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TaE(ES YRS Eokol| TS Wol wow 7§ iAo A9 BHE
0.4 ~ 0.459 #t= 7FAAL St 537 dold W] dxpe) nefa)
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Particle Size, D, (mm)

Type of Particles 006 0.10 020 0.40

Void fraction, ¢, ,

Sharp sand (¢5 = 0.67) 0.60 0.58 053 049
Round sand (¢g = 0.86) 053 048 043 (042
Anthracite coal (g = 0.63) 0.61 0.60 0.56 0.52
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2.2 4535 249
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du , Pp—Pf Cpu?pAp
. -m -
dt Pp 2

(Cp ABAST , Ay A FF4)
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EAb}
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Tol Eeel
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=0 ol2=

2r - m
U = o (pp pf)
\J ApppCpp

Rep < 1.0 ®SlelA = Stokes®] R A [8]0] %] 8= n

o}N

= A~ 1T
DAGEE =

9Dp*(pp—py)

u =
t 184

1000 < R, < 200,000 HHfelA = Newton®] o] #-&Hrt

u = 175 /g—D”(p”'pf)
Pp

ojf T FUHEE olFste] HAaREIERe] MAE 7 ¢ Tk

ue _ 90y (pp—py) , (pp—prlg &3 2D, 2
Umf 18 1500 (1-g) 7S 7P
_ 833(1-¢)
B 1!’5253
> 1000 o‘l‘,
ur gDp(pp_pf) ll)stg(pp-pf)83 1/2_ 2.32
—L = 1.75 / = =5
Umnf o 1.75pf £3/2
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2.2.4 Reynolds Number

2 ATNAE AriEHSE o

dlol=E=78l Reyy oF YA o)==

DP9 7% Geldart 5 A Group A ©]
olE® o] % 1-3% %
olate] FowE dHA Utk

PR

31l Archimedes (4,) & °F 40
F2H Reyy s TF 4 A0H R, 10

¥ 2-3 Ar Y Geldart Group® %3 £=

r:i

73 Reynolds Number ®

Group A Group A Group A
(1<4,<80) (80<4,<30000) (4, >30000)
Reps 0.000084, 0.000954,.%9¢ 0.000954,.%5¢
Remax +Remf_Ri7:ax
L
Re, * Reps Reps
Re,,1,=0.064 (1—0.889)4r
A=151.5
Reps (Ae_g/l'85 +c)
A —0.4656
Reps A=22411 "
u C=1

C=367.64,"%5+1

o Summary of correlations for minimum fluidization, bubbling and slugging
cited Powder Technology 228 (2012) 264-271
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2.2.5 Bubble @ §%% 9]

Foe fA7E Ak 4B} SEE HoM TH L7}
i =

w}a} Fa

3} 5l H]7] 33} 94“5‘11

713e) o& BFstH =8 £ FFE

ofFf ¥ ¥V Tr%@r??}

71329 B4 S HoAEH

3% 2-4 HAafEst i ol o] smolo mhE Bubble 474 4

100 A~

Slugging

Bubble growth

"~ O

Incipient bubbling

IAeration

0.00 0.05 0.10 0.15 0.20
U-U_ (m/s)

T35 WA #etk o] Toomey?t Johnston[16]19] {53}
2 o2 HE FHHAOH E AFolx= Morigt Wen?]
7] W ’2}% 5o #3k ofe] #AA[9] W FBD =°]7F Im

= Werther®] 713 7718} &5 #3F 2[10] &
43k FBDE] Fol& HAESUTH

Bl 7 e Al &E = G 7] 7|2 T

o = 0.00376(Uy — Upy)*
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oA HafER £E YO FA £u/t F7HE H9 )%
271 A A HW §5F0 Fit ol A A Asle

1
Dpm = 0.609(1 + 0.272 * (Ug — Ups)3(1 + 0.0684H )21

o, Geldart 2F Acll A&, FBD2 Zol7} 1m o]/o]aL
135 < Upy <8cm/s , 100 <d, <350 m , 5<U, — Uns < 30cm/s
d ) Ago] Y ol dAY AT vl FBDol A3t Ao|tt,

weba], FBD o] HellA 9] 7|29 B A7)+

Dy = Dym — (Dym — Dpo)e™03H/P
o] W He 7] 7353 Ad =ol(Hy) 7t frestd A dddoe= 1
ol Hd 15 Hy, 7HA S71 AowE e =E Hir ol

1.5Hy/25 A &8t} (b, : #A £ plate?] A&)

Darton et al[13]°] W= Gas—Solid FBDo|A H
A

B o
E=718 sAHE Aol 9o o] w HE FFsEEe
» = 0.711g%/2p,"/?
4 Gas® material balance®l| W} HE9 &5 v 2t}

8 — (uO_umf)
[ub—umf(1+a)J

FEFI wolZ To7] A vhe 4% 8T F vk
hA-(1-8)-(1=gns) - pp = W (Bedt] 947+ F2)

w
A-(1-8)-(1-emp)Pp
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Tree ZHUOEFEH olgd Au HuZ|7A g FolE FEolEEo]
(Transport disengagement height, ©|8} TDH) 2} 3} FBD 2]4%= 9]
AAtel olgs HAs s fdlAeE FEs ol W TDHY 2

AAE FBD ¥ol&5 z¥slA+= gF Hr,

J¥ 2—-5 TDH related to entrainment of particles cited Wen and Chen(1982)

