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Modeling and analysis of methanized fluidized bed reactor with sintered plate
distributor

ZHANG Xiaorui, CAO Zhikai, CHEN Binghui, ZHOU Hua™

(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen361005, China)

Abstract Numerical simulations of a fluidized bed methanation reactor are carried out by coupling a two-fluid (gas-solid
phase) flow model with kinetic models. The sintered-plategas distributor of the fluidized bed is described by user-defined
function in an ANSYS-FLUENT platform. In addition, an improved kinetic model with a positive correlation between reaction
rate and catalyst active sites is programmed in the user-defined function. The model is validated by comparing the simulation
results with experimental data. Furthermore, the parameters distribution in the methanation fluidized bed reactor with
sintered-plate gas distributor is analyzed on the basis of the simulation results. The results indicate that the simulation results
of the sintered plate model are more reasonable than those without the sintered plate model at the inlet boundary. So the
simulation accuracy of the sintered plate model is higher than that without the sintered plate model. Also, the fluidized bed
methanation reactor can be simulated in the ANSYS-FLUENT combining the sintered plate model with the improved kinetic
model, and simulation results are in good agreement with the experimental data.

Key words methanized; fluidized-bed; sintered plate; reaction kinetics; computational fluid dynamics (CFD)
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1.1 JL IR

FGEAL A R R BL 2% JUT B AL an ] 1 (a) firas, RBi2% 7R 300 mm, HAF 67.5 mm. KR BiAE 5>
N ETRE, HA EBONSAX s FBOVSRE AR X, AR AR RN R X, 6 X R AT R
B0 AR FR 200, R N SR AR SCR I N T AR PR, TSR VLA MRS, PR S B0 172.490 JiAS, H
WU T AR 6.715 JiAS, JNTHAR S ECh 165.775 iAo

REER BN 67.5 mm, fL1E 20~70 um, “FIFL4EN 50 pm, FFFLE 11%. KRS RIE N
IREAR A AR, T LR /N T RORDR A2 B AR AE 5 R B R A TERE 250k BB, SN B FE R 45 R
WAL, g Reai iR i vl 1 (b)) B 4 LA .

(a) (b)
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K1 Bigs (a) MRt (b) LA 2
Fig.1 Geometric model of reactor (a) and sintered plate (b)
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AR A R T R A W B A AR AR AN S
SR NFIVE

CO+3H, « ™% sCH, +H,0  AH,q, =-206.28 ki/mol
KA e
CO+H,0«™™ ,CO,+H,  AH,y, =-41.16 ki/mol

SR8 i 2 5 FR 1T,
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MR Ko ST D A BB B6 5, Kow A0 1 5 M 0 R B 35

M LB M M R PP B SR, LR B R J A L4 0 K OB M, SR T 0L
i U BN 12020 9 25 B V5 DR AL I 0 JR B R FO 00, R A 9% o 15 MO0t
FRSIHIREN, AT S5 b Lo SR BR 0 JR B 3

h=r-C. (19)
AR B R AT p CORTER, i C R RA R, Rk

C=N(1+x), HAF N AZRSLIHFNE L, x AT UDF 52U s 07 F mp 0RL A i AR R 2 %
1.4 BRsiRiE R

T 3 56 o 8 BR A S 56 W 5% A R R I T R B P8), Ak AR e, AR I S A o AT A DU R K T
KFEANIRE, @5 WA BOREEAT 52 2% A0 A B AE F A RORL AR SRS RE 2 1 Bh e, BEANIKE 23 213
RS SRR RN 28 HE OB AR STI BA R 58 A T A fa UKL A 2 I — B A RO, SR g it AT
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JRAE R R I A LB, B S LT EAT MRS R o0 13 B S5 R SR ALK /NI I RS s SR 5 A
T\ ANSYS-FLUENT F|H UDF & £z 5 it 113 5 Wk 5 0k 3t O A% 347 4% 5 (0,1,2, ...) (& 2 A%
SR RERD) , FFE RS g S 55 50 e B — Le AR AE NS AL, HAMRKIEERSEN 0 X T
AT S, BT REEWRAAEILRE DA, HR 21 A 4 52 POV gk A< s ik < B AE — o YO B 9 Bl
WL EC o EAR TG v N 70 e O S A% 1 R Bl =0 (200 At (21D PRAEREMLAE, 872 42 1< 4y
Be2hiZ A%, anitk sk KIEH B2 T A PSS RASE, Ha@ida (22) 5GUE Sk 8 R SEG &
TERBE R R R — 8, A RFF— B 45 R, A —SEH o e .

