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Simulation of Hydrodynamics Behavior in a Co-Current Down-Flow

Circulating Fluidized Bed Reactor: Effect of Physical Properties of Gas

Parinya Khongproml’z* Adisorn Pratumma "’ Nuttapol Malai"’ and Sunun Limtrakul’

Abstract

The effect of physical properties of gas on the hydrodynamics behavior in a co-current down-flow
circulating fluidized bed (downer reactor) was studied by means of numerical simulation. Two-fluid model based on
the kinetic theory of granular flow was used. The diameter and the height of the downer reactor are 0.1 and 9.3 m,
respectively. Temperature used in this study is in the range 20 - 1000 °C. The simulation results were validated with
the experimental data obtained from the literature. The simulation results reveal that the gas density shows less
effect on the solid fraction than that of gas viscosity. The highest percentages of the solid fraction changing are 9.54
and 15.15 when studying the effect of the gas density and viscosity, respectively. The peak height of the solid
fraction near the wall region increases with decreasing of gas density or gas viscosity. The maximum percentages of
particle velocity increasing in the center region are 3.91 and 3.30 in case of increasing of gas density and gas

viscosity, respectively.

Keywords: Down-flow circulating fluidized bed reactor, Hydrodynamics behavior, Simulation, Two-fluid model,

Physical properties of gas
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0.676 143.17 0.675 0.00 0.861 5.59 0.625 0.16 0.941 1.47
1.225 340.65 0.674 0.15 0.825 9.54 0.623 0.48 0.937 1.88

4 I vy . Vo
ﬂ1§1\1ﬁ 3w Nﬁ"’UE]\iﬂ?]"lilﬁﬁﬂ”llﬁ]i]ﬂ'l“lﬁlﬂﬂ']iﬂﬂﬁ$ﬂ1§lﬂaﬂullﬂﬁimﬂﬁﬂ'lﬁﬂﬁ’«luﬂigﬂ"lﬂ

Hg % Z=0512m Z=9155m

(kg/m.s) relative % % relative % % relative % % relative % % relative
x10° Aug Egcen A&y cen E peak A& peak Egcen A& cen &g, peak A& peak
1.789 0 0.674 0.00 0.825 0.00 0.623 0.00 0.937 0.00
2.813 57.24 0.670 0.59 0.806 2.30 0.635 1.93 0.870 7.15
3.640 103.47 0.669 0.74 0.798 3.27 0.636 2.09 0.856 8.64
4.330 142.03 0.669 0.74 0.788 4.48 0.659 5.78 0.808 13.77
4931 175.63 0.671 0.45 0.779 5.58 0.661 6.10 0.795 15.15
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Pg % relative Z=0.512m Z=9.155m

(kg/ ms) Ap g Vs cen % relative Vs, peak % relative Vs,cen % relative Vs, peak % relative
AV con AV peak AV con AV peak

0.278 0 9.41 0.00 11.45 0.00 9.94 0.00 11.34 0.00

0.346 24.46 9.45 0.45 11.41 0.35 9.96 0.10 11.33 0.04

0.458 64.75 9.51 1.07 11.34 0.89 9.96 0.19 11.33 0.08

0.676 143.17 9.60 2.07 11.24 1.80 9.98 0.37 11.31 0.26

1.225 340.65 9.77 391 11.04 3.55 10.01 0.66 11.26 0.70
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Hg % Z=0512m Z=9.155m

(kg/m.s) relative V‘Y,Cen % relative Vs, peak % relative Vs,cen % relative Vs, peak % relative
x 10° Aptg AV cen AVs peak AV cen AVs peak
1.789 0 9.77 0.00 11.04 0.00 10.01 0.00 11.26 0.00
2.813 57.24 9.95 1.79 11.00 0.35 9.96 0.50 11.21 0.45
3.640 103.47 10.00 2.30 10.93 1.03 9.89 1.16 11.18 0.70
4.330 142.03 10.10 3.30 10.91 1.16 10.00 0.09 10.98 243
4.931 175.63 10.10 3.30 11.06 0.14 9.99 0.17 11.00 2.28