Gas
and solids

Freeboard

Entrainment———

TDHE] AL el thsh thefst 2ol glow =k A7) 4
Lxe wel TDH7F = A4 Ho]A = correlationo] @

qom  mEsk SiAAT|7F obd &gl bl s g
correlation’®= ATt & AFNA = DP A719 IS a# s

RAQl factorg 7QEsEe] Grace correlations 223kt

N
Rono o
W T off
Brore 2 kb

=

¥ 2-4 Common TDH correlation

Author Correlation

Based on bubble size

Horio et al(1980) TDH=4.47d,*
Grace(1968) TDH=18.2d,
Smolders and Baeyens (1997) 6 [(Uy — Upy)dpo]®®

@ Common TDH correlation as reported in the handbook of fluidization and
fluid-particle systems. Grace,J.R and D.Harrison “The Distribution of
Bubbles within a Gas Fluidized Bed” Inst.Chem.Eng.Swnp.SO,lO;’f) 1968)

L
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2.2.6 Baffle ¥ Compartment?] &3}

Baffle (8sf ) 2 42 9 HE9 F5545 MAA717] 91 Wi+
= 7

TEREEA HEY A7 A% AAE Zel
Zaly Ak g eSSk V)Alek aAle] RTDE FBD 2719 &4
glol £ & ok w3 7|A-uA7 4 2 BAAY E&S Foly
el A7lE E9e=ZA YA wAELETE A Ho lossE
A g g

FBDe] 4% WFel  (-D7Ae Baffles ATz  n7je

compartmentE A= FFolt). wEbA  Baffle®] AAo] o]
o8 AL Baffle] o] W 7+ Baffle Abol2] Fzto|t}. Baffle
Dead zone WA|Y backmixing® &I+ oy yF wWo] AxE
7A-$o)+= channeling 52 gas % ¢JA+2] shortcut FA|7} ¥Ao] =},
sk A4d3k Baffle AFo]9 72 ti7il+= WHE7]9 diameter 0|
Al dgst 7= e 5A 2 gas® 540 whet A Hojok
Itk o]of # AFelA= RTDE F317] 9% F@o=A AREHIL
i+ Baffle ¥ Compartmente] th3] FBDel| Z&st 7] 9 749
25 Folr izt st

° Az

A A& Bafflea7]o] el AL Fa dojxl AakakA 2 %o)t),

y
:

Ue  _ ["Dfpp‘pi]
V9ap dp pr
U, : 7554 fast fluidization®. 2 9] Ho] £

d, : YA diameter
kD;: performance diameter 3.67 * 1073 for free bad (280 * 280 mm)
n : number density of bubbles, 0.27

P, pjs Pyt WA EE, FirE UE, gas U=

Z} Baffle Atele] 3zt A7]e] w&E axdE dotstr] f& n7ie
compartment® W o] Qo m Fo]7} Ah @1 FBDE 7F43] B4

A AWgst &S Hat B T3 o] Ah
ol ohA] AP 5 QU

o
N
2
i
ok
>
1 o r
-UI

® Jin et al criterion for transition from bubbling to turbulent fluidization.
19864, pp 289-296 . e
24 A =T =
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Ah,, = b ,
140.15(Dpn—Dpm) /D¢

(Dpy :n—1 9 n¥A compartment 7 7oA €] bubble diameter)

A3t compartment?] & N € ] FBD7F Ad&5H N/ 9 tank®
o]Fo % CSTRzk 7]—@8]—?'1 AFA 7 HE] TS0 HA AL AL
& 9t

N1w9®
E()= (N a:?

E(el) =T E(tl)
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D

0; : ti/fRTD, Al Zl'oﬂ st Fx}d-
E®) : ARAZEEES

D : Bed®] Diameter
L : Bed®] Ao
U YgAe S5

Trrp - B AFAIZE

2.2.7 Drag Model

UAS] FEE A AN DAL
Arstel el S5t WG 5 A5
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Drag(Fe) & 947k FAUE
gt Yo FY PP
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9 RM Weber, The theory of short-circulating in continuous flow mixing
vessels in series and kinetics of chemical reactions in such system in
Transactions of America Institute of Chemical Engineering (1935)

v, kunii, O.Levenspie, Lateral Dispersion of Solid in Fluidized Bed Dryer
Journal of chemical engineering of Japan(1969), 2(1), S 122-12 . ]
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p 1 FHAME, Uy ¢ A e kel A
==

A, RS FdwEA ¢y 1 B

of el golEzst e ol Fod & gk
Urdyp
Rep = ”p
Adde] g FHAFT( Cq ) dAE dHolu=F Aol #AE
EEFYIA Fez vhed £ gon okde st ol )
dedoz BHT 4 Ytk @D oF el dF dolwzie
FYAFY FHIAE okl Ee 2t
a8 2-6  FANA F(sphere)d 3ol tst eI
Creeping flow Inertial flow
log Cp t Stokes' law Intermediate Newton’s law : Boundary
: : ¢ layer
seyparanon
-0.3 - 500 ~2x105  log Re,
¥ 2-5 FIHAS dFIIAA st dAA A Reynolds Number H$
Region Stokes Intermediate Newton’s Law
Re, <0.3 0.3<Re,<500 500<Re,<2.0E+5
C, 24/ ~24/ ~0.44
Re, Re,+0.44
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Re, 7k w9 w2 dAFe] ¢ Stokese] WA FoolA vluwd 7 <siA
FE Ao FHELS HAE ZEA| R Intermediate G oA+ A9
TUEEE WA YEtdZI7F o Ho Ak o® ]iAte] tiE
ELE AAEIAY Fold Hol digk Ao A E5 AN w o=
o] A= 717} ofH o}, A A2 FBD <Fol&+ multi phase %