Pl 2 0 10 % 4 M s T
Fig.2 Number of inlet mesh

HAERIUFE AN
v, =av,; +o(mod M), (20)
r=v,/M,n=12,..., (21)
§W&=Q- (22)

A, v WEEAER, 0 NE, a NIRRT, M B, A NEEORFERMBKER, Q NMBES
B W v NRIUERNT, NAE R E A A5 B0 A5 AR E I 1 BE AL R
15 WH A ERBERY

R @ ANSYS-FLUENT THESRME, ERR GRS THah. RN A% R A% 5 55 4
R R T R, BURE TR BAE 2 ELE LU . AR SR OV R R 2 () 22 B0 0T, AR SR fi T R
FA o935 05, A9 BIAR 8 R 3 5 NN RRE LR AR 3 SR Y . R - R A R Phase
Coupled SIMPLE, 75 [A] B # 77 1 2% F — B il g =X

S I FE A TR RN, B R EE N, JEUEEH V(N2):V(H2):V(CO)=1.37:3.1:1, K¥ii& 0.2 m/s,
RGUEE 350°C; Fh & be MO AL b Ak ok A2 0 3F 11 SR Pl B G5 ARRE RS, e ARBE A (33 1130 5 1

SIWIHE R, NS EET NS AH IS, BAMAEERE, HOAEDHE O,
SIS AL SR BN 125 g, ELEFE p «=1.8 g/mL, IKZEEE 32.13 mm, AR R URL R 2
R 1 pros, FERLR BB AL 1~ F 4 B 42 0.172 mm.,
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RUEAFIRAR 534
Tab. 1The size distribution of the catalyst
H % HAGERE /MM  HREHXR W T
120~150 106~120 0.05
80~120 120~180 0.50 TR A JE ALY 114.98 mL,
60~80 180~250 0.40 p»=1.091 g/mL

40~60 250~380 0.05

2 GREZH

HASAUAE TS A ANSYS-FLUENT 1 & E5g e, BURLAR AN SR RESLE T 7, ShEF s
FE AR L AN s A RE I DA e e B sy AR A T DL ELRRRGE . T B &5 RE KU M A RN
g 15 B R S O Y i i UDF SR SEE
2.1 BEERERIE

G 3 s A HE T R R R 2 AT ARBE x=0, y=0 [ NS5 1 Al DS 258 45 Bl 43 A6 1
M 3 Ca) 8 2 BIW RN R A ST NS L BHE AR, B T RS IR AE — E LA A, BT kA
BN NG E RN AR (R b 25 2% 1 b s o AS (R 6 s R R A3 K/ ) A8 L AR Y BE AL 20 AT
K 3 (b) R AiRBL x=0 S5 md N TEMRER, EhEREDARMCETEANR, Bt
WL o8 £ AR TR [ A R

1.84e+00
1.74e+00
1.65e+00
1.56e+00
1.47e+00
1.38e+00
1.28e+00
1.19e+00
1.10e+00
1.01e+00
9.18e-01
q 8.26e-01
7.34e-01
6.42e-01
5.51e-01