Gas and Particle Inlet

L

— P

z

L.

i —f

Gas and Particle Outlet 0.1 m

(W} )

y ' ' 7 o Aa ' Aaa
Tl.lﬁ 1 iﬂiN"UENﬁ’JHWI’JLHE]SﬁGlﬁuﬂ"lii]"lﬂENL!’UiJ: (M) NINITUBN 3 WA (V) EﬂiNlL‘llll 2 48

u a

13



UNANNINY NsensInmama TuTadgaamnisy YN 9 N 3 Aueen — SuNAY 2556

The Journal of Industrial Technology, Vol. 9, No. 3 September — December 2013

(U
(A
A

nxn,;: 20x465 30x465 40x465

(")

nxn,: 30x372 30x465
(]
::i a ~ Y o A K a
35U 2 mynszagveanianlglunsiiaeauuy: (0) NIAANBINANITNTZDIGVBINTAAINLUILAY x, (V)

ﬂﬁiﬁﬁﬂ‘klWlﬁﬂﬁﬂi%ﬂWﬂﬂlﬂQﬂ%ﬂﬁTmtu’)uﬂu z

o n.1) n.2) . (u.1) (u.2)
0.04 Z=0512m Z=0512m [
1 [ =
003 i
: . |
(101 — 7———"’§ === Z=0512m Z=0512m
2
0.01 D
000 i . . - -8 ; ; - -
= =6227 =6227 £ Z=6227m Z=6227m
E 004 Z=622Tm Z=622Tm g} ¢ afm.
2 = w
= 003 2, xn, noxn |
=z = i = Tt
E 0m DR\ BN = 20 x 465 30310 \.‘
= \w: 5 30 x 465 s0x32 |
-z 0h = 40y 465 30x465 |
= =
00 =8
n_X n
004 20 x 465 " - I
Ui xdes | \
S .= H0x 4“‘ 4 2=9155m Z-9155m |
‘
0.01 Z=9155m _ 7=0135m 2 ]
0.00 . 0 ;
G 02 04 06 08 100002 04 06 08 10 o 02 04 06 08 100002 04 06 08 10
2 Bl @
Saitlimin R O saitlnha R ()

317 3 wavesdwIunIAdeNANIITIA0ADL: (N.1), (V.1) HAVDITIUIUNTAMIWUUIUAY X HASHUILNY Z 61D
MINTLIWAITAAIUDYNIA MINAIAY; (1.2), (V.2) HAVDITIUIUNTAATNUUIUNY X HAZUUIUNY z ADNIT

' < o o
NITIYAINITULTIDUNIN ATNAIADY

14



UNANNINY NsensInmama TuTadgaamnisy YN 9 N 3 Aueen — SuNAY 2556

The Journal of Industrial Technology, Vol. 9, No. 3 September — December 2013

0.04 15
Z=0512 * ;
0.03 " b. 4% 2
0.02 7S 9
0.01 6
g Z=0512m
0.0 3
< 2
c 003 Z=6227m E
[y N
% 002 €
2 =
8 o001 2
& g
T 0.0 g
(S e
G 3
0.03 [
Z=9.155m e
€19
0.02
+ MI3NAR04 [1] 9
0.01 —— m3dravuuy 6 o Msnaaes [1]
0.0M I —mssraoamy
0
0 02 04 06 08 1.0 0 02 04 06 08 1.0
o olamy
Sail3vue R O San13vive iR ()
(M) (V)

a a v A oy < ' °
31]‘7] 4 fSeumeumsnsenemunusalivesmdadiu (M) HAaZAITULIIDYNIA (V) IEHINMITQDVULAL
N1SNAADY [1]