& Aol Slol vFd Wy s

regimeo] EAF7] W] F
welsor Fth AAER A interaction, 53 FA 4
Tl AFeks Qe whae] o aelrie] ofus Qo] B
FEA WME YAE 9] R D FEe] % JF 5L 2RHO

B ERES

bk

A F5S WX 4 & Drag Modeld theFsicth. 13l DP
Axpe] EAo] "= o7 EMMS Drag Models 1dstgon 1
ol i Edo] Solid ¥AF ¥ Gas rAleke] o8t AAE T
Rom HRel TR fEol EFE regimeolA ] Geldart A 1F9]
s 72 A o2 oFa Q7] wEoltt

EMMS (energy minimization multi—scale) Model®] 7] g+
FA(AIr) EFel F2 AgHo] 2 Eulerian W2, JzHDP) sFo
T2 Agrlo] & Lagrangian WS A3t Eulerian—Lagrangian
W2g A4t T3 DPE clustering H8& ATl o Aire
olggt clusters EHel/|Htb= Aol v S ¥ Aprb e
How $3lst= AP0l QoA DP I Air EF AUAE AA AH|
st Wdo® 3TF°] interactionds uwEl A FE|A FA S

olgst = 93] A phase(a)i= WE7} dense 3+ phase(b) 9}

dilute 3t phase(c), &+ phase? interface?] phase(c)® Y= 4 Ut}

EMMS E4-& o]23t 3 phase©l| st correlations HIE O = {4 4
U] AFS o5 ke ®a ol

¥ 2-7 A<l flows FASHs 374 phase® 283 23 [18]




2.3 AFA|7HE X (Residence Time Distribution)
2.3.1 AFATEE 573 43

FBD:= dgadozsd asmd 9 Ao Bids slsiM= FBD
Wi F1ks Hojst &8sk Zlo] dQesid. FBD uiH-olAe]l DP9
Airel FE5 T ERbe] ofyEt WRee]l Y HHE FF
#ejo]7] wFe] FBD o] &3 A% EAS oojof dith o=
el DP ¥ Aire] &% Ass 7PE Z RolFe= AZEAN AFAILE
T2 Oz 4 s ol ¢ vk 72 dYe F4 A (Tracer)
E "RVl st 54 AFAA L wiEsEE At we 54
sk Zlolw FAXE FYsks WAl wel Pulse 9 Step W20
ATE A= FARE 54 AR SASs 3 Wl Fiiske
2= ASEA WSV e R = Blolth
2 ATeM e AR s =i FARe] T 9

Ne W AH G M) lojq F e Aol= AA §ld
Az 25 FARE t=o00lA FBDE el FY& & E=7olA

v AA & FoAM FAAY] sLEE AZHe wEl S5k C(t)

Teo 2R FBDWE dead zone¥} channeling 732 A%
st Hl AREETh ofdl IR AH AFAIEETE o] HH,
Channeling 77H&5) % AA F7F(dead zone) W&ol ZFo|-+
Plae v JRChe

o Y m

¥ 2-8  Pulse WA FHA £ W4 8l CHA
Feed ? ( T () @ Effluent
Injection Detection
Pulse injection Pulse response

The C curve
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2.3.2 AFAEXE Curve

Akl wg FH2e] s Hlg o R AFAIRREE TeEQ E-
Curve 3 F—CurveE ZA3st] A AFAIEEES S o+ vt

2.3.2.1 E—-Curve

FBDgtel DP7F A4# 0% Feeding ¥ 90 = DPgt AA
RSt 2 FAAE FBD Qe AN S T -
S57F vel DPeE g7 &8 w Sl (Aol =47 s s
C#har pwl FBD whollr o] F=4Ape] tA]Zkel o] W3} o

A 2lew xdd & Utk
AN = C(t) - v- At

FAAE AA FHOE

AN C®)-v
= At
Ny N,
B ==Y aba grbd,
0
AN _ Eoat
W = E®

E({)E RTDO &2t st
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No = [ vC(t)dt

e} A
)
B = I, c@®adt
Wb, B ot Q1= A9 o Fol 7% WA}
R oloba B & v,
¥ 2-9 E-Curve &+

L= RTD 34

E()

JOOOE(t)dt =1
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2.3.2.2 F-Curve

AIRHES

-

3, Wl obd wAUsbA] Heka Bedol wob Qe FAAS ¢

FBD2 &2 vy 22219 oFe olg e} 7t}

JtE(t)dt =F(t)
0

flo

JmE(t)dt =1-F(t)

JHEZ EW)9 FAE4-E F(t)olw Cumulative distribution curve

gy e

F(t)

J¥ 2-10 F-Curve
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2.3.2.3 BAAFAZ
2=
2ko] Wsleg 318 3)o]

AR FAA7E 9 A el w5
AZEe] s Fel wet kA ol Wy E5 74
Hatoll algets FAA7E v A Qbell wF-Z= Algtolet & & it
Perfect Plug Flowo|AlE BE oat= 28 A FA NS zte=th 14S
A AFAIZE ol 2 & glon o5y o] xdT F Qlt
A A ZHE e EA A PAW) _ ) FOUE A IBW)
i R RN (7 % 7T PrPEEY.
AA AFAIS v 2

_ _foootE(t)dt_ 0
fp = O JO tE(t)dt

a¥ 2-11  ARbel W& tE() o

tE(t)

Area =tg
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CSTR (Continuous Stirred Tank Reactor) 3} 72 o]4}2] <l WHg-7] =