) 4.596-01
N 3.67e-01
2.750-01
1.84e-01
9.180-02
0,00e+00

(a) HEZ A (b) 3 ATARBE x=0 275 [ i O i &

&l 3 peas i A 1B
Fig.3 Distribution of inlet gas velocity

K4 Ca) M (b) 70 J 3R e A WS Y 5 JE RS R AS [ B 22 0K AR (i s IR e B AT R s A
SEROB AL PR 2 BE 1 BAFAE R AR, 7 0.3s J5 IRJZE B DLW A BRI, T o AORE Y0 AR 1k 45
B:3) 0.5s. KELiR I TANFLL Bt TEAR S B RREALESG I, SEPGE B SRR, B
A UL W e S5 BRI X STBEALA A Rt . 456 K 5 e e ARG E IR ZE S BT, Paai i
RUIAFAE T LME R Z AL RS BE3Y —, 5 eI 4% LA AH R T P8 A& — 2.
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6.29e-01
l 598e-01
5.67e-01
535e-01
5.04e-01
4.72e-01
441e-01
4.08e-01
3.78e-01
3.46e-01
- 3.15e-01
283e-01
252e-01
2.20e-01
1.89e-01
157e-01

1.26e-01

944e-02
6.29e-02
3.15e-02
0.00e+00

0.1s 0.2s 0.3s 0.4s 0.5s 0.6s 10s
() HELEtR

6.29e-01
l 5.98e-01
567e-01
535e-01
5.04e-01
4.72e-01
441e-01
4.09e-01
3 78e-01
346e-01
3.15e-01
- 283e-01
252e-01
2.20e-01
1 889e-01
157e-01

1.26e-01

844002
628e-02
3.15e-02
0.00e+00

0.1s 0.2s 0.3s 0.4s 0.5s 0.6s 10s
(b) Tokesbit

Kl 4 A R R w
Fig.4 The process of fluidization

El 5 IRJZ 7 R 2w AR s
Fig.5 Profile of bed voidage along bed height

6 JE7R T AN URL AR R L ¥ 250t S Mg 7y 24 it o I, H R 6 (a) N fE I AR E Ja BURL A
RS E: B 6 (b) AERSREE IR, MARBIF A2 A2 ke (CHp) R
Bl AT RO B, AR OB TR Y, ORI AR AR AR 0 B B IR FEAE A X 2 BLIE A G, B
B IE3h T2 B4 2
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(a) FURLAR PRI 7 Bz P (b) FLEmED Hz

Kl 6 odtah i it H A RoR E K
Fig.6 Result of improved dynamics

2.2 EEEWEMRIIE

B 7 2 NRNAH CO. How CHy FRED S K. HEWA, W FERAETEBLFTIREZX
W, HTRNE—CREE LR, SEKENESFE CO Ml Hy ME%E, RN, KSR
A& FE CO Ak Ha ML FE, BT LA Ho 7EIRJZE N BRI & S NI B R, 7R3 B PR JZ2 X 38, CO F1 H 1)
WRIEIEAR T, FHBEik BB R 2 5 FE B AR SE AR Y —, et it e db s b ) e B R AR e, & 8
CO. Ha. CHs i/ HBEARZE mEA R =K, AUERERDBRNEEEAIRITESE, KEN
Ho it & 73 B 4E 7 75 5.63% /47, CO FiE 70 F4ERF(E 8.19% /- 47, CHa i & 70 B 4ERF7E 33.0% 4 4 o

(@ Co (b) H2 (c) CHs

[§l 7 CO, Hy, CH, it & 43 #  Aii =
Fig.7 Distribution of mass fraction of CO, H,, and CH,
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CH,,1=0.330

H2=0.0563
CO.,=0.0819

8 CO, Ha, CH, /it & 73 Bt K )2 v BE AR A o B
Fig.8 Distribution of mass fraction of CO, H,, and CHjalong bed height

T UG AR, R R RS G B AR S ik B ) AR L ARG Sk Bl ) A DL R Sy
SR ZHMIRZEEE, CO FALRFN CH, Mk BEVE AT X b, LA SO0 B >R Js 1 548 41 iy BIw 9t 1
1B,