(5.1) (5.2) (5.3)
0.012 p—
T Z=052m Z=0512m
0.009 v ) N
//\ R -»\ 7‘,__7_/__/.-\\
0.006 ] LS \ e E
Density (kg/ml) \ ¥‘ ‘i.
——— 0278 i
0.003 \ :
— = = 0.346 \ ™ \‘*
. 0.000 0.458
é 0.676 Z=622Tm
c 0009 1225 Z=6227Tm .
2 0.006 "~ Vk P = |
iscosit . \
2 - Ecislyffél; 9x 10} Den. Vis. TCO) %
2 0.003 Z=6227m \ . o ars 189 25 \
& |- 288 = = 0.676 2.813 250
S 0.000 3.640 _
— 4330 —— 0.345 4.330 750
Z=9.15m
0.009 ) w031 Y 0.278 49311000, «
= - L)
- " \\ I }
0.006 e T ,\\7
\ A A
0.003 \ Z=9.155m ] /o155 m ]
0.000 ]

0 02 04 06 08 1.00 02 04 06 08100 02 04 06 08 10
v A Y |
Sadll3vve v/R ()

y ' » o o
gﬂﬁ 5 Wﬁ"’UENﬂ'J'IMWH']!L‘L!ullﬂ$ﬂ31uﬁﬁﬂﬂlﬂﬂﬂ1°ﬁﬁﬂﬂ'ﬁﬂigfﬂ"IEJG]']ML!H35ﬁﬁﬂlﬂﬁﬂ1ﬁﬂﬁ3uﬂi§ﬂ1ﬂ: (5.1) WaUDd4

oo 1 ' y A
AINUNUIUUDY; (5.2) Wﬁ"’]]'i]\iﬂ'ﬂilﬁﬁﬂﬂ']“]f; (5.3) waﬂJENmm*ﬁu1uuuuazmmwﬁﬂﬁqmwgmw 9

15



UNANNINY NsensInmama TuTadgaamnisy YN 9 N 3 Aueen — SuNAY 2556

The Journal of Industrial Technology, Vol. 9, No. 3 September — December 2013

1 ' o ' o ' 3
zﬂﬁ 6 Wﬁﬂlﬂ\iﬂ'f]'lllwu'luuulmgﬂ'ﬂllﬁﬁﬂ"llﬂﬂﬂ"lclfﬁﬂﬂ"liﬂ53i]"IEIGI"IIJLLH'Jiﬁﬁ"UENﬂ"Iﬂ'J"IlJLi’Jﬂlgﬂ"lﬂ: (6.1) WA

I o ' { a
VBDIAIMUT UL UUNTY: (6.2) Wﬁ"’ll'ﬂﬂﬂ'«]"lll'ﬁﬁﬂﬂ"lclf; (6.3) wammmmwumuuuazmmwﬁﬁﬁqmﬁgumd 9

6.1) (6.2) 6.3)
13
Z=0.512m Z=0512m Z=0.512m
12 /
; f
11 /\ A /il
e 2
10 77 |rrerTrIIeee | e
—a O | E | R Den. Vis. T(°C) |
— 9 Density (kg/m’) == 1225 1789 25 .
‘\E” - == 0278 — — 0.676 2.813 250
E | --- 0346 0.458 3.640 500
€ 0.458 Z=6227m —— 0.345 4.330 750
& 0.676 N 0.278 4.931 1,000
=1 1.225 \ A e
@ L=
g . \ e \
E0 L A o) e \
= 2=622Tm Viscosity (kg/m.s) x 10 | 2=622Tm '
c 9 - == 1789
——— 2813
12 Z=9.155m 3.640 2=9155m
— 4330
/ 4.931 R v
u 7 PN e
A ) e o2 a
10 / - :/ I P |
‘ Z=9.155m ‘ 1
9 ‘ ‘
0 02 04 06 08 1.00 02 04 06 08100 02 04 06 08 1.0

$aal15ve /R ()

16