AAFe] A FAIRe] Fdsirk. AR AA FH oAM= mixing
= & YA X E Hulst gdstA AT EA A FAIIE
= FHasteto] FAARANE Sty v Ax719 FF Air
gl 5ol Baffle ¥ Compartments’} mixing® <&
m o olge HA xHd&s e Ao Hast A
Continuous process®|™ Ax7] UFE AL F
HiZ ¥ = Flowo|th. otz -l Ad A& -9
¥ Hot Airg FHste] dx7]8 WF AHE Az dH=z Rt
%o feedings startdle] X Fol7kA] A FH FTE opendt]
AL£A 0w sk sFo|th

30 Jo Mz H o
[0 2 Lk o rn

J¥ 3—-1 FBDY Start Flow 58

2
B
n}

3.1.2 FBD 7]¥ Spec ¥ &
FBD| 7124Q1 Spec ¥ dA &4 =1L tadt 2ok

% 3-1 FBDY 7|12 Ak @ &4 =4

= 2 Spec ¥ +dx vl a1
Baffle 0] cm 210 st = gap 10cm
Air T Nm3/min 800
Air ¢4 KPA 8.0
FBD 4% AP KPA 500 DP &3 AP
DPHf5% 0l cm 100 frest A4 %ol
TH = m/s 0.3

33 Y



3.1.3 FBD ¥4 &3

ol HE Graded €4 7]¥°9=% FBD: start ©]% ¢F 202719
T 71 VA dEHo s Tl EY. FBDO 12 %7] start
7 %7]°] feeding AHjol uwz} F%5=

°] wet powder’t 12 A, dAE e S U scale ¥
&

z7o] w9 Fask 5o HA
o] bl F 7] wiEelth. & x7]e FBD uF7F F&3] Adx
A7 HA k= AFSkol A feeding®] AFEAY Tt we FH
(g A
o
[e)

% <l FBD w#e AP 7k F7kale] 453 449 HpaE 2
o
=

%_

I o o]k JAF 7ol A2 block £°] dead zone ¥4 I
=

T A

=

=~
N

17 RS Adets 242 2E3)

ol fFE3ol Aoz Ao Ha A4 53 Fol7HA AP
o|Fe= ET £E MEste] AFS wiEs] Al&stH w@AFHoR
wet powder? feeding¥<= Tulste]l S woiitth olw 2T
o] FolE AAA fFAE Fo| Fastd APVF SHE
o] Fol7b Aedhs vt ol aird FEHEE7E YA

o
=
©E zyete] TDHE Wolurl Howm At AR
- o

E_é‘l: °
HiE ¥ = o] B F71eke] losse 7 st
At FEsol HFHH FAELS ofdlY IdelA el o] Baffle?

ol2 dol7}AY Baffle o}l#je B2 AU 2 M4 BaffleZ &0zl
compartmentsE YT olAREE dzE EFsc) H O3] mixingS
A3AE Zb compartmentoll Al Aata frEol ddskAl B H o

Baffle %2 Hol7his w&o] ma5 Hu el AFT + U=
ZE& oJusty wiel Baffle®] £olel f&35 Ake]l HH9 o] I

A48 compartments M9 A71E AAsH= Aol w9 Fs)
J¥ 3—-2 FBDY 7z Compartment ZF #A49] o]%

Solid feed

“Distributor

1 71 i T 7T = T e
Product e S At
outlet Gas inlet

34 . H kl 1_'_” [



3.1.4 AIEHCA 220

FBD Wi4-9] Fluidizationel] ™hst 4=k 2 FA8 AFS o5317]
$18l # A= Computational Particle—Fluid DynamicsE ©]&38}%It}.
CPFD+ MP-PIC (multiphase particle in cell) EE-S 7|HFo 2 3}¢]
Mg Z1A-3A FEsel SstE TR E=Folr 2 oAM=
A 48 X132l Barracudas ©]&38F3th. MP-PIC R4l
714 &l el = Eulerian®2, YA 359 s+ Lagrangian

=
WAl AEste] F 559 S AA]7]+= Eulerian—Lagrangian
Wals Aeekar Itk E3F computational particleo]#he NES
Agsle]  JAREES S (particle  distribution function) & ©]-&38}9]
AR FAdS FAFOEA A4 AlZEo] wE FA o] QT

2 0.029 0.021
Emp = 0.586y707 (Lo5) (2]

pgndp Pp

0.029

=0.586+ (0.73)7072 x ( - (2202)" ~0 56

0.000182 )
0.001%489%0.023

Heow fEZol AN J% ALES Sr2 Topd
_ (pp—pflg &3 25 2
Uns = 150u (1—5)7’0

_ (0.5-0.001)*980 . 0.563

* 0.73% % 0.02%
150%0.00018 (1-0.56)

=1.5 cm/s

2 g o
35 -':lw-._i —7- ] II (&) I



PAe FREEE FFORA Air FF WHE ThEE B 5 9o
o2l TDHE 3o FBD %9 W&o Az &olg Ar&atginh

_ 9Dp*(pp=py) _980+0.02%(0.5-0.001) _
184 18+0.00018

=60.4 cm/s
(A7 g2 B A adE

uebA] FBD Wi4-9] d#ke] S We=
1.5 < uy < 60.4
o] Fast Aire] FHOoE FAF Al
0.6 kg/s < Qo < 26 kg/s

ubeba] AY FAA #HAY Air % 7] Capabilitys 118 3to] Aird
T2 (q) = 5 kg/s 2 setting A

Air 7% 5,000

U = Bed A HxAir Y = - 420%1020%0.001 =12 cm/s
GEoR F5F el WBY 27 9 £52 TFORM FEFY
o5 oA & Qo Hx HES A7)+

