g3l
Aalm 053 53 Jold (gla ey 53 S5 (3lmdliw (553148 15 3525 (g3daze sla el
Gl dhw lace e Ol uis 5o ST J5b 4 Slais cpl 5 sz o 13 50 cou | Keals
(S dle ol D3 SIS A ol g A le b eyl ol ) (A sdalte LG

.M&M}MQ})JQ‘)S @J}SW}Q\)JW%ﬂm)L\J

UhuLa- @J"S Y-¥-Y

e G 3 0 ;@\QW\JZ&);A{QJJ&JQLAQTJ)?ZL}L&Lg\,,é_érl.}l{bwdugg}
Jlw L;LAJ;;.M{).M(UmbSO_iUgL:} Bl o v 5l Jbw o 158 r@gﬂw

J.;....‘;)‘ &“)J_C)‘)é LS‘)" Q)‘M&MWE)JD)BO‘}ﬁC)bJ J)jﬁ).) JJ).JLSA .)L?L:‘ LS)K

'Initial Fluidization Velocity
"Full Fluidization Velocity
"Minimum Bubbling Velocity

R



Aed Ol 3l I Pl ce 5 ol Bl Co o o3 sy O3 el
bl (38 0L 5 D3 Jolid O ol 5 IS 56 G s 4 el da ey )
Slisly 3 s L g o S5 3 Ciﬁswv'{ibf 05 3 s gl s ol ol Kleds
Sop ol lge (53 S e Aty 5 Kk e UG w5 LS e A e Jb
Soms 2Vl a4 O 5 L bl 58 e Jods 580 S Glacls 45 dpd e S
e Jsb sl s ol oS S e b YU a1 55 el es del L3 5 S 5 e
G 40 3 a0l s 55 5 Lol ol 53 5 o Jlwr iy 55 Lol O3 it > sl
Cros 4y dalor 13 oyl s SSo5 53 o st 4 5 ol Gl bl js 5 S o oS > YL

[VY]od Sl )3 u;),fT); el el Sl S > S o oS > b

S 33 Sy S V_MK» Y-f-v

(S o e 4 W i Ml iy 3 el D3 J b 08 eSS L a3
S el 3 5 LG jpam Ol D3 agls 513 leylps o LS j3 a8 ) 4l XY S
2 bols ¥ el s s s ol Cos 4 S8 5 Jb s clilediss s YL Cad
£ LOT ol en w5 L5 o 5l S Lol opl dlos o dels &b ttizen YU o 40 &S > =
)'\J.lajbjjﬁgpz-c&m)&j&“g‘syt{clz#QME—Q\)SS@KL&Q.M@&J}YQW
woobss glasly SO o o s 15 ol dlos s 45 (gl D3 IS 5 e 5 0l T s

VY



Lol 3l sule ol 38 0o ol 36 (Vi 55 Sosline 4l a3 3 oS > Soled ¥ oY 808

chWL;YL’)J C;U be UUJ.“’ 4.~>-L: (Yl cLAg_JL.?— ‘dLub 4.:.>-L, (Y cwl.:wﬂbv\.db- C)bb [N CASJ.>-

Y] e

F dsb s Db plemle g5lede Y-0

S o o (81 i S 5 S0 0 55 5 o 0l Silon 3 eslisd oSl s a5
4.:>-|.3J.3 QTWB:AQPUQL:JQW‘}Jﬁfg;o)“}sw)f))jﬂdif_}@.éﬂ‘.lb‘¢w‘wjbﬁ')bb

.bjsf&jf;w)ﬁJ)j.oQ‘)S&legle-ékj@béuuijjd\ﬂ¢j@bd\M\.>|).>..>}.iu.a

O armloes 5'Lile Olo a5 55 Y-0-)

Sl 0l Ske sl oo il ls amalone cdbw (sla s 0555 D3 Sialys (s 2 3

eyl o315 on OF oo e 5 0T (6 a5 Slo 4 i ol 3 o 1555 5 oV Sy St
[Vl osS oo Ol i 5550 s s a5 L 5 oY lis 3 L

j!l;,;u«\)sobbxl,aouj@ﬁlﬁﬁ@jjsSm;syu.b;wéwbs Jbs mis g2 p -

'Residence Time Distribution

‘Gaussian

\Y



The mathematical parameters were introduced after usage
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The mathematical parameters were introduced after usage
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Abstract

Fluidized beds have established themselves as crucial components within the chemical
industry, offering unparalleled advantages in terms of solid mixing and heat transfer
efficiency. In scenarios necessitating the fluidization of two dissimilar solids, particularly
those characterized by significant variations in physical properties, the behavior of larger
solid particles becomes a paramount concern. Such systems find widespread application in
processes associated with biomass and petrochemical industries. Despite their ubiquity and
significance, research pertaining to binary fluidization has received comparatively less
attention compared to the well-studied realm of mono-component fluidization.

This investigation centers on the comprehensive analysis of large solid particle behavior
within binary fluidized systems, with a particular focus on modeling this intricate
phenomenon. Owing to the inherent complexity of large solid particle dynamics, a singular
prevailing model remains elusive. To address this gap, statistical methodologies, notably
Markov chain models, have been employed to capture the intricacies of these systems.

The developed Markov chain models encompass several critical parameters governing
particle movement in distinct directions, computed using established equations and
algorithms tailored to particle velocity within bubbling fluidized beds. Additionally,
empirical techniques, leveraging data from Residence Time Distribution (RTD)
experiments, were employed to establish parameters governing phase transitions, a
previously unexplored facet of modeling.

This study introduces and evaluates three distinct versions of Markov chain models to
elucidate the movement patterns of large solid particles. The results obtained were
subjected to rigorous analysis, comparing them against the backdrop of the concepts of
restricted and unrestricted movement and their associated RTD profiles. This Comparison
was done using the statistical distance concept, as a measure of comparing two different
distributions.

The findings of this research reveal that while the lumped Markov chain model
effectively computes the mean RTDs for each case, it fails to capture the distribution
patterns. In contrast, the two-phase and three-phase Markov chain models exhibit enhanced
precision, enabling the calculation of both mean and distribution patterns for length and
time of RTDs for restricted and unrestricted areas.

Keywords: Gas-Solid Fluidization, Markov Chains, Bubbling Fluidized Beds, Residence Time
Distribution, Restricted and Unrestricted Movements
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