* 2N R 3FEMREZF I, CO A ZE (Xcoou) BAK CHa tH HEFEME (Schaou)
P MR AT LUE AT 45 IR 5 SEPR A Fe AW, R W Sk B ) S A A A HE R A

FBAE 5 S0 45 RSt
Tab. 2Comparison of the simulated result withexperimental data

17100 RIZFEIREIK - Xcoou!%  Schaoul/%

JREEIR 746.12 98.263 93.475
ToRREEIR 750.31 97.150 93.851
SEE 753.38 99.650 93.860

B9 MEAFEE LI (A RREBD RIE WA AL B R ARSI, B A RITC iR A Jo ke sl
W RIRRE SIS BT E TR, &Ja TR T e N2 R R R N, H S B R
PR, AR SN ERE D BOR R FEPRE T, 2R E IR R LT, S S AR Yy, R RS
AL, fJa TR COy Hy SEiEd, IRZEZZI TGS . KRR 2t A
THT 52 Ik EF 97 A PR A 8 R AR AR 0 DO DA K Bt 3l 77 54 A Rk . A AFAE e 4R, IR )R AR FEE 20 A
SEN¥A], 5O B AN, MRS DUPR R TR BE B S AR X BOR, IR B R A AR AT LA R X
R B FE SRS INE R SR A B AL A, X 78 70 1 WG T FR e A S8 o AR S BEoR B, 3R AT 5 BT XU AR
Tk

9 WRIZ IR FERE IR 2w FEA AL 7 B
Fig.9Profile of bedtemperaturealong bed height
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IR R JZ A A AL B 5 L IR EE R Se IR T B 45 R T A3t CO IBRAL A, IR 5 AN [FASEADL 75 vk
BB BB AT XS B, W 10 fros, fESEID AR X8 (0~10mm) CO L& AR Se i i, T
X IR A AR X, 10 EPRJZ R AR AL R A Tl ah, X 3 B R BN B IR B (1 T, 2
O BRI, AHRZEN AR 2 CO MR ZERIA K, X R B H IR AR B
&), WERSEIE T 2R . M HWARSEOGF & CHERERD SEmER, TR I B4l
BRI CO HAL RN Sein 45 %, Bt — DRI A M (A Rk S e e . 1 11 ek
CHa EFEVERE IR Z i AR R = B, BT, CHa (3 B BE AR JZ 1 FE IR 0 KRR A B S 4
FAR—F, KRB B .

Pl 10 CO b bl IR 2 i FE AR Ak o 5
Fig.10Profile of conversion of CO along bed height

P 11 CH, b P B R )2 e FE AR 2 ]
Fig.11Profile of selectivity of CH,4 along bed height

3 &g

1) AWFFEET ANSYS-FLUENT i 5°F 6 ) SE5G 5 FUBE I H e A0 U0 A IR J B 2% JE AT T B0l it
B R SURR S A RS, A< [ A ()RS A R B IE K Syamlal-O’Brien #5784, 78 3 17130 FL i 37 B 45 W
AL, Jfiat UDF X e B3l g 22k 47 o, 78 22 Wb S IR A R T 2R 5 4 e 771 9 B 1700 TE A G

2) CO fEHE AR X O IEAR R N 5E 4, Hy B A7 75 KA AR e S Bt DLYE AL FRIER 2 W ATS
REMAEPEFE, RNEEFKREN H FiESBYERFE 5.63%A A, CO FEN YR 8.19%/K
£is CHa AR A B4 FFTE 33.0% /5 45 o

3) WL R G Xt b, 45 RIEAYIE . BRSO AL A E LSBTk B BHR, R
FERACGRE TN L), RIZEPIE B S AR, SN T 2R 5 A0 7709 P 110 FH S BBk B8 i 0 5 Js ok
AR, RRERBEA LI FE CO AR, IKREREEMMFELINE R, NESRaiks Fix
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