Dy, = 0.00376(Uy — Umf)2=0.00376*(12—1.5) =0.04 cm

Z7oA AL feeding ¥ FBDO] &% &= o] (h)E 150 cm®

Al 3]
AR A BE 55 ol 50% S7hETh webA CiE s
# o

L= ol 295cm ©|t} o] ul A= WEe Ho I =

1
Dpm = 0.609(1 + 0.272 * (Uy — Upyr)3(1 + 0.0684h) 121

1
=0.609(1 + 0.272 * (12 — 1.5)3(1 + 0.0684 * 225)*21
=28cm

HE° 37|77} FBDY Zo](1020cm) Xt} #7] wjiof slugging %

31 O T
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AGo] MAT A Atk

3%
o
=

T =oll 188cm HF-ZA el WES AV|E Hol#a
FBD o] HellA e HES Hit A7 &

Dy = Dy~ (Dym — Dpo)e™O3H/De

=28—(28 — 0.04)¢~0-3+188/370

= 4cm
HES 7|25 H HESY £55 5t
U, = 0.711gY/2D,"?
=0.711%980%/2 % 41/2

=45 cm/s

4 Gas®] material balance®l w2} HE9 F&2 tha3 £t

_ (womump)  _ (12-15) _
5 = lup—tms(+@)]  145-1.51+04)] 0.24

web FEF Eolt

w w

A(1-8)-(1=&mf)Pp "~ 420%1020-(1-0.24)-(1-0.56):0.5

= 197 cm

obAl 7Hg et Al o] 225cmB Tk o 9] AR A Astt.
wEbA Baffle $12 ##7F olwst7] fldlAlE Baffle ®ole= Hai
197cm olstojob &trh. ey AA| AX¥E Baffle o]+ 210cm

o]|m 2 Baffle I+ #A9 o] 2Ho] &3}

TDH = 18.2d,
= 18.2%4 = 73cm

w2k FBD A9 gas =7 A+ #HA H+TDH=270cm ©]7do]

<l .
37 o 2t} @



Hof st AA AA 71F 330cm o|BZ 9] e FEsirt 9%}
g2 WY oR AFAT Ase A% 20 FEdt S 2 el
a7g Ztzt Aaste] B2 Aystdnt. ke 27 2 FBD £33
(FBD W] =+ F57D el wet #5352 xol7F 24dHs &
e ofo gHA Aire] e AAsor g2 & 5 Slth

o

Aty ik 7ES f559 Fol (1) 7} Baffle?] %90](210cm) K.t}
sobof 7 Hom 9 &gt o]Fo] hestv H+TDH= FBD| %]
(330cm) Xt} E&94= powder?d loss7F &9l & AU
== AAAQ o]fFE FBDE #ol7] ofd& AF 479 749
4 A AAFORN F79 FolE BAY 5 9tk o]F T
uf JRpe] A7) e AFe Sl wet @ AH] Specs 1LE 8o
Airdl % 2 F0FM) Y WS 29k Ao Fest,
% 3-2 F4HF 753 2o O A3 e

SRS 53kl A} 23
d, | b | 9 & | U | w | wo | Dy | Dy | U, | & | H |TDH|HT [ AT
(cm) (cm) (ﬁ) (em/s) | (cm/s) | (cm/s) | (cm) (ecm) | (cm/s) (cm) (em) | TDH =

200 | 150 5 |0.56| 1.5 |60.4| 12 |0.04| 4 45 10.24 | 197 | 73 | 270 | X

200 | 100 | 10 |0.56| 1.5 |60.4| 24 | 19 | 3.8 | 43 |0.55]| 222 | 69 | 291 | O

200 | 150 | 10 |0.56| 1.5 [60.4| 24 | 1.9 | 6.5 | 57 |0.41| 254 | 118 | 372 | O

200 | 100} 5 |0.56| 1.5 |60.4| 12 |0.04| 1.8 | 30 [0.38| 161 | 33 | 194 | X

100 | 150 | 5 0.6 | 0.5 [15.1| 12 | 0.5 | 4.5 | 47 [0.25| 200 | 82 | 282 | X

100 | 100 | 10 | 0.6 | 0.5 |15.1| 24 | 2.1 | 4.0 | 45 |0.53| 213 | 73 | 286 | O

100 | 150 | 10 | 0.6 | 0.5 |15.1| 24 | 2.1 | 6.8 | 58 |0.41| 254 | 124 | 378 | O

100 | 100 | 5 0.6 | 0.5 [156.1| 12 | 0.5 | 2.2 | 33 |0.36| 1566 | 40 | 206 | X




3.1.5.2 A EHo|A 71¥ 373 A4 % FBD modeling

AlEEole] 7E o ® Qe olF WS AA S Drag BY
7 DPe}F Aire] 71224¢ =214 54 283 Algdolde] Thes Ak
interval= A3 7FsA1ZF 400s+= AA FBDO H AlFA 7H:
AEY o)A A7)l @A oF 1/25 scale® F 3 Zlo]th

¥ 3—3 Drag Model name and parameters in simulation

Model and Parameters Value
Drag model EMMS Yang 2004
Normal to wall momentum retention 0.85
Diffuse bounce 5
Maximum momentum redirection collision W 40%
Particle Normal Stress Parameter P;=1,B=3, Eps=10"8
Close pack volume fraction 0.55
Sphericity (¢) 0.73
Bulk density 0.5 g/cm?®
Temperature of particle 323K
Pressure 101325Pa
Fluidizing gas Air
Temperature of gas 373K
Density of gas 0.001 g/cm?
Viscosity of gas 0.00018 g s/cm?
Averaging method for fluid mixture Mass average
Simulation time (interval & length) 0.03s & 400s

P AEe] BAUE RO §ATF FEF olFo] wAZ B WA} Hulw
o]



obg] 1¥2> FBD 4 Wl Baffle?} Compartments”’} -8 R 2ot}

J¥ 3—3 View transparent model in FBD

Baffle®] 7]& %+ Az} plateo]™ 9] X+ perforated plate®] A
10cm 9l Atk Airg &40 % At A[AF= perforated plate”}t
3cmé] HAC® of 2¥/fF Al E] lom AL Ak E9 WE
O % 30%o|th. B A= A Vb ST E FolAH
o] L2 8 g AlZke] FUE e @Alo] Qlu o] & e sto
167000708 AAE skl o AXE A kol 2 djollA
A @t= HolEE AlEdolAd oee 7heA S wh

I 3-4  AA(Grid) A= HAd A

Narmalized by min(min Ax, min Ay, min Az)

10“ I T ‘ T -
- éx -
Ay
Nog L T Az _
2 Grid Warning
c S Grid Bad E
o
>,
< g .
B 1 0n
el
L]
Nog b -
O
E
= L .
=
B Y ]
O" 1 | 1 ‘ 1 ]
0 50 100 150

i, J, k—coardinates

40 S



AF S S437) 08 PHOR Pulse 4] FH7 (tracer) &
E 2 stk 244 DPSl BAW YL

2 B4 e BPH Hug A Fol,

SRR AT SRR ARE % ventsl o Lol Ak F72

25 WlE5 = flowo|t}.

I 3-5 Tracer?] FBDY Flow W&k 4l Al7ke| w2 Tracer® FU%F

Cells Vec

feed rate(kg/s)

time(s)

A% feeding(75kg/s) H il Q& AFS FYUF %=7] 5s&<F 250kg
o] FAAE F]stslon ZFFoA Algte]| uwel FAzLO] ASFESE
Datags &H 3}t

41 1 ,«»ﬁ b5 t_‘_” '15:1-



3.1.5.4 FBDY] A =4

FBDO AA A7|¢} L3t Scale® REHS
o 2

ol
3%
o
=)
P
~
EN
My
rlo

-1+ =7 A% (DP) feeding 75kg/s ,
Tracer feeding — Pulse 5%, 250kg for 5s

d
o

-&7

BN

A ET9 oFoll Bt 7R o] A H dA
l-_:o] o

1o

o 6 s
o= AT

3L T [¢) )=
Input Output at tail Output at top
f \ 1 1

ZmDi+ZmTi:ZmDo+zmTo +ZmDo +ZmTo
wepd ET9 FA4 AFE e gol 7B & Yrk

Output at tail Input Output at top

[ | 1 1
YLD R WHED MURT) JETD e

a¥ 3-6 FBD2] boundary condition

Exit upper

Exit under




3.1.5.5 AlE#H 1A AF

Baffle #°] %W Compartment 7H<Fol W& AFAIZF U A FA7H
wxo Wes BNy 98l oen 2o zhom ABdelHs
Asiahole,

X 3—4 Baffle ¥°] ¥ Compartments 7H5=o] W& 2g A E
AW value
Air THEE 0.3 m/s
Air % 10 ke/s
AF TG &5 ) 75 ke/s
o Baffle 9] Compartment A7l FAF & .
(mm) N (d,, cm) (h, cm)
1 1800 4 0.02 150
2 2100 4 0.02 150
3 2300 4 0.02 150
A
4 2100 3 0.02 150 e e
5 2100 2 0.02 150
Fdst A A7) W FXF Fol EelA Air FAlS AEE
AdAYstA FHEFeEN HATE HAS ST
A3 1~3W2 Baffle =015 372 o] RTD Aeols 24l

Agtolm A 2, 4~5M Compartment 7ol & RTDE o=

Asat7] fAgolty. 7oA F44E] s C) & H=3 2

= ellM & =2 A o (kg/s)
ZrellM e =2 A8 AE 2 F (kg/s)

Ct) =

W AE MET 99 AR TopolMd FAA MEFS 2Feln AR
AFAZE AANA A LA o FBD vhete]

A EH aFoly AFL B WEAY AT ARA] YR
[

dojx7] el ALdsiRnt. o5 st AAHJ] AlEEelA
7HEAIZEE 400% o ® AFHeF3 T



Z FBD %974 & A (Tracer)E 5% 250kgS

P AIZE HA o7 djETelA e F42 v CHE

Astitk. F4A= HAx FY OF 40x7F A o]F EF0lA
o

AWEA © 7 Baffle? *o|7} @3 CompartmentF7F 4

E3-5 FAA9 Azt BE FEEE(39.%)

Az t (s)
A3 |Tracer| 40 50 60 70 80 90 100 110 120 130 140
=4 | 8 | 150 160 170 180 190 200 210 220 230 240 250
ARE 260 270 280 290 300 310 320 340 360 380 400
0 0.01 0.1 0.11 0.25 0.41 052 0.71 092 1.03 1.24
No-1 41.2s | 1.44 159 1.53 1.61 1.68 1.52 1.5 142 1.38 1.37 1.34
cw 1.1 098 0.87 0.82 0.64 0.62 0.6 0.5 0.44 0.41 0.34
0 0 0.01 0.03 0.1 0.25 0.41 0.66 0.79 0.88 1.23
No.2 41.2s | 1.41 1.38 1.54 1.63 1.62 1.69 1.72 1.68 1.62 1.45 1.1
cw 1.02 0.95 0.78 0.65 0.60 0.61 0.5 0.44 0.42 0.38 0.35
0 0 0 0.04 0.09 0.2 0.3 0.45 0.63 0.77 1.03
No-3 42.6s | 1.14 1.17 1.27 1.44 151 146 1.62 1.74 1.79 1.78 1.68
cw 1.65 1.56 1.26 1.13 0.98 0.85 0.65 0.4 0.38 0.29 0.25
0 0 0.01 0.04 0.1 0.31 0.51 0.66 0.91 0.98 1.1
No-4 47.3s| 1.3 1.41 1.41 1.54 1.59 1.52 1.50 1.46 1.42 1.36 1.22
cw 1.11 1.0 0.87 0.87 0.77 0.73 0.71 0.5 0.37 0.29 0.27
0 0 0.02 0.08 0.13 0.27 0.52 0.88 1.33 1.35 1.36
No-5 40.9s | 1.42 1.59 1.62 1.57 1.62 1.7 1.54 1.47 1.32 1.2 1.1
cw 1.05 1.02 1.0 0.99 0.66 0.62 0.6 057 0.43 0.38 0.31

= A& o)A Data A+& %A

- Al 3528
- 54 3t4 :10s
- AEVE 7 2 Ak

44 ":I'H-_E _'\.:.._.I.:E



3.2.2 AFA £

Baffle®] o] 2 Compartments 7|50 W& z}zte] 7|8 nd e

o3t 2t

2% 3-7 Bafflexx©] Y CompartmentZ/i ol W& Ax7] 23

Baffle height Baffle height
1800 2100

Baffle height
2300

N

(Ll

Compartment 4ea Compartment 3ea
; - //‘ ‘ ; .
| o | —
Ll 4 7 7B y
i’Ill B 8 Tl T TR, o WYY f AL L ALy AL
Ir-o' { AL AL F A A A AL ! B Y (A AL AL A
h_t';'!vv (AL ALY AL AL} o;'-ca (AL AL A AL A
rev L L AN L. K8 4.4 y w L A & 8 & & y
Compartment 2ea
r/ -
| —
(A A A AR (AL A /i
¢ Ky (AL AL A AL AL AL
ALY ¢ Forpa vy, | A0 [ A Ay /
W LA S AN & & & & 4 Yy
- o
45 i L .-"t11 b= = Eﬂ
=l —



3.2.2.1 Baffle o] W& AFAIz+ H3}

Toldel FAAE e Cel g 2dZs o5t 2k

1% 3-8 AZE@ el e F42F s C(1)
C
® ----Baffle 1800 Baffle2100 ——Baffle2300
0.02
0.01
0

0 50 100 150 200 250 300 350 400
t (s)

Z7)o|= Bafflelzol7} B&4= 2Ax7 WA UEdon Aurzel
5 7]&7)= Baffle? Iol9} Ar#glo]l FAFSE FEE HT
a8 A3 e wdl AFS Baffled Eol7b w852 ez
= XA AoA UEIH oY ol & AFA7ro] dojXthE LS o=
BE o5 % vk
B AFAE BALE S8 AFALGS RIDFFZIE AEshgic
C(t
RTD = E(O) = o 1
Jy c@®at
[Cc®de = FETAYR At 49
©¥ [ c(e)de = 3.04
@ [7c@®)dt = 2.89
Ol fooo c(t)dt = 3.06 olm 7

46 ] J’ﬂ “i 1_'_” l'jll_ T



BOE tol vk mAstald ook 2o

% 3-9 AZE@ el wE wiE oA F42e] RTD Curve

E®)
0.008

----Baffle1800 Baffle2100  ——Baffle2300

0.004

EME &3l 200% A|HelA Baffle®] =x°]7} 2100 % 2300¢!
Aol AZuet S50 WAl ulgo] Ballel800e] sl ¥ B
W ET HelNe e FHAY FEsk YUHOR Wol ol 9t
Zelr} ol 2 Baffled] %ol7h £&5% AFAIC] AojA A4}
4

1
S WA G A oug,

47 A 2T} 8

]

1

n’



I
Exl
e
_O|Lr
1)

= o ARz ey 9 E()E FHT,=

f E(t)dt = F(t)
0

J¥ 3-10 F-Curve

Baffle2100 —Baffle2300

-==-Baffle1800

320 360 400
0 50 100 150 200 250 300 350 400

t (s)

18] F-CurveZH¥ AA ¥z &9 20%7F He AAS
Baffle1800, Baffle2100, Baffle 2300°] Z}7} 148%, 154%, 1656%=
Baffle?] o7} w@&a%s FAAE e dHigde s 49T F
AUTE olE 3 Baffle® Fo|7F H&5F x7]o] WiEH+= short
pass® Hl&2 Yolls o & Qv B3 A wE s522 80% %
e ARl e FAA diE AR Baffled] =olgh Adaglol
280% Al@oA UElRTE ol Baffle?] #ol7F A dI9 v &S

zole Jlele & 4Tl flas EHEHh

18 S B8 i)



29, 3Wol 9 FAHA T BF 0 d4S BHolo
pass¢} #E %3 EF 9 AA d9S s F

=
=3
g R4 EHE A84e FHF 1Y) FUE Bk

e [of

a8 peak®] AR Ato]7t Al oH Baffled] Fol7b 7HE &
Z71 3%¥©] short pass? Aol 7Hd =A vEdG A = o 7 21
"2 Aoldt RTDE zta th. RTDE FBD oA doju= &%
= Aye F= AERZA Baffled Fol7l F71d4E A9
Mixing®o] #43lH o] FBDS Volumes ©$ ayzozw dgst
QA sl 2 AR AFAIZR] FlE A short pass®] H|[EO]
Zolett

o]/¢A ]l Wk AlE ol el e F A FAIE

FBD g

2 % h X Pp X Emf
A2 feeding <=

— w
t=—=
m

_402%1020cm?x150cmx0.5g/cm3x0.56
75,0009 /s

SAT AAR RE A AT SRS 2E AL ohEz
A AFAGE FAR BEd ARALY Fo Tz e 5
gow vhgn gk

tr =J tE(t)dt
0

49 &
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ohge] AFAIZFY HAZTL The3} gk

oo

2= | (t-=tgp)?E@®)dt = JmtzE(t)dt — &’
0

(=}

¥ 3-6 Baffle &0l & FHFAFAF U RTD

% Number Baffle %°](h)  H A FAIZH(s) Ak (0?) XFH2k (o)
® 1800 mm 219% 5950 1%
@ 2100 mm 221% 5398 73%
® 2300 mm 230% 4689 68%

AgAor Baifled] ¥ol7b ¥&FH AFARCl Frhsta

o= RTD]
Zo] Zol59ee % W Short passd W&ol FolSw EAY
AEAQ AFAE BA = FolFomK FUYel F o AuE
&S FAT 5 vt

e CURL, R. L., and M. L. McMILLIN, “Accuracies in residence time

measurements,”’ AIChE J.,12, 819-822 (1966).

50



3.2.2.2 Compartment 7ol W& AFA)17+ HI}

Toldel FAAE e Cel g 2dZs o5t 2k

¥ 3-11 Aol e FH2 s C1)

C()
0.02

----Comp. 2ea Comp. 3ea —Comp. 4ea

0.01

0 50 100 150 200 250 300 350 400
t (s)

=

M
Y
o rlr

compartments N7} WSS FAXIE WA UERE O
L 7€V frAeE dEIE B a8a Hi sRe
< compartments 7ol mep & xfolE Ho|X = O

Azl o] o] Baffle 5012 Apole] Hls| 25 2o

T N

S

£ O = 2 P
Ju o

ox e

o
i,
o

o
J (
2!
__)&I
I
>
)
=
l
1o
2
2
>
)
o
3
w]
%
&
i
—z
i
2
e
ol
ol
38
O

[ cdt = FEFANOR AT HS



Comp.2ea?] fomC(t)dt = 3.13

Comp.3ea?] fomC(t)dt = 2.90

Comp.4ea?] fomC(t)dt = 2.89 o= 7

BOE to] v mAstald ek 2o,

a9 3-12 Az el wE mETelAe F82+e RTD Curve

E®) ----Comp. 2Zea Comp. 3ea  ——Comp. 4ea
0.008

0.004

) N
4

0 50 100 150 200 250 300 350 400
t (s)

200% AAL 7|9 % Comp.2ea°l H]3] Compa.3ea ¥ Comp.4eal]
HAo] ¢ ¥ ZAS & u Compartments N57F 7=
ko]l &£ ¢ doAv gt Comp.3ea?t 4eal] Aol AA
golg 4 Qlt}. 1 o]f+ Compartments® 9 UF
]

dur]e] e LHsh] Fewde T8 AAlE Al

ok g2 2 o
o2 = do du JIN‘
>,

S O (o
o

FAAY FE7F AA wlE w59 20%7F Hi= AlA2 Comp.2ea,

Comp.3ea, Comp.4ea®] A5 2z 144%, 150%, 154x%=
Compartment 7|7} A&5  FHx= 2 vleds e 202
4= 9t} o] E3& Compartments N57F BE&4E 7] HH%Q‘:

52 ) 1 1]|ﬁ



ol Z71skH, = short pass?] HE2 SolS & 4 gl

Hbde]  HA dvlE 59 80% olF He= AlFAAMY F2 A9
W Z A o] % 280%49US & uw] Compartments 7H7F A 99
H &S Folv A= & 90| gl gy

-=-Comp. 2ea Comp. 3ea  —Comp. 4ea

04 140 144 148 152

\156 2

Sem=

950 300 350 400
50 100 150 200 250 300 350 400

o

7y ZAo] 3t AFA7F 2 RTDES Aglshd

¥ 3—7 Compartments 7H<Fol] W& HA#A|FA7F D RTD

9 Number  Compartments 4= 3 A FAIH(s)

2k (e?) ZE84 (o)
® 2 217% 5848 =S
3 222% 5485 T4x
4 221% 5398 73%
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Abstract

Analyzing RTD of Fluidized Beds
Dryer for the improvement of
Productivity of ABS DP

YOO JUNGSOO
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University
Keywords : RTD, CPFD, BAFFLE, FLUIDIZED BED, BUBBLE, DP
Student Number : 2017—24392

In order to improve the productivity of DP (Dry Powder) which is a
middle product of high function polymer ABS, the effect of the
number of compartments divided by the vertical internal baffle and
the height of baffle and the size of the particles and the filling height
of the particles in the bed, on the residence time and
RTD (Residence Time Distribution) in FBD (Fluidized Bed Dryer)
which is a rectangular type was analyzed by CPFD (Computational
Particle—Fluid Dynamics) which was used for the simulation. The
simulated particles were DP and the fluid was air. The simulation
was performed by varying the height of baffles and the number of
baffles based on actual operating conditions. The minimum
fluidization velocity, bubble size and bubble velocity conditions
required for particle fluidization were calculated and the height of
FBD and TDH(Transport Disengagement Height) were calculated.
Tracer was used to measure the retention time and RTD. One pulse

was Injected into the continuous feeding inlet, and the tracer
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concentration at the exit was measured every time to determine the
C—curve, E—curve, F—curve and average retention time and
variance of RTD. By estimating the influence of bubble size and
bubble ascending speed on each condition, the mixing state of
particles was estimated. Baffle has the effect of preventing the
rising speed of the bubble by crushing the size of the bubble. The
higher the height of the baffle, the longer the mean residence time

and the shorter the pass ratio is.